
REFINING DEVELOPMENTS 

Alternative technologies to 
steam-methane reforming 
Consider these different processes to 
produce hydrogen and carbon monoxide 

B. M. Tindall and M. A. Crews, Howe-Baker 
Engineers, Inc., Tyler, Texas 

S team-methane reforming (SMR) has been the con­
ventional route for hydrogen and carbon monox­
ide production from natural gas feedstocks. How­

ever, several alternative technologies are currently 
finding favor for an increasing number of applications. 
The competing technologies include: 

• Steam-methane reforming combined with oxygen 
secondary reforming (SMR/02R) 

• Autothermal reforming (ATR) 
• Thermal partial oxidation (POX). 
Each of these alternative technologies uses oxygen as 

a feedstock. Accordingly, if low-cost oxygen is available, 
they can be an attractive alternate to SMR with natural 
gas feedstocks. Low-cost oxygen is now available in many 
large industrial sites where a large air separation plant 
already exists or can be economically in tailed. (Note 
that, unlike ammonia plant technology, air cannot be 
used in place of oxygen since the nitrogen would dilute the 
hydrogen/carbon monoxide product.) 

SMR. This technology essentially consists of a fired 
heater containing catalyst-filled tubes (Fig. 1). Steam i 
added to the natural gas feedstock. The mixture i then 
preheated to about l ,050°F and passed through catalyst 
tubes. The catalyst converts the gas mixture to hydro­
gen, carbon monoxide and carbon dioxide. The reaction is 
endothermic, with heat supplied by burners located adja­
cent to the tubes. The reaction mixture exits the reformer 
at about 1 600 F. Combustion gas heat is recovered in 
the convection section. A more detailed SMR description 
and process parameters associated with its de ign are 
described by Tindall and King. 1 

SMR/02R. This essentially consists of an SMR followed 
by an oxygen secondary reformer (Fig. 2). The oxygen 
reformer is a refractory-lined vessel containing catalyst 
and a burner. The SMR reaction mixture is fed to the 
oxygen reformer 's top where it is mixed with oxygen f~d 
through the burner. Partial oxidation reactions occur m 
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a combu!'ltlOn zone ju t below the burner. The mixture 
then passe through a cataly-t bed \\ here reforrmng reac­
tion occur. Ga exit, at about 1,900 F. 

ATR. A typical ATR i:-, ho,\n in Fig. 3. It i imilar to an 
oxygen :,econda.t") refonner except it doe:, not receive feed 
from an MR. In tead, it i fed direct!} with a natural 
ga team mixture that I mixed directly with oxygen 
from a burner located near the ves el' top Again, partial 
oxidation reaction occur in a combu tion zone JU t below 
the burner. The mixture then pa e. through a cataly t 
bed where reforming reaction occur. The gas exit at 
about 1,900 F. 

POX. A typical POX reactor i . hown in Fig. 4. It 1s im­
ilar to an ATR, except it doe not contain cataly t and 
doe not reqmre team in the feed. It i fed directly with 
natural ga that i mixed directly with oxygen from a 
burner located near the ve el's top. Partial oxidation 
and reforming reactions occur in a combu. t1on zone below 
the burner. Ga exit at about 2,500 F. 

Products. Exit gas from the different reactors consists 
of hydrogen, carbon monoxide, carbon dioxide, steam and 
residual methane. Small quantitie of nitrogen and argon 
from the original feedstock may also be present. This 
exit ga mixture is typically proce ed to yield one or 
more of the e products: 

• High-purity hydrogen 
• High-purity carbon monoxide 
• A hydrogen/carbon monoxide gas mixture. 
If only hydrogen is required , the plant becomes a 

hydrogen plant. If only CO is required, the plant become 
a carbon monoxide plant. If both hydrogen and carbon 
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monoxide are required a eparate treams, the plant 
i typically known a a HYCO plant. If only a h ydro­
gen/carbon monoxide mixture i required, the plant i 
typically known a a ynthe i ga (or ynga ) plant. 
And if all three product are required, the plant i con-
idered a combination (hydrogen/carbon monoxide/ yn­

ga l plant. 

