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(57) ABSTRACT 

A method for producing hydrogen by reforming hydrocar 
bons using steam, combined with carbon dioxide capture and 
steam production, which involves mixing the hydrocarbons to 
be reformed with steam in order to produce a feedstock for 
reforming, generating a Syngas; the Syngas produced is 
cooled, enriched with H2 and CO2, and then cooled; the 
condensates of the method are separated from the syngas in 
order to be used in the method, the saturated syngas being 
treated by adsorption with pressure modulation so as to pro 
duce hydrogen and a gaseous effluent containing CO that is 
captured in a CPU unit. The condensates from the cooling of 
the syngas at the outlet of the shift reactor are used in the 
method for producing impure steam Supplying the mixing 
point; the CPU unit also produces CPU condensates that are 
recycled to be treated jointly with the condensates of the 
method. 

Topsoe Inc. v. L'Air Liquide, SA 
IPR2025-01173 | L'Air EX2001 
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METHOD FOR PRODUCING HYDROGEN BY 
REFORMING HYDROCARBONSUSING 
STEAM, COMBINED WITH CARBON 
DOXDE CAPTURE AND STEAM 

PRODUCTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a S371 of International PCT 
Application PCT/FR2013/052613, filed Oct. 31, 2013, which 
claims the benefit of FR 1262002, filed Dec. 13, 2012, both of 
which are herein incorporated by reference in their entireties. 

TECHNICAL FIELD OF THE INVENTION 

0002 The present invention relates to hydrogen produc 
tion with CO capture. 

SUMMARY OF THE INVENTION 

0003. In one embodiment, the invention relates to a pro 
cess for producing hydrogen by reforming hydrocarbons 
using steam, combined with carbon dioxide capture and 
steam production, in particular steam reforming and also 
autothermal reforming, in which the hydrocarbons to be 
reformed are mixed with steam so as to produce the feedstock 
for the reforming, a synthesis gas is generated, comprising 
essentially hydrogen, carbon monoxide, carbon dioxide, and 
also excess Steam, residual methane, water and impurities; the 
synthesis gas produced is cooled, enriched with H and CO, 
by converting CO with steam (shift reaction); the enriched 
synthesis gas is cooled by indirect heat exchange with fluids 
from the process so as to produce a synthesis gas Saturated 
with water and process condensates which are separated from 
the synthesis gas so as to be used in the process, the Saturated 
synthesis gas being treated by pressure Swing adsorption so as 
to produce hydrogen and an offgas containing CO which is 
captured in a CO-purification unit. 
0004. The process condensates—i.e. the condensates 
resulting from the cooling of the synthesis gas at the outlet of 
the shift reactor—can be used in the process itself according 
to two modes. 

0005. The first mode of use employs a condensate strip 
per; the process condensates are treated by Steam strip 
ping in a column called a stripper, the steam loaded with 
impurities resulting therefrom being recycled with 
Supplementary highly pure steam to the mixing point for 
the hydrocarbons with the steam, while the purified con 
densates are used to produce highly pure steam via the 
process waste heat boiler both in order to provide the 
Supplementary Steam for the mixing point and to provide 
pure export steam. 

0006. The second mode of use of the condensates does 
not call for steam stripping of the condensates; the pro 
cess condensates are mixed with demineralized water as 
make-up, then are vaporized and then Superheated in the 
waste heat boiler thus generating impure steam for feed 
ing the mixing point with process steam; 
0007 according to a first variant, in which it is 
desired to produce highly pure export steam, said 
steam is treated in a circuit—distinct from the circuit 
for production of impure steam—where demineral 
ized water is vaporized, then the vapor is heated, as 
appropriate Superheated, by heat exchange with hot 
fluids from the process (or associated with the pro 
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cess). Part of it is sent as a steam Supplement to the 
mixing point and part of it is exported; 

0008 according to a second variant, implemented in 
the case where the export steam may be impure steam, 
the process condensates are mixed with all the dem 
ineralized water, jointly vaporized in the waste heat 
boiler, the steam being heated, as appropriate Super 
heated, by heat exchange with hot fluids from the 
process (or associated with the process); a part of the 
impure steam generated is sent to the mixing point, 
the excess steam is exported. 

