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Summary

The Methaforming process converts a wide range of low octane 
naphtha streams with methanol into a high-octane gasoline 
blendstock. The process yields low benzene content and can 
handle feeds containing up to 1000 ppm of sulfur, removing up 
to 90 % of sulfur without the need for external hydrogen.

• Methaforming uses a proprietary zeolite catalyst in a 
process flow similar to naphtha hydrotreating. 

• Methaforming yields and octane numbers are comparable 
to isomerization + continuous catalyst regeneration (CCR) 
reforming. 

• Methaforming is a one-step process that can replace 
naphtha desulfurization, reforming, isomerization and 
benzene removal thereby reducing costs to as little as a 
third of the levels of conventional technologies.

In Methaforming, low-octane naphtha streams are contacted 
with our proprietary zeolite-based catalyst and methanol or 
another co-feed (e.g. ethanol or light olefins from FCC dry 
gas) at 350-390oC and 3-10 atm. Methanol is dehydrated in 
an exothermic reaction releasing the methyl radical which 
alkylates benzene into toluene and converts other aromatics 
into alkyl-aromatics. Normal paraffins and naphthenes are 
converted into aromatics in an endothermic reaction. Unlike 
reforming, Methaforming can tolerate sulfur content of up to 
1000 ppm in the feedstock. Special feed preparation for sulphur-
containing streams is usually not necessary. Also, feed olefins 
do not significantly impact the catalyst’s activity or lifetime. The 
product from a Methaformer is rich in high-octane isoparaffins 
and aromatics, low in benzene and olefins, and can be blended 
directly into the gasoline pool.

For refiners with low octane naphtha streams, Methaforming 
provides a highly profitable upgrade solution, with value uplift 
frequently exceeding $200 per ton, and sometimes reaching 
nearly $400 per ton. It requires minimal feed preparation and 
can be implemented with approximately 1/3 of the capital 
outlay and operating costs of traditional methods of naphtha 
processing. Additionally, the process can be implemented by 
retrofitting an idle hydrotreater or semi-regenerative reformer 
into a Methaformer. The first commercial Methaformer went 
into operation in June 2017.

Methaforming advantages:

•  Make high-octane low-benzene 
gasoline via one-step process

•  Use a wide range of naphtha feeds
•  Remove 90% of sulfur from feed
•  Get a $200-400 per ton value uplift

Methaforming process parameters:

•  Temperature of reactor inlet: 350-390oC

•  High-pressure separator: 3-10 atm  

•  Space velocity, liquid volume: 0.7 – 1.5 h-1 
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Process Description  

Most refineries upgrade naphtha using isomerization and 
reforming. The feeds need to be hydrotreated to remove sulfur 
before reforming or isomerization, so several units are required 
to achieve the required gasoline specifications. Methaforming 
requires only one unit, reducing both capital and operating 
costs. The general process scheme consists of the Methaforming 
reactor and the product stabilization column. 

The Methaforming reactor is a multi-stage fixed-bed adiabatic 
reactor with methanol injection at each catalyst bed. In the 
upper part of a bed, predominantly exothermic reactions occur, 
mainly dehydration of methanol. Endothermic reactions occur 
throughout the catalytic bed. The total thermal effect is slightly 
endothermic or exothermic depending on the ratio of methanol 
to naphtha. The exothermic dehydration of oxygenates is faster 
than the endothermic dehydrogenation of naphthenes and 
normal paraffins, so the temperature in each catalyst bed rises 
and then declines. Methanol is injected at multiple stages of the 
reactor to minimize temperature gradients. This increases the 
selectivity of the process and enhances the life of the catalyst 
and time between regenerations. 

While methanol is the primary oxygenate used in the 
Methaforming process, other oxygenates (e.g. [bio]ethanol) 
can be used with or instead of methanol. Also, light olefins 
such as those contained in the FCC dry gas can be used with or 
instead of methanol. This possibility makes Methaforming a 
very attractive choice for refineries with oxygenate or olefin-
rich streams such as ethanol and FCC gas. 

Another important distinguishing feature of Methaforming is 
that the catalyst contains no precious metals. In most analogous 
processes, the precious metals of the catalysts result in higher 
expenses due to direct cost of the metals and the additional 
process requirements driven by the sensitivity of these catalysts 
to poisons and high temperatures.