H2 /CO ratio . A key variable in the de ign of the e 
plant i the product H:/CO ratio. For HYCO and syn­
ga plant , the product Hi/CO ratio typically varies 
from 1.0 to about 3.0. But for hydrogen plant , the ratio 
1 almo t infinite. And for carbon monoxide plant , the 
ratio i e . entially zero. 

Natura l ratio ran ge. Each technology produces 
inherently different H2' 0 ratios. The natural ratio range 
is defined a the ra nge of ratios that can be achieved by 
varying only the CO2 recycle. atura l ratio range for 
each technology are shown in Fig. 5, as applicable to nat­
ural ga feedstocks. Other feedstocks will produce a dif­
ferent set of natural ratios. A seen in Fig. 5, ra nge for 
natural gas are as follows: SMR-3.0 lo 5.0; SMR/O2R-
2.5 to 4.0; ATR- 1.6 to 2.65; POX-1.6 to 1.8. 

ote that some ranges are broader than others and 
that some ranges do not overlap. The technology that 
offers a natural ratio that s pa ns the required product 
ratio is considered to have an inherent advantage and 
merits careful consideration. 

CO2 recycle is the typical means of tailoring the nat­
ural ratio span to meet a desired HJCO product require­
ment. As noted earlier, COi 1s pre ent in all reactor eITTu­
en ts. Since CO2 is considered an impurity, it must 
typically be eliminated. In most designs, CO2 is removed 
from the process gas by selective adsorption in a suit-
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Fig. 5. Natural H/CO ranges for natural gas feed. 

abl_e sohcnl, such as an amine solution co:.! IS then 
stn~pcd from the solvent as a separate stream. <Syn­
the 1s gas for methanol plants typicall} retains. ome or 
all COi. Thi. 1s a pecial case that 1s outside the. cope 
of this article.! 

The separate CO2 stream can be rcmo\ed from the 
y tern or r ec}cled to the reactor. If 1t 1s recycled, CO2 

can be converted to O in the reactor by the reverse 
water-gas hift reaction . This reduces the fmal H:t O 
ratio because carbon atoms m the onginal 0 .. are con­
verted to CO. On the other hand, if CO;.1, i not recycled, 
the H i O ratio increases because the carbon atom· m the 
original CO2 are not converted to CO. <CO, that 1s not 
recycled i typically vented to the atmosphe~e; however, 
ometime it i sold as a byproduct.! 

The natural H2. CO range for each technology repre-
ents the prcad between full CO2 recycle and no O;i 

recycle. By operating with partial recycle, any H~ 0 
ratio within the natural range can be achieved. But as 
noted earlier, ome of the natural ratio ranges do not 
overlap. Hence, for a given product H~ 0 ratio, at lea, t 
ome of the technologie will require additional ratio 

adjustment to meet product requirement . Fortunately, 
a number of proce techniques are a,·ailable to do this 
The technology's viability will depend on the economic of 
u ing the e technique . 

Common technique· for decrea ing the ratio below its 
natural range include importing CO2, usmg a membrane 
or u ing a cold box. To increase the ratio, common tech­
nique include increasing :;team in the reactor feed or 
adding a hift converter. The:-;e technique , along w1th 

0 2 recycle, are ummarized in Table 1. 
Import CO2. The H;i,CO ratio can be decrea ~ed by 

importing CO:,i as reactor feed. Import 0 2 is added to 
the CO2 already being recycled. The carbon atom in the 
import CO2 can then be con\'erted to CO by the re\'erse 
water-gas shirr reaction. 

Me mbrane . The II.,,CO ratio can also be decreased 
by u ing a membrane ~nit. Hydrogen i5 removed from 
the membrane as a permeate stream, which reduces the 
H/CO ratio of the main proce5S stream. 

Cold box. This is often used to separate hydrogen 
a nd carbon monoxide into a high-purity O stream and 
an H2-r ich tream. This reduces the ratio to near zero 
with respect to the CO stream. The H2-nch tream may 
undergo further purification !typically in a P A unit) to 
yield a high-purity H2 stream. This increa es the ratio 
to near infin ity with respect to the H2 tream. 