0009. The term “highly pure steam' as used in the descrip 
tion and in the claims means steam containing less than 50 
ppmv of oxygen, 50 ppmv of carbon dioxide, 50 ppmv of 
methanol, 50 ppmv of amines and 50 ppmv of ammonia. 
0010. The term “process condensates' as used in the 
description and in the claims means the condensates made up 
of the aqueous phase obtained from the synthesis gas, during 
final cooling thereof at the end of the conversion (shift) step, 
and recovered by separation. 
0011 Certain embodiments of the invention apply in the 
context of steam reforming processes, in particular processes 
for steam methane reforming (SMR) by means of a reforming 
catalyst, and also in the case of processes coupling steam 
reforming and partial oxidation of hydrocarbons (autother 
mal reforming, or ATR, process). In this case, the hydrocar 
bons are mixed with steam, and then they are partially oxi 
dized in a burner, thus producing the heat required for the 
reforming reaction at the same time as a gas poor in hydrogen; 
this first gas produced is then steam-reformed so as to provide 
more hydrogen and carbon monoxide. In these two cases, the 
steam reforming is carried out by means of a reforming cata 
lyst. 
0012. The above steam reforming processes are used to 
produce synthesis gases from hydrocarbon-based gas feed 
stocks, the main reaction being the steam methane reforming 
reaction; in the case of feedstocks comprising hydrocarbons 
containing at least two carbon atoms, the reforming is pre 
ceded by a pre-reforming, which is itself also with steam, the 
essential function of which is to convert the hydrocarbons 
containing at least two carbon atoms into carbon monoxide, 
hydrogen and methane. The obtaining of synthesis gas (also 
called syngas) generally represents a first step in a final pro 
duction which may be a production of hydrogen, of CO or of 
a H/CO mixture. Depending on the feedstock to be 
reformed, on the desired final production and on the operating 
conditions applied to this effect, the synthesis gases can have 
different compositions, but are always in the form of a mix 
ture containing mainly hydrogen (H) and carbon monoxide 
(CO) and in smaller proportions carbon dioxide (CO), but 
also unreacted methane (CH), excess steam and traces of 
various compounds, impurities initially present but also gen 
erated during the reforming, and essentially due to the pres 
ence of the catalyst. 
0013 For a final production of essentially hydrogen, the 
synthesis gas produced is then treated in at least one reactor 
where the CO conversion reaction takes place, termed “shift 
reactor, in which the carbon monoxide produced during the 
reforming is, under the action of steam present in the synthe 
sis gas and in the presence of an appropriate catalyst, essen 
tially converted into additional hydrogen and carbon dioxide. 
0014. An essential aspect of hydrogen production units is 
that they exhibit extensive energy integration allowing the use 
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of the heat available in the hot fluids of the unit, in particular 
for producing steam, preheating reagents or preheating air. 
0015 Indeed, exiting the reformer at a very high tempera 
ture between 800 and 950° C., the synthesis gas must be 
cooled in order to be subsequently converted. It thus under 
goes a first cooling to a temperature below 400° C., before 
being able to entera shift reactor, the synthesis gas at the shift 
reactor outlet (or of the final shift reactor) again undergoes 
cooling to a temperature of between 20 and 60° C. suitable 
for the downstream treatment by adsorption and the steam 
present is partially condensed. The Saturated synthesis gas is 
separated from the liquid phase resulting from the condensa 
tion which constitutes the “process condensates’. 
0016. These process condensates which contain essen 

tially water are recovered and reused to produce steam by 
means of the heat originating from the process. All or part of 
the steam thus produced, termed process steam, is mixed with 
the feedstock intended for producing the synthesis gas in the 
reformer. However, the process condensates also contain 
impurities dissolved in the water; some of these dissolved 
impurities were present in the streams feeding the reformer, 
others were produced during the reforming; they originate, 
however, predominantly from reactions in the shift reactor, 
and can be attributed to the presence of the catalyst. Among 
the impurities present in the process condensates, are thus 
carbon dioxide, methanol, aqueous ammonia and amines. 
0017. As indicated above, depending on the level of impu 

rities in the process condensates and on the quality specifica 
tions that the steam intended for exportation must adhere to, 
several modes of use of these impure process condensates are 
possible. 
0.018 Certain embodiments of the invention relate more 
particularly to the processes according to which the process 
condensates are not purified before vaporization. Thus, they 
are only deaerated, pumped, preheated, vaporized and then 
sent at least partially to the mixing point. 
0019. A second aspect itself also essential relating to 
the hydrogen production facilities concerns the capture of the 
CO produced by these facilities. Indeed, while, during the 
previous decades, the carbon dioxide was simply separated 
from the hydrogen and generally sent into the atmosphere, the 
demonstration of global warming and of the role that it plays 
therein has led to ensuring that the CO, jointly produced with 
the hydrogen is captured. 
0020. An industrial-scale hydrogen production facility 
represents an important Source of CO2 emissions, and 
improving both the design and the operation thereof for the 
purpose of reducing CO emissions of human origin in the 
atmosphere has thus become essential for hydrogen produc 
ers. Consequently, processes and technologies have been 
developed for capturing carbon dioxide in order both to 
reduce CO emissions and to improve hydrogen production 
facilities, in terms of cost and of performance. 
0021. The carbon dioxide emissions of hydrogen produc 
tion facilities can be reduced using several different separa 
tion techniques in order to extract the CO contained in the 
flue gases, the syngas or the residual gases resulting from the 
process. The CO, thus captured can Subsequently be com 
pressed, transported and sequestered in underground storage 
reservoirs, used for enhanced oil recovery or for industrial or 
consumption purposes. 
0022. The techniques developed for carbon dioxide cap 
ture use essentially cryogenic, membrane, or physical and/or 
chemical adsorption or absorption processes; the choice of 
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the technology depends in particular on the composition of 
the gas subjected to the capture, but also on the costs of the 
electricity and the steam, on the investments costs and on the 
(carbon) taxes applied. 
0023 Hydrogen is widely used industrially and in particu 
lar by the oil and refining industry for various processes. 
During steam reforming, the hydrocarbon feedstock is a gas 
eous feedstock, generally natural gas or a mixture of light 
hydrocarbons, the main constituent of which is methane. In 
the remainder of the description, in the interests of simplicity, 
the example of natural gas (GN) will be mentioned. The 
feedstock generally undergoes a pretreatment intended to 
remove the Sulphides present so as to not poison the catalysts 
that will be used during the reforming. The strongly endot 
hermic reforming reaction takes place at high temperature 
and at high pressure (800 to 950° C. and 13.5 to 55 bar(a)). 
The heat required for the methane reforming reaction is Sup 
plied: 

0024 in the case of reforming of steam methane 
reforming (SMR) type, by the combustion of combus 
tible gas—feed natural gas and residual gas from the 
process (generally derived from a PSA residual gas) 
essentially—with air in the combustion Zone thus pro 
ducing flue gases at very high temperature; 

0.025 in the case of autothermal reforming (ATR) by 
partial oxidation of the feedstock in this case, the PSA 
residual gas is conventionally burnt to produce steam in 
a dedicated boiler. 