Table 1. Techniques for H2/CO ratio adjustment 

Decreases Increases 
ratio ratio 

Recycle CO2 X 
Import CO2 X 
Use membrane X 
Remove CO2 X 
Increase steam X 
Add shift converter X 
Use cold box see note 

N•,t, A COid b< ,x d creases the ra110 w,1h ,-t to CO and ncreases the rallO w,t~ 
r8$p8(;t to H ,-

Table 2. H2/CO ratio summary, natural gas feed 

Import CO2 Total CO2 No CO2 Increase Add shrft 
or membrane recycle recycle steam converter 

SMR <3.0 >5.0 -1nf1nity 
SMR/O2R <2.5 '.., u >4.0 >5.0 
ATR <1.6 , 6 265 >2.65 >3.0 
POX <1.6 , 6 1 8 >1.8 >2.0 

Blue letten show the na1ura1 ratoo range 
A COid box can also be used It can reduce the ra110 to essentially zero w th respect to co 
And on combna1oon w,th a PSA unot ,t can oncrease the rallO 10 ,-lrlflnrty witll respect 10 H,-

team. Adding team to the reactor convert. CO to 
H, by the water-ga • hift reaction, which mcrea e the 
H i O ratio. 

hift converter. This is a catalvtic reactor that cat­
alyze conver ·1on of CO to H2 b) the· water-ga h1ft reac­
tion. This tep can be u ed to mcrea e the H2' 0 ratio 
to a vel") high value. It 1 ,.,,;dely u ·ed m hydrogen plants. 

Table 2 summarize the range achievable b} each 
technology by u mg these technique . Typically, the tech­
nology' vrnbilit) decrea e with the magnitude of the 
added tep neces ar} to achieve a required product 
H i CO ratio. 

Other con ideration . As previously tated, the e 
ratio are ba ed on natural ga feed tock . If heavier 
feedstocks are u ed. the ral10 "ill be lower becau e the 
feed hydrogen-to-carbon ratio ,, 111 be lower. 

The above ratio:; a re based on typical reformer outlet 
temperature and pre ures for each technology. Reformer 
outlet temperature are typ1call) et by the re 1dual 
methane requirement. Reformer outlet pre ure are 
typically el by com pre 10n requi rement . ome de ign 
nexibihty often ex1 t between the e limit·. However, 
,,1thin the normal range of nex1b1hty, the H_ CO ratio 
does not change appreciably with reformer outlet tem­
perature or pressure. Hence, for a g1Ven de ·1gn, 1t i nor­
mally impractical to achieve a ::;1gnificant change in 
H.! CO ratio by varying reformer outlet temperature or 
pre:-- ures. In. tead , the technique. discm;.ed above hould 
be used. 

If it i, impractical for a given technology to achieve 
the de ired ratio b) the techniques discus ed above, then 
exec • H i or CO can be burned as fuel m the MR I for 

MR and MRJO2R plant:;) or in the proce heater I for 
ATRor POX plant·). Ifnece sary, the proce· heater can 
be expanded to include a -econd radiant ection to permit 
burning of excess product by generating steam. Alter­
natively, a package boiler can be u::-ed to burn exce ' ga 
and generate team. 

Comparisons. Table 3 1s a compari on of key proce 
advantages and disadvantage for the technologie under 
consideration for hydrogen/carbon monoxide plant with 
natural ga feed tock . ote that while the oxygen 
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n•qu1n•nwnt 1-. -.h11\\ n ,l'- ,\ dt,,Hh ,1ntagt'. it rn,t_\ not lw in 
c:.bL', "hl'n' Jo,\ -l'o::-t O\._\ ,.:L'll 1-. ,1, ,ulabll'. 

Process parameters. KP_\ pnx·ess parameter::- and ft•t•d­
,tock reqmn•mL•nh for l'.tt'h tt•chnology include pn•::-::-u re. 
tempt.•ratun•. -.tL•,un carbon rat10, methant• shp, ra,\ mate­
nals and e,port ,tt•,1111 

Pre ure. '.\[o,t ''.\(R pl.1nts run ,1t reforme r out let 
prt•s::-un--. bt•t,wen 150 and -100 p::-1g. The ma:....1mum pres­
sure 1s about 500 ps1g. due to metallurgical com,1dC'ra­
t10n.., 10 thl' ~MR outlet p1prng. The ::-ame a pplte::- to 