0026. The syngas resulting from the reforming is itself 
also very hot, and a part of the available heat is used to heat 
waste heat boiler water in order to produce steam. 
0027. The syngas cooled a first time can be sent to a reactor 
So as to produce additional hydrogen from the conversion, in 
the presence of water, of the CO to CO. This reactor is termed 
a “shift reactor (also known as WGS reactor, WGS being the 
abbreviation for water gas shift). Following this step of the 
process, the CO content of the syngas downstream of the 
WGS reactor increases, together with its H content. 
0028. The syngas enriched with H and CO (and depleted 
of CO) is usually treated by pressure Swing adsorption in an 
HPSA unit so as to produce a gaseous stream of substantially 
pure hydrogen. 
0029. At the same time as almost pure hydrogen, the H. 
PSA unit produces a PSA offgas which contains the CO 
contained in the synthesis gas feeding the PSA unit, and also 
the methane which did not react during the reforming, CO 
which did not react during the conversion step and a part of 
the hydrogen feeding the PSA unit. Because of the presence 
of gases with high calorific values (methane, carbon monox 
ide and hydrogen), the PSA offgas is usually sent as fuel to the 
burners of the SMR or of the dedicated boiler in the case of an 
ATR 

0030 The PSA offgas is the gaseous stream richest in CO. 
of the process described above (typically 40-55% in the 
absence of capture upstream); the offgas is available at a 
pressure below 2 bar(a). By virtue of this relatively high CO 
content, the cryogenic CO2 capture solution may be applied 
to the PSA offgas. 
0031 Cryogenic CO capture (CPU) calls for the partial 
condensation and/or the distillation of the CO, contained in 
the CO-rich gaseous stream in a cryogenic purification unit 
(CPU). It should be noted that, since the partial condensation 
is carried out under pressure, the literature also makes refer 
ence to the purification/compression duality as a replacement 
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for the purification/cryogenics duality for the same abbrevia 
tion CPU, and the same operation. The gas, after drying and 
compression to a pressure between 20 and 100 bar(a), is 
cooled to a temperature close to that of the triple point of CO, 
(approximately -56°C.). Under these temperature and pres 
Sure conditions, it will partially condense, the liquid phase 
being particularly enriched with CO and the gas phase with 
non-condensable gases. The liquid obtained can then be dis 
tilled so as to achieve CO purities greater than 99%. 
0032. A process of CO capture by CPU applied to the 
PSA offgas—operates according to the following scheme: the 
gaseous stream of offgas is compressed and dried such that its 
pressure is between approximately 20 and 100 bar(a), then it 
undergoes one or more successive condensation/separation 
steps in the CPU unit so as to produce a liquid stream enriched 
with CO and a gas stream (capture offgas) enriched with 
hydrogen and with other constituents lighter than CO and 
therefore non-condensable under the operating conditions, in 
particular CH, H and CO. The condensation/separation 
steps can be supplemented by membrane separation steps. 
0033. During the compression step preceding the drying 
step, the water contained in the offgas will partially condense 
with a part of the water-soluble impurities contained in the 
gas. The pressure during the drying step is between 1 and 50 
bar(a), the pressure of the condensates formed is conse 
quently between approximately 1 and 50 bar(a). Formed in 
the CPU unit, they are denoted “CPU condensates” in the 
description and in the claims. The CPU condensates are sepa 
rated prior to the separation/condensation of the CO and are 
discharged as waste water to a treatment plant which may be 
a waste water treatment plant of the industrial site where the 
CPU is installed, but will more commonly be a dedicated 
treatment plant; in the absence of waste water treatment plant 
available for treating these additional condensates, or if the 
plant already present is not capable of treating the CPU con 
densates owing to their composition. In particular, the pres 
ence of methanol in the CPU condensates is very bothersome, 
since it is a powerful bactericide which limits or even makes 
impossible a treatment by bacterial degradation commonly 
used for waste water treatment. A facility for treatment of 
condensates of this type is relatively expensive since it is 
difficult to implement, more particularly owing to the pres 
ence of methanol in the condensates. 
0034. It is therefore desirable to use a technique for treat 
ing these condensates which is more economical and espe 
cially less sensitive to methanol content. The solution accord 
ing to the invention consists in integrating the treatment of the 
condensates coming from the CPU into the hydrogen produc 
tion process; more specifically, it will involve, according to 
the invention, combining the treatment of the CPU conden 
sates with that of the process condensates resulting from the 
cooling of the synthesis gas as described above. 
0035. This solution, integrated into the process, also has 
advantageous adaptations and variants according to the situ 
ations; it is thus that: 

0036 the total number of pieces of condensate treat 
ment equipment is not increased—no equipment for 
treatment of the CPU condensates before discharge— 
the investments costs are therefore reduced, as is the 
ground occupancy of the facility; 

0037 since the condensates of the CPU are recycled to 
the reforming Zone, the make-up of demineralized water 
required by the hydrogen production unit is decreased 
accordingly: 
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0.038 the compounds present in the condensates and 
which can be incorporated into the feedstock are sent 
with the steam to the reforming. They are then elimi 
nated and participate in the hydrogen production. 

0039 For this, the main subject of the invention is a pro 
cess for producing hydrogen by reforming hydrocarbons 
using steam, combined with carbon dioxide capture and 
steam production, comprising at least the steps of 

0040 a) mixing the hydrocarbons to be reformed with 
steam so as to produce the feedstock for the reforming, 

0041 b) generating, by reforming, a synthesis gas com 
prising essentially hydrogen, carbon monoxide and also 
excess steam, carbon dioxide, residual methane, water 
and impurities from the mixture resulting from Step a). 

0.042 c) first cooling of the synthesis gas, 
0043 d) generating a synthesis gas enriched with H 
and CO by steam conversion of the CO contained in the 
cooled synthesis gas resulting from step c), 

0044) e) cooling the synthesis gas enriched with H and 
CO resulting from step d) by indirect heat exchange to 
a temperature of about ambient temperature, at least 
below 60° C. and preferably below or equal to 40°C., so 
as to produce a saturated synthesis gas and condensates 
C1, 

0.045 f) separating the condensates C1 from the satu 
rated synthesis gas resulting from e), 

0046 g) treating the synthesis gas resulting directly or 
indirectly from stepf) in a unit for hydrogen purification 
by pressure Swing adsorption, So as to produce a stream 
of hydrogen having a purity of at least 99% and a stream 
of offgas containing at least 40% of CO, 

0047 h) treating the stream of PSA offgas resulting 
from step g) in a CPU unit producing at least one stream 
of purified CO and at least one stream of non-condens 
ables, 

0048 and also steps of treating all or part of the conden 
sates C1 resulting from the process, alone or as a mixture with 
make-up demineralized water, comprising at least the steps 
of: 

0049 k1) reducing the pressure of the condensates C1 
to a pressure of between 1 or 5 bar(a), preferably 
between 1 and 2 bar(a), 

0050 k2) passing the reduced-pressure condensates C1 
through a deaerator in order to eliminate a part of the 
gases dissolved in the condensates C1, 

0051 k3) pumping the condensates C1 at a pressure of 
between 15 and 90 bar(a), preferably between 25 and 70 
bar(a), 

0.052 k4) preheating the condensates C1 underpressure 
at a temperature of between 150 and 290°C., preferably 
between 200 and 280°C., 

0.053 kS) vaporizing the condensates C1 underpressure 
at a temperature of between 200 and 300°C., preferably 
between 220 and 290° C., so as to produce a stream of 
impure Steam, 

0.054 k6) recycling the impure steam to step a) so as to 
be mixed with the hydrocarbons to be reformed, 

0055 and also steps of producing steam intended for 
export, comprising at least the steps of 

0056 v1) feeding a steam circuit associated with the 
process with demineralized water alone or mixed with 
the condensates C1, 

0057 v2) preheating the water, 
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0.058 v3) vaporizing the preheated water against the 
synthesis gas originating from the reforming in a waste 
heat boiler so as to produce a stream of steam, 

0059 v4) recycling a part of the steam to step a) so as to 
be mixed with the hydrocarbons to be reformed, 

0060 v5) making the remaining steam available for 
export, 

0061 characterized in that the treatment steph) also pro 
duces at least one stream of condensates C2, and the conden 
sates C2 are recovered and recycled into the process upstream 
of step kS) of vaporizing the condensates C1. 
0062. In this way, the residual impurities present in the 
condensates C2 of the CPU are mixed in the steam with those 
of the process condensates C1, and are recovered as reform 
ing feedstock. 
0063. In accordance with other advantageous characteris 

tics of the invention, the latter may exhibit one or more of the 
variants which are described hereinafter. 
0064. According to their pressure and their temperature, 
the condensates C2 from the CPU are added to the process 
condensates C1 upstream of the vaporizing of the conden 
sates, in various locations, after having undergone, if 
required, heating and/or pumping and/or deaeration steps, via 
the means for pumping, heating or deaerating the process 
condensates C1 or via dedicated means. Indeed, the pressure 
of the condensates C2 depends on the pressure of the gas 
treated by the CPU. Thus, advantageously: 

0065 the condensates C2 can be mixed with the con 
densates C1 upstream of the deaerator; this variant is 
preferably used when the condensates C2 originating 
from the CPU unit are at a pressure above or equal to that 
of the condensates C1 before the pumping of said con 
densates, but below the operating pressure of the 
exchanger for preheating or vaporizing; the condensates 
C2 are at a temperature sufficient for correct operation of 
the unit; the deaerator, the pump for the condensates C1 
and the exchanger for preheating the condensates C1 are 
able to treat the additional flow of condensates C2 and it 
proves necessary to deaerate the condensates C2; 

0.066 the condensates C2 can be pumped at the pressure 
of the condensates C1 after reduction of the pressure of 
said condensates and mixed with the condensates C1 
upstream of the deaerator; this variant is preferably used 
when the condensates C2 originating from the CPU unit 
are at a pressure below that of the condensates C1 before 
pumping of said condensates; the condensates C2 are at 
a temperature Sufficient for correct operating of the unit; 
the deaerator, the pump for the condensates C1 and the 
exchanger for preheating the condensates C1 are able to 
treat the additional flow of condensates C2 and it proves 
necessary to deaerate the condensates C2; 

0067 the condensates C2 can be preheated and mixed 
with the condensates C1 upstream of the deaerator; this 
variant is preferably used when the condensates C2 
originating from the CPU unit are at a pressure above or 
equal to that of the condensates C1 before the pumping 
of said condensates, but below the operating pressure of 
the exchanger for preheating or vaporizing; the deaera 
tor, the pump for the condensates C1 and the exchanger 
for preheating the condensates C1 are able to treat the 
additional flow of condensates C2; it proves necessary to 
deaerate the condensates C2; but the temperature of the 
condensates C2 is too low to ensure correct operation of 
the unit; 
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0068 the condensates C2 can be pumped, preheated at 
the pressure of the condensates C1 after reduction of the 
pressure of said condensates and mixed with the con 
densates C1 upstream of the deaerator; this variant is 
preferably used when the condensates C2 originating 
from the CPU unit are at a pressure below that of the 
condensates C1 before the pumping of said condensates; 
the deaerator, the pump for the condensates C1 and the 
exchanger for preheating the condensates C1 are able to 
treat the additional flow of condensates C2; it proves 
necessary to deaerate the condensates C2; but the tem 
perature of the condensates C2 is too low to ensure 
correct functioning of the unit; 

0069 the condensates C2 can be mixed with the con 
densates C1 downstream of the deaerator; this variant is 
preferably used when the condensates C2 originating 
from the CPU unit are at a pressure above or equal to that 
of the condensates C1 before the pumping of said con 
densates, but below the operating pressure of the 
exchangerfor preheating or vaporizing; the pump for the 
condensates C1 and the exchanger for preheating the 
condensates C1 are able to treat the additional flow of 
condensates C2 and it does not prove necessary to deaer 
ate the condensates C2; 