MR.O2R plant::-. This limits the final product gas prcs­
ure to about .tflO ps1g Above this. product ga::- compres­

~ion 1s required ATR and POX plants can run a t much 
higher pre::-sure:,; For c,ample. -;ome plantl:- require syn­
thesi-. ga at about ' 00 p::-1g, "hich can be ::-upplt ed 
d1rectl_\ from an ATR or POX \\ 1thout syn the ·1s gas com­
pression 

Temperature. '.\IR planb typically run a t reforme r 
outlet temperature-. of 1.550 F to 1.600 F MR O2R and 
ATR plants t_\ p1cally run at outlet temperature· of 
1,750 F to 1.900 F And POX planu, typically run at about 
2,500 F The rugh POX temperature 1 needed to mamtrun 
lov .. re 1dual methane without any cataly -t. 

team/carbon ratio. team i typically requ ir ed 
to pre\'ent carbon formation on the reformer cataly ' L 

Table 3. Process technology comparison, natural gas feed 

Advantages 
SMR 
1. Largest number of units in commercial operation; more 1ndustnal 

expenence. 
2. Does not require oxygen. 
3. Reforrmng step runs at lowest process gas outlet temperature 

( 1,600 F). 
4. Best natural H/ CO ratio (3 to 5) tf only hydrogen Is to be produced. 

SMR/0 2R 
1. O2R outlet gas contains less residual methane than SMR. Favors 

plants wrth higher syngas punty requirements. 
2. Reduces size of SMR. 
3. Methane content of process gas can be tailored (by adJusting 

O2R outlet temperature) to meet downstream process requirements 
(for example to satisfy a methane-wash cold box matenal balance 
or to more closely match a methane Impunty spec In a syngas prod­
uct). 

ATR 
1. Natural H2'CO ratio Is often favorable (1.6 to 2.65). 
2. Runs at lower oullet gas temperature than POX. 
3. Low residual methane in process gas. 
4. Methane content of process gas can be tailored (by ad1usting 

ATR outlet temperature} to meet downstream process require­
ments (tor example to satisfy a methane-wash cold box matenal 
balance or to more closely match a methane Impunty spec In a syn­
gas product}. 

POX 
1. Does not require feedstock desulfunzat1on. Thrs Is more a differ­

ence than an advantage, since the sulfur must eventually be 
removed anyway. 

2. Does not require steam. Since there rs no catalyst bed, carbon for­
mation can be tolerated, and so a POX 1s typically operated w1th­
ou1 steam. This significantly lowers the CO2 content of the reac­
tor exit gas. 

3. Residual methane in process gas Is very low (typically 0.3 mol pct 
max, dry basts}. 

4. Natural H2'CO ratio rs inherently low (1.6 to 1.8). Therefore, an 
advantage 1f the required ratio is low. 
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Table 4 . Natural gas and oxygen requirements, U.S. 
Gulf Coast CO plant 

Units per 1,000 set CO product 
SMR SMR/02R ATR POX 

Net natural gas·. 
MMBtu LHV 

Oxygen import, lb 
0.729 
0 

0.724 
14 2 

0.531 
56.5 

0.509 
58.7 

In< 1udea cred,t for e.cess hydrogen at fuel vat ... All cases ba~ed on full CO recycle 

The :;team requ ll"cnwn t 1s gt>nernlly c , prcssed as the 
:ileam h.' d rocarbon-carbon (:i team h eel ratio. This iH 
the ratio of molcl:- of s t am to moll's of hydrocarbon-car­
bon in the feed (ca rbo n in a n y CO:.! r ecycle is not 
included m tht' ratio ca lculat1on l. MR a nd MR/O2 R 
pla nts t) p1call) use a 3 1 s t a m/hcc r a tio for no O :.i 
recycle a nd a 2 1 r a tio whe n a ll the CO:.! is recycled . 
A lowe r rat io can be u ·cd with O:.! recycle ince lh 
CO2 ma kes some H2 by the wat r-gas shift reaction . 
For pa rtial recycl ', a rat io between 3/1 a nd 2/ 1 i ty p-
1cally used . 