0070 the condensates C2 can be pumped and mixed 
with the condensates C1 downstream of the deaerator; 
this variant is preferably used when the condensates C2 
originating from the CPU unit are at a pressure below 
that of the condensates C1 before the pumping of said 
condensates; the pump for the condensates C1 and the 
exchanger for preheating the condensates C1 are able to 
treat the additional flow of condensates C2 and it does 
not prove necessary to deaerate the condensates C2; 

0071 the condensates C2 can be mixed with the con 
densates C1 downstream of the pump for the conden 
sates C1; this variant is preferably used when the con 
densates C2 originating from the CPU unit are at a 
pressure above or equal to that of the condensates C1 
after the pumping of said condensates; the exchanger for 
preheating the condensates C1 is able to treat the addi 
tional flow of condensates C2 and it does not prove 
necessary to deaerate the condensates C2; 

0.072 the condensates C2 can be pumped and mixed 
with the condensates C1 downstream of the pump for the 
condensates C1; this variant is preferably used when the 
condensates C2 originating from the CPU unit are at a 
pressure below that of the condensates C1 after the 
pumping of said condensates; the exchanger for preheat 
ing the condensates C1 is able to treat the additional flow 
of condensates C2 and it does not prove necessary to 
deaerate the condensates C2; 

0073 the condensates C2 can be mixed with the con 
densates C1 downstream of the exchangerfor preheating 
the condensates C1; this variant is preferably used when 
the condensates C2 originating from the CPU unit are at 
a pressure above or equal to that of the condensates C1 
after the pumping of said condensates; the condensates 
C2 are at a temperature sufficient for correct operation of 
the unit and it does not prove necessary to deaerate the 
condensates C2; 

0.074 the condensates C2 can be pumped and mixed 
with the condensates C1 downstream of the exchanger 
for preheating the condensates C1; this variant is pref 
erably used when the condensates C2 originating from 
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the CPU unit are at a pressure below that of the conden 
sates C1 after the pumping of said condensates; the 
condensates C2 are at a temperature Sufficient for correct 
functioning of the unit and it does not prove necessary to 
deaerate the condensates C2; 

0075 the condensates C2 can be preheated and mixed 
with the condensates C1 downstream of the exchanger 
for preheating the condensates C1; this variant is pref 
erably used when the condensates C2 originating from 
the CPU unit are at a pressure above or equal to that of 
the condensates C1 after the pumping of said conden 
sates; the condensates C2 are not at a temperature Suffi 
cient for correct operation of the unit and it does not 
prove necessary to deaerate the condensates C2; 

0076 the condensates C2 can be pumped, preheated 
and mixed with the condensates C1 downstream of the 
exchanger for preheating the condensates C1; this vari 
ant is preferably used when the condensates C2 origi 
nating from the CPU unit are at a pressure below that of 
the condensates C1 after the pumping of said conden 
sates; the condensates C2 are not at a temperature Suffi 
cient for correct operation of the unit and it does not 
prove necessary to deaerate the condensates C2. 

0077 According to one advantageous variant of the pro 
cess, when a column for washing with water—operating at a 
pressure of between 1 and 100 bar(a) is used to wash the 
PSA offgas stream, it will be possible to recover the impurity 
loaded liquid at the bottom of this column and to recycle it, 
with the condensates C2 of the CPU, into the circuit for 
vaporizing the condensates C1. This step of washing the PSA 
offgas with wateris added in particular when a large reduction 
in methanol and in ammonia is desirable in the CPU. 
0078 If a high purity regarding the export steam is 
required, the demineralized water is not mixed entirely with 
the condensates C1 and C2, and the export steam is entirely 
produced from demineralized water in a dedicated circuit, 
while at least one part of the steam intended for the mixing 
point is produced in a circuit distinct from the highly pure 
steam circuit, from the condensates C1 and C2. 
0079 If a low purity regarding the export steam is suffi 
cient, all of the demineralized water is mixed with the con 
densates C1 and C2, such that the export steam, like the steam 
intended for the mixing point, is produced from the mixture of 
the condensates C1, the condensates C2 and the demineral 
ized water. 
0080 According to another aspect of this invention, the 
latter relates to a facility for producing hydrogen by reform 
ing hydrocarbons using steam, combined with carbon dioxide 
capture and steam production, comprising at least: 

I0081 (i) means for mixing the hydrocarbons to be 
reformed with steam so as to produce the feedstock for 
the reforming, 

I0082 (ii) a reformer for the reforming of a synthesis gas 
comprising essentially hydrogen, carbon monoxide and 
also excess steam, carbon dioxide, residual methane, 
water and impurities from the mixture resulting from 
Step a). 

I0083 (iii) at least one heat exchanger for cooling the 
Synthesis gas, 

I0084 (iv) at least one shift reactor for steam conversion 
of the CO contained in the cooled synthesis gas resulting 
from the exchanger (iii), 

I0085 (v) at least one heat exchanger for cooling the 
synthesis gas enriched with H and CO produced by the 
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shift reactor (iv) by indirect heat exchange to a tempera 
ture of about ambient temperature, at least below or 
equal to 60° C., preferably below or equal to 40°C., so 
as to produce a saturated synthesis gas and condensates 
C1, 

I0086 (vi) a separator for separating the condensates C1 
from the Saturated synthesis gas resulting from the 
exchanger (v), 

0.087 (vii) a unit for hydrogen purification by pressure 
Swing adsorption for treating the synthesis gas resulting 
directly or indirectly from step (vi) and producing a 
stream of hydrogen having a purity of at least 99% and a 
stream of offgas containing at least 40% of CO, 

I0088 (viii) a CPU unit for treating the PSA offgas 
stream produced by the PSA unit (vii) and producing at 
least one stream of purified CO and at least one stream 
of non-condensables, 

I0089 and also means for treating all or part of the conden 
sates C1 from the separator (vi) and comprising at least 

0090 (ix) a valve for reducing the pressure of the con 
densates C1 to a pressure of between 1 and 5 bar(a), 
preferably between 1 and 2 bar(a), 

0.091 (x) a deaerator in order to eliminate a part of the 
gases dissolved in the condensates C1, 

0092 (xi) a pump for pumping the condensates C1 at a 
pressure of between 15 and 90 bar(a), preferably 
between 25 and 70 bar(a), 

0.093 (xii) a heat exchanger for preheating the conden 
sates C1 underpressure at a temperature of between 150 
and 290° C., preferably between 200 and 280°C., 

0094 (xiii) a heat exchanger for vaporizing the conden 
sates C1 under pressure at a temperature of between 200 
and 300° C., preferably between 220 and 290° C., so as 
to produce a stream of impure steam, 

0.095 (xiv) means for recycling the impure steam to step 
a) so as to be mixed with the hydrocarbons to be 
reformed, 

0096 and also means for producing steam intended for 
export, comprising a steam production circuit, and also at 
least: 

0097 (XV) means for feeding a circuit of steam associ 
ated with the process with demineralized water alone or 
mixed with the condensates C1, 

0.098 (xvi) a heat exchanger for preheating the water, 
0099 (xvii) a heat exchanger for vaporizing the pre 
heated water against the synthesis gas originating from 
the reforming in a waste heat boiler, preferably between 
220 and 280°C., so as to produce a stream of steam, 

0.100 (xviii) means for recycling a part of the steam to 
step a) so as to be mixed with the hydrocarbons to be 
reformed, 

0101 (xix) means for making steam available for 
export, characterized in that, since the CPU unit also 
produces at least one stream of condensates C2, the 
facility also comprises means for recovering and recy 
cling the condensates C2 so as to be treated together with 
condensates C1. 

0102 Advantageously, the facility for producing hydro 
gen by reforming hydrocarbons using steam, for capturing 
carbon dioxide and for producing steam, also comprises 
means for mixing the condensates C2 with the condensates 
C1 placed before the deaerator of the condensates C1, and 
also, if required, a pump for pumping the condensates C2 
prior to the mixing thereof with the condensates C1. 
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0103) According to another variant, the facility for pro 
ducing hydrogen by reforming hydrocarbons using steam, for 
capturing carbon dioxide and for producing steam, comprises 
means for preheating the condensates C2, means for mixing 
the preheated condensates C2 with the condensates C1 placed 
before the deaerator of the condensates C1, and also, if 
required, a pump for pumping the condensates C2 prior to the 
preheating thereof and the mixing thereof with the conden 
sates C1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0104. These and other features, aspects, and advantages of 
the present invention will become better understood with 
regard to the following description, claims, and accompany 
ing drawings. It is to be noted, however, that the drawings 
illustrate only several embodiments of the invention and are 
therefore not to be considered limiting of the inventions 
Scope as it can admit to other equally effective embodiments. 
0105. The FIGURE shows an embodiment of the present 
invention. 

DETAILED DESCRIPTION 

0106 Other characteristics and advantages of the inven 
tion will emerge on reading the description which follows. 
One embodiment of the invention is represented therein in the 
single FIGURE, and described hereinafter by way of nonlim 
iting example. 
0107 The FIGURE thus presents a scheme for a process 
for producing hydrogen according to the invention with sepa 
rate productions of steams of distinct qualities in two distinct 
circuits. 

0108. A stream 1 of natural gas (GN) is sent to the mixing 
point 2 so as to be mixed there with two streams of steam 22 
and 27 produced in the process. The mode of production of 
these two streams of steam will be described subsequently. 
The stream 3 resulting from the mixing constitutes the feed 
stock feeding a steam methane reforming (SMR) module 4. 
the gas produced 5 is a synthesis gas comprising essentially 
hydrogen H and CO, but also CO., CH, water and impuri 
ties; the gas 5 is cooled by heat exchange with water, first in 
the waste heat boiler 6 where the water is vaporized and then 
via a cooling module 6b comprising two heat exchangers in 
parallel, then feeds the conversion module 7, thus producing 
a synthesis gas enriched with H and CO and depleted of CO 
compared with the gas 5 produced by reforming, and also 
containing additional impurities generated during the conver 
sion—of about 65% to 85% of H. 11% to 22% of CO, 0.5% 
to 6% of unconverted CO and 3% to 10% of CH 
0109 The synthesis gas is then cooled in 8 by heat 
exchange against water, in particular against demineralized 
water 18, to a temperature below or equal to 60° C., more 
generally below or equal to 40°C., allowing partial conden 
sation of the water present in the synthesis gas and also of 
certain condensable impurities. The Saturated synthesis gas 9 
is separated from the liquid fraction 10 consisting of the 
impure process condensates C1 (i.e. loaded with impurities 
entrained with the water). 
0110. The synthesis gas 9 is then sent at 11 to the H. PSA 
unit which produces at least one gaseous stream of highly 
pure (greater than 99%) hydrogen, and also a residual gas 12 
which for its part contains all the carbon dioxide, the vast 
majority of the unconverted methane and of the unconverted 
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carbon monoxide, and a large part of the nitrogen and hydro 
gen, the quality of which depends on the yield from the H 
PSA. 