ATR pla nts can op rate at a lower ratio, often a bout 
1.35, with or \\ ithout CO2 recycle. POX pla nt require 
no team. ome POX oot i formed , but ince lhe re is 
no cata ly · t . there i no po ibility of cata ly t bed plug­
ging. With proper de ign a nd ope ration , oot can be pro­
ce ed a nd removed in the down tream equipment with-

Dis.advantages 

1. Natural ratio Is higher than typically required when carbon monox­
ide Is also to be produced. 

2. Highest atmosphenc emIssIons. 

1 . Requires two-step reforming. 
2. Operates at higher process gas outlet temperature than SMR. 
3. Requires oxygen. 

1 . L1m1ted commercial experience. 
2. If total CO2 recycle Is required, the corresponding CO2 recycle rate 

Is much higher than POX. 
3. Requires oxygen. 

1. Natural H2'CO rat,o Is inherently narrow (1 .6 to 1 .8). Disadvantage 
1f the required ratio Is above about 2.0. 

2. Reforming step operates at very high temperature ( 2,500°F). 
3. Methane content of process gas is inherently low and cannot 

easily be tailored to meet downstream process requirements. 
4. Requires oxygen. 
5. Makes carbon (soot}. 
6. Requires complex heat recovery section to handle the high tem­

perature and the soot. 
7. Licensed process with royalty and significant third party involve­

ment. 
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out ,1fli.•t·t11H! tlw plant on-.tn•,1m t111w. 
l ethane :..lip. E,1t J.!,b f rom l',tl'h n•,1ctor contain-. 

:,,Ollll' n•-.1du,tl nwtha1w from unn•,tl'll'd natural g,i-. fl•l•d. 
Thi, 1-. t, picall) n •f"l' ITl'd to ,h nw tha1H' ,lip A lo\\ 
ml•th,uw -.Ii p 1ncn•a:-l'" t lw -. , ntlw-.b ga, product punt\ 
It al,o n•dul'l'::- tlw nawral g,i... n•qutrl'mt•nt ' :\!Rs t) p­
icall) haH· ,l rel,ll1H•ly h igh rm tha1w -.lrp ·3 to , mol' , 
d~ b,1sis l. Thi-. 1:-. prim:u;J) ht•t·aust' tht• ._':\IR operate::- at 
a lc)\\er outll•t temp<.•rattrrt• Otlwr tt•chnoloh"ll'..., opt•mt<.' at 
highl•r outlet tt•mperature-. and generally ha\'e lo\\ ::-lrps 
10.3 to 0.fl moJ<,. dr) basi:-. ). 

If a nu tham•-wa::-h cold bo, t-. ust•d. t) picall) a 
methane slrp of at least 1 to 2 mo)' 1s required to matn­
taJO the bo,·, metham• lt•,el Thi-.,.., not a problem for 
an :\IR de-.ign because th methane -.lrp i::- con-.1derabl) 
more than this Ith al,o ea::-tl) achieH•d by th<' :\1RO2R 
and ATR de-.1gn-. h) -.1mpl) reducing the reactor outl<'t 
temperature Ho\\e\'er. th1::; methane le\l•l 1s more diffi­
cult to achieve" 1th a POX. ,111ce, in the ab-.ence of a cat­
al.) st, a high temperature and a corrcspondrng lo" 
methane slrp should be maintained to ensure cons1::;tent 
performance 

Raw material . Xatural gas and oxygen are the two 
maJor ra,, matenal, For each technoloro. the quanti­
ties required mu:-t be con::;1dercd on a ca::;e-by-ca::;e ba::;1 , 
~ince they depend on the H_ CO requirement for each 
application. For example. the product H_ 0 ratio may 
require that CO2 be recycled or vented. dependmg on the 
ratio and technology. If the required H_ CO product ratio 
i 2.0. then all the O .! i~ recycled m an MR or :\IlvO2R 
de,1gn (Fig 5 . part of the O _ 1:; recycled rn an ATR 
design and no O _ 1 recycled JO a POX de. ign. 