0111. The residual gas 12 is sent at 13 to a CPU unit for 
separation of the CO, the CPU unit producing at least one 
stream 14 of CO, a gaseous stream 15 rich in hydrogen H2 
which is recycled so as to feed the HPSA in order to recover 
the hydrogen contained and to thus improve the overall 
hydrogen yield of the facility, a stream 16 of non-condens 
ables comprising methane, hydrogen, carbon monoxide, non 
condensed carbon dioxide, nitrogen and water, constituting 
the CPU offgas which is recycled as reforming fuel to the 
reforming module 4, and a liquid stream 17 made up of the 
CPU condensates C2; produced in the CPU unit, at least 
partly at the compression/drying stage which precedes the 
first CO condensation step, these CPU condensates (conden 
sates C2) contain predominantly water and also dissolved 
impurities, for instance methanol, aqueous ammonia and 
amines. By application of the process of the invention, the 
condensates C2 are recycled so as to be treated with the 
process condensates C1. 
0112 More specifically, the stream 10 of the process con 
densates C1, the stream17 of the CPU condensates C2 and an 
additional stream of water 19 taken from the external supply 
of demineralized water 18 and heated by heat exchange with 
the synthesis gas in the heat exchanger 8 are combined so as 
to form a stream 20 containing water and the impurities 
contained in the two streams of condensates C1 and C2. The 
resulting stream 20 is treated in the deaerator 21 then heated 
by heat exchange against the synthesis gas in one of the two 
heat exchangers of the synthesis gas cooling module 6b and 
vaporized against the flue gases F in the convection Zone of 
the reforming module 4, thus forming the stream of impure 
steam 22. This impure Steam containing the impurities con 
tained in the condensates C1 and C2 feeds the mixing point 2. 
0113 Alongside this circuit for producing dirty steam, the 
process of the FIGURE makes available highly pure super 
heated steam for the specific needs of the process and for the 
production of export steam H2O(V). This second steam pro 
duction circuit, distinguished from the impure Steam circuit, 
operates in the following way. The second part 23 of water 
taken from the external supply of demineralized water 18 is 
heated against the synthesis gas in the exchanger 8, treated in 
the deaerator 24, then heated by heat exchange against the 
synthesis gas in the second heat exchanger of the module 6b, 
and vaporized in the boiler 6, thus forming the stream of 
steam 25. This stream of highly pure Steam passes through the 
convection Zone of the reformer where it recovers additional 
heat from the flue gases F: it is separated into two parts, one 
of them constitutes the Superheated highly pure export steam 
26, the second forms the stream of steam 27 sent to the mixing 
point 2. 
0114 While the invention has been described in conjunc 
tion with specific embodiments thereof, it is evident that 
many alternatives, modifications, and variations will be 
apparent to those skilled in the art in light of the foregoing 
description. Accordingly, it is intended to embrace all Such 
alternatives, modifications, and variations as fall within the 
spirit and broad Scope of the appended claims. The present 
invention may suitably comprise, consist or consist essen 
tially of the elements disclosed and may be practiced in the 
absence of an element not disclosed. Furthermore, if there is 
language referring to order. Such as first and second, it should 
be understood in an exemplary sense and not in a limiting 
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sense. For example, it can be recognized by those skilled in 
the art that certain steps can be combined into a single step. 
0115 The singular forms “a”, “an and “the include plu 
ral referents, unless the context clearly dictates otherwise. 
0116 “Comprising in a claim is an open transitional term 
which means the Subsequently identified claim elements area 
nonexclusive listing (i.e., anything else may be additionally 
included and remain within the scope of "comprising). 
“Comprising as used herein may be replaced by the more 
limited transitional terms “consisting essentially of and 
“consisting of unless otherwise indicated herein. 
0117 “Providing in a claim is defined to mean furnish 
ing, Supplying, making available, or preparing something. 
The step may be performed by any actor in the absence of 
express language in the claim to the contrary. 
0118 Optional or optionally means that the subsequently 
described event or circumstances may or may not occur. The 
description includes instances where the event or circum 
stance occurs and instances where it does not occur. 
0119 Ranges may be expressed herein as from about one 
particular value, and/or to about another particular value. 
When Such a range is expressed, it is to be understood that 
another embodiment is from the one particular value and/or to 
the other particular value, along with all combinations within 
said range. 
0120 All references identified herein are each hereby 
incorporated by reference into this application in their entire 
ties, as well as for the specific information for which each is 
cited. 

1-13. (canceled) 
14. A process for producing hydrogen by reforming hydro 

carbons using steam, combined with carbon dioxide capture 
and steam production, the process comprising the steps of: 

a) mixing the hydrocarbons to be reformed with Steam so as 
to produce a feedstock for reforming; 

b) reforming the feedstock under conditions effective to 
produce a synthesis gas comprising hydrogen, carbon 
monoxide and also excess steam, carbon dioxide, 
residual methane, water and impurities from feedstock; 

c) cooling the synthesis gas; 
d) generating a synthesis gas enriched with H2 and CO by 

steam conversion of the CO contained in the cooled 
synthesis gas resulting from step c): 

e) cooling the synthesis gas enriched with H2 and CO 
resulting from step d) by indirect heat exchange to a 
temperature of about ambient temperature, at least 
below or equal to 60° C., so as to produce a saturated 
synthesis gas and a first condensates; 

f) Separating the first condensates from the Saturated Syn 
thesis gas resulting from e); 

g) treating the synthesis gas resulting directly or indirectly 
from step f) in a unit for hydrogen purification by pres 
Sure Swing adsorption, so as to produce a stream of 
hydrogen having a purity of at least 99% and a stream of 
offgas containing at least 40% of CO: 

h) treating the stream of PSA offgas resulting from step g) 
in a cryogenic purification unit (CPU) unit producing at 
least one stream of purified CO and at least one stream 
of non-condensables, 

i) treating all or part of the first condensates resulting from 
the process, wherein step i) further comprises the steps 
of: 

k1) reducing the pressure of the first condensates to a 
pressure of between 1 and 5 bar(a): 
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k2) passing the first condensates through a deaerator in 
order to eliminate a part of the gases dissolved in the first 
condensates; 

k3) pumping the first condensates at a pressure between 15 
and 90 bar(a): 

k4) preheating the first condensates under pressure at a 
temperature between 150 and 290° C.; 

kS) vaporizing the first condensates under pressure at a 
temperature of between 200 and 300° C., so as to pro 
duce a stream of impure steam; 

k6) recycling the impure Steam to step a) so as to be mixed 
with the hydrocarbons to be reformed; and 

j) producing highly pure steam intended for export, 
wherein step j) further comprises the steps of: 

V1) feeding a steam circuit associated with the process with 
demineralized water alone or mixed with the first con 
densates; 

V2) preheating the water, 
V3) vaporizing the preheated water against the synthesis 

gas originating from the reforming in a waste heat boiler 
So as to produce a stream of Steam; 

V4) recycling a part of the steam to step a) So as to be mixed 
with the hydrocarbons to be reformed: 

V5) making steam available for export; 
whereintreatment Steph) also produces at least one stream of 
second condensates, and the second condensates are recov 
ered and recycled into the process upstream of step kS) of 
vaporizing the first condensates. 