The extent of O _ recycle change the ra, .. matenal 
requirement for a gn·en technology. becau~e. 1f CO2 

i \'ented. 1t-. contained carbon and oxygen are not 
recovered 

To provide a ha. i:, of comparn,on, a de 1gn can be 
con idered where all the CO_ 1:; recycled for each tech­
nology. Referring to Fig. 5, th1 would normall} occur for 
de 1gn • for a Hz/CO product ratio le" than 1.6 A typ­
ical de 1gn meetmg th1 ~ requirement would be a O­
only plant IH_ 0 ratio of zero ). For uch a de ign, we 
have recentlJ compared all four technologie for a pro­
po ed C. Gulf oa t plant. For thi plant, natural 
ga and oxygen requirements are in Table 4. The nat­
ural ga. requirement . hown 1 the net requirement on 
a heating value ba i and include credit for exce ~ 
hydrogen at fuel value. CFor th1 plant, all the tech­
nologie produce exce hydrogen mce O i the only 
required product and there 1 no reqmrement for prod­
uct hydrogen. l 

For implic1ty, l\1R and M&O2R are referred to 
a MR-ba ed technolog1e becau e the MR I the 
dominant component ATR and POX are called oxygen­
ba ed technolog,e becau e the partial ox1dat1on reac­
tor i the dommant component. From Table 4, note that 
natural ga requirement fo r MR-ba ed technologie 
are about the ame. ote al ·o that natural gas require­
ment for oxygen-ha ed technologie are about the 
same. However, the oxygen-ha ed technologie • reqmre 
only about 70Cf as much natural ga as the MR-based 
technologie . 

The natural ga requirement i lower for oxygen-based 
technologie becau e mo t of the oxygen in the feed reacts 

\\tlh rnrbon 1n the natural ga:- to form carbon mono\.lde 
The O\.ldat10n rl'al'l ion is, tlwn•f'on• , mon' t-111ctt•nt fo, 
tlw form.,tion of" carbon mono,1dt•. "h1eh ts the clt•s11·t•cl 
product for this pl,rnl. 

Anotlwr n•,hon for tlw l<l\\er n,1tural gas n •qu1n• 
nwnt ts that. for tlw o,ygt•n-hnst•cl tt•ehnologws, n•qu1red 
lwat for rc.1ct1on 1s applH'd clin•t·tly to proct•ss gas 111 

tlw rt',\Ctor, t•sst•I Thi::- i::- mon• l'nl•rg_y t•ffic1t•nt than 
tht' Sl\lR-bast•d tt•chnologit'S. \\ h1ch n•qutn' a tempera­
ture drl\ 111g force lwl\\C't'n the• combustion gas and the.• 
1n-tubt• process gas 

\\'1th respect to o, .H~l'n consumption, th o,ygen 
n•qu1rcment for the MR 1s obv1ousl_y zero. F'or the 
... :\1R.,O2R. tlw o,ygcn requirement ts about 25', of that 
for thl' ATR or P X The TR and P X oxygen require­
ments are about the same This 1s e,pccted since both 
technolog1e, use the amc direct combustion process 
and, for the t•,ampl<' plant, both technologies recycle a ll 
the O.! and produce e::-::-cntially the :-.amc H2 0 prod­
uct ratio. 

Export team. For the example plant, e,port steam 
1s relat1\'elJ lo,\ smce e,ce s hydrogen is not burned 
"1thin the plant to make export t eam. Accordingly, 
export steam for the MR, MR/O2R and POX averaged 
only about 150 lb per 1,000 scf of O and any differences 
were not considered significant. However, the ATR export 
steam , .. a Jes. than half this value becau e the energy 
requirement for the COrremoval ystem is larger. 

Economic considerations. The economics of each tech­
nolog} depend on the condition and requirement of 
each project, and mu t be tudied on a ca e-by-ca e ba is. 

ome of the more important con iderations follow. 
Oxygen availability. The availability of oxygen is 

obviously a key parameter. ince the MR requires no 
ox'Ygen, 1t i. the obviou choice if oxygen i unavailable or 
prohibitively expen ive. tudie indicate that oxygen­
ha ed technologie can be attractive if oxygen i avail­
able at le than about $25 hort ton. If oxygen co t 
more than about 30 ton, SMR i favored. The oxygen 
price can be Jes than 25 ton in large indu tria l ite 
, .. here a large air separation plant already exist or can 
be economically in tailed to erve the area' need . Hence, 
JO such ca e , oxygen-based technologie merit e rious 
con 1derat1on. 