15. The process as claimed in claim 14, wherein the second 
condensates—having been previously pumped if required— 
are mixed with the first condensates before the deaeration of 
the first condensates. 

16. The process as claimed in claim 14, wherein the second 
condensates—having been previously pumped if required— 
are preheated and then mixed with the first condensates 
before the deaeration of the first condensates. 

17. The process as claimed in claim 14, wherein the second 
condensates—having been previously pumped if required— 
are mixed with the first condensates after the deaeration but 
before the pumping of the first condensates. 

18. The process as claimed in claim 14, wherein the second 
condensates—having been previously pumped if required— 
are mixed with the first condensates after the deaeration and 
the pumping but before the preheating of the first conden 
SateS. 

19. The process as claimed in claim 14, wherein the second 
condensates—having been previously pumped if required— 
are mixed with the first condensates after the preheating of the 
first condensates. 

20. The process as claimed in claim 14, wherein the second 
condensates—having been previously pumped if required— 
are preheated and then mixed with the first condensates after 
the preheating of the first condensates. 

21. The process as claimed in claim 14, wherein, since 
washing with water is carried out on the PSA offgas stream, 
the impurity-loaded liquid stream produced is recycled into 
the process upstream of step kS) of vaporizing the first con 
densates. 

22. The process as claimed in claim 14, wherein only a part 
of the demineralized water of step V 1) is mixed with the first 
condensates. 

23. The process as claimed in claim 14, wherein all the 
demineralized water of step V 1) is mixed with the first con 
densates. 
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24. A facility for producing hydrogen by reforming hydro 
carbons using steam, combined with carbon dioxide capture 
and steam production, the facility comprising: 

(i) means for mixing the hydrocarbons to be reformed with 
steam So as to produce the feedstock for the reforming; 

(ii) a reformer for the production of a synthesis gas com 
prising essentially hydrogen, carbon monoxide and also 
excess steam, carbon dioxide, residual methane, water 
and impurities from the mixture resulting from Step a); 

(iii) at least one heat exchanger for cooling the synthesis 
gaS 

(iv) at least one shift reactor for steam conversion of the CO 
contained in the cooled synthesis gas resulting from the 
exchanger (iii); 

(v) at least one heat exchangerfor cooling the synthesis gas 
enriched with H and CO, produced by the shift reactor 
(iv) by indirect heat exchange to a temperature of about 
ambient temperature, at least below or equal to 60°C., so 
as to produce a saturated synthesis gas and the first 
condensates; 

(vi) a separator for separating the first condensates from the 
Saturated synthesis gas resulting from the exchanger (v); 

(vii) a unit for hydrogen purification by pressure Swing 
adsorption for treating the synthesis gas resulting 
directly or indirectly from step (vi) and producing a 
stream of hydrogen having a purity of at least 99% and a 
stream of offgas containing at least 40% of CO: 

(viii) a cryogenic purification unit (CPU) unit for treating 
the PSA offgas stream produced by the PSA unit (vii) 
and producing at least one stream of purified CO and at 
least one stream of non-condensables, 

and also means for treating all or part of the first condensates 
from the separator (vi) and comprising at least 

(ix) a valve for reducing the pressure of the first conden 
sates to a pressure of between 1 and 5 bar(a): 

(X) a deaerator in order to eliminate a part of the gases 
dissolved in the first condensates; 

(xi) a pump for pumping the first condensates at a pressure 
of between 15 and 90 bar(a): 
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(xii) a heat exchanger for preheating the first condensates 
underpressure at a temperature of between 150 and 290° 
C.; 

(xiii) a heat exchanger for vaporizing the first condensates 
underpressure at a temperature of between 200 and 300° 
C., so as to produce a stream of impure steam; 

(xiv) means for recycling the impure steam to step a) So as 
to be mixed with the hydrocarbons to be reformed; and 

means for producing steam intended for export, comprising a 
steam production circuit, and at least: 

(XV) means for feeding a circuit of steam associated with 
the process with demineralized water alone or mixed 
with the first condensates; 

(Xvi) a heat exchanger for preheating the water; 
(Xvii) a heat exchanger for vaporizing the preheated water 

against the synthesis gas originating from the reforming 
in a waste heat boiler so as to produce a stream of steam; 

(Xviii) means for recycling a part of the Steam to step a) so 
as to be mixed with the hydrocarbons to be reformed; 
and 

(XiX) means for making steam available for export; 
wherein since the CPU unit also produces at least one stream 
of second condensates, the facility also comprises means for 
recovering and recycling the second condensates so as to be 
treated together with the first condensates. 

25. The facility as claimed in claim 24, further comprising 
means for mixing the second condensates with the first con 
densates placed before the deaerator of the first condensates, 
and also, if required, a pump for pumping the Second conden 
sates prior to the mixing thereof with the first condensates. 

26. The facility as claimed in claim 24, further comprising 
means for preheating the second condensates, means for mix 
ing the preheated condensates C2 with the first condensates 
placed before the deaerator of the first condensates, and also, 
ifrequired, a pump for pumping the second condensates prior 
to the preheating thereof and the mixing thereof with the first 
condensates. 
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