Hydrocarbon feedstock. With natural ga , all tech­
nologie are technically viable. However, if the feed­
stock 1s a heavy hydrocarbon (such a fuel oil or vac­
uum bottoms), POX is the only viable technology. Thi 
1 • becau e the other technologies cannot proce •. feed­
stocks heavier than naphtha (to avoid carbon deposi­
tion on the cataly t). 

HiCO ratio. The importance of the product H;./ 0 
ratio ha a lready been exten ive ly discussed. As previ­
ou ly -tated, the technology that ofTer, a natural ratio 
spannrng the requi red product ratio has an inherent 
advantage and mu t be :eriously considered. 

Natural gas price. Since MR-based technologie 
directionally require more natural gas, they a re favored 
by low natural ga prices 

Capital cost. MR-ba cd technologies typically have 
a higher capital cost. This is because the SMR furnace, 
with its high-alloy tubes and la rge flue-gas heat-recovery 
ection, i inherently more expensive than ATR or POX 
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·ngyour 
throughput up. As marltet-driven plants become increasingly cost 
comcious with tighter margins, many ore successfully ottocking relia­
bility and maintenance issues. The results of lower maintenance costs 
and higher capacities hove significant effects on profitability. 

Partner with an industry expert. HSB Reliability Technologies 
is recognized for documented successes in the fieid of maintenance 
and reliability. Our depth of talent and expertise in the petrochemical, 
power and paper industries is unmatched. And our fees ore more 
than offset by measurable dollar improvements. 

Select the level of assistanc. required. Whether you need to 
benchmc:n mainlenonce proficiencies, deYelop optimum PM tasks 
and frequencies, restructure organizations or implement brood moin-
j 111na11c:e imp cwement efforts, HS8 is one of the largest single-source 
~iers of engineering and maintenance consulting services. 

....... ---------···-·· ...... 9Cl1 ............ ,..,.., ....., -. You .... --,,..... ...,..111 llullw we....._, Industry 
•••=-.■-Ia-••••• 1111., our erc1,11a1ta1 proclucts and ■-wlces. 

Cal .... _,II ., , .,,, ., 
~/JIMIN"5 ■1,.,." ..... ... .. 
....... c. .... ,,. ..... ... . 

6442 City West Porlcwoy 
Eden Pro1ne, M1nnesolo 55344 

(612) 943-8868 Circle 105 

1901 North Beauregard Street 
Alexandria, Virginia 22311 
(703) 671 -3800 

-
technologies which an' rC'fractory-lincd rarbon-slccl ves­
sels , .. ithout c,tl'rnal nu<'-gas twat recovery. 

An l\IR hns a lo,,cr capital cost than a n SM R/02R 
when the opera ting prl'ssurc is rl'lalively low. At low 
pres urc, most of th<' n•form111g occun, 111 the SMR, and 

1 the 02R docs nol s1gnificantly rl'ducc the SMR's size. 
But at higher pressures, an SMR 02R ca n cost less, 
because more of the reforming 1s done in the 02R, and 
the 1R's size can often be s1gnificanlly reduced. 

ATR and POX technologi 'S have offsetting capital 
cost , depending on the ex lent of CO2 recycle. For fu ll 
CO2 recycle, the 0 2 removal system is much larger for 
the ATR than the POX and the added capital cost asso­
ciated with this difference lends to make lhe ATR more 
expen · ive. However, for no 0 2 recycle, the ATR tends 
to co t le than the POX because it reactor and heat­
recovery section a re inherently less expensive, and it 
doe not carry any th ird party royalty. 

Ba ed on the above, the following conclusions can be 
drawn: 

1. The MR/02R, ATR and POX technologies can be 
attractive iflow-co t oxygen i available. 

2. For competing technologies, the Hi CO product ratio 
is typically the mo t important process parameter. 

3. For low methane lip, the SMR/02R, ATR and POX 
technologie are favored. 

4. For full CO2 recycle, POX is usua lly better than 
ATR. 

5. Relative to POX, the ATR is a nonlicensed technol­
ogy that avoids third-party involvement. 

6. Economics of each technology are dependent on the 
conditions and requirements for each project and must be 
evaluated on a case-by-case basis. 
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