Flash	

Stabilizing	
Column	

Methaformer		
reactor	
3	-	10	atm		
370	oC	

Methanol	
25%	

Naphtha	feed	
35	-	180	oC	

Water	

Fuel	gas	
H2,	H2S	

LPG/C4	fracEon	

Methaformate	
High	octane	

<1.3%	benzene	
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Scalability and Performance 

The simplicity of the Methaforming process ensures its 
scalability across a wide range of naphtha feedstocks. Lab plant 
testing has been conducted for over five years with the process 
demonstrating excellent performance on full range naphtha, 
light naphtha, condensate, FCC naphtha, LPG, FCC olefin-rich 
gas and pyrolysis gasoline. The tests were conducted in three lab 
units with reactor sizes of 10 mL, 100 mL and 2 000 mL. A 5 700 
tons per year (155 bpd) unit has been launched into commercial 
operation in June 2017.
 
The graphs on the left demonstrate the impact of the operating 
parameters of the Methaforming process on the example of 
pyrolysis gasoline as the main feed with methanol as the co-
feed. The specific results, e.g. the yields and octane numbers, 
can be significantly different with other feeds, but the overall 
relationships between the results and the operating parameters 
remain valid for other feeds. Also, while the description below 
refers to methanol co-feed without reference to other potential 
co-feeds, the corresponding statements hold true for other 
possible co-feeds as well: 

• Increasing the temperature of the process increases octane 
but lowers yield. At higher temperatures, aromatization 
reactions are favored, leading to the production of a higher 
volume of aromatics in the product and hence higher octane 
number. 

• Increasing methanol fraction in the feed increases both 
yield and octane number. For the other factors, namely 
temperature, pressure and space velocity, optimal 
processing conditions is a compromise decision on either 
increasing yield or octane number. 

Based on parametric studies, optimal processing conditions 
have been determined for several feeds including full range 
naphtha, light virgin naphtha, FCC naphtha, raffinate from 
aromatic extraction and a number of non-standard feeds. 

Extensive testing has shown that Methaforming can be used to 
process most naphtha feeds in the C4-C10 range into high-octane, 
low-olefin and low-benzene gasoline blendstock. 

Methaforming can be easily adapted to manage the quantity of 
aromatics in the product by tuning process parameters.

Typical yields of Methaformate obtained from processing full 
range naphtha are between 83 - 93% depending on process 
parameters. 
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Table: Standard yields for the Methaforming of Full Range Naphtha from our test library 

FEED
True boiling point range ° С IBP-150
PONA wt. % 65 /1 /25 /9
RON/MON  75/61
Total Sulfur ppm 180.0

PROCESS PARAMETERS
Т (reactor inlet) ° С 360
Pressure atm 5
Space velocity: liquid hourly, W h-1 1.20

BALANCE
Feeds   
Methanol mt 0.283
Naphtha feed mt 1.000
Ethanol mt -

Ethylene mt -
Total mt 1.283
Products   
Methaformate (С5+ + 3% C4) mt 0.926
LPG (90% C3 + 10% C4) mt 0.082
С4 pure mt 0.103
Fuel gas (produced less consumed) mt (0.003)
Hydrogen mt 0.001
Water mt 0.159
RF & L mt 0.015
RON/MON  90/81
Total mt 1.283
Added value 
(based on December 2016 US Gulf Coast long range prices)

$ 236

Lab unit with a 2 liter reactor Lab unit with a 100 ml reactor
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Process Chemistry

Naphthas from different sources vary greatly in their 
hydrocarbon composition and therefore in the ease of 
conversion in isomerization and reforming, as well as in 
Methaforming. The composition of the product stream and 
the ease of conversion depend on the mix of paraffins, olefins, 
naphthenes and aromatics of the feedstock. Methaforming will 
convert most of the normal paraffins, naphthenes and olefins 
while retaining most of the isoparaffins. The resulting product 
is rich in aromatics (30-45% depending on process parameters) 
and dual branch isoparaffins.

Methaforming aromatizes normal paraffins while retaining most 
of the high-octane isoparaffins. 

As a rule, Methaforming converts over 72% of the normal 
paraffins while retaining more than 70% of the isoparaffins. 
Naphthenes are reduced through dehydrogenation and 38% of 
the product is made up of high-octane aromatics.

Methaforming avoids benzene while increasing the yields of 
toluene, xylene and C9 aromatics. 

There are numerous chemical reactions that occur during the 
Methaforming process. Some of these reactions are highlighted 
on the left of this and the next page. 

Upon contact with the zeolite catalyst, methanol yields a 
methyl radical. The methyl radical can react with itself to yield 
ethyl radical which can ethylate aromatic groups or be further 
converted to higher olefins and aromatics. The methyl radical 
can also directly react with aromatics present in the feed to 
form high-octane alkyl aromatics.

Apart from the alkylation of aromatic rings, methanol itself is 
converted into a mix of high octane aromatics, naphthenes and 
paraffins. A simplified reaction pathway is described at the end 
of this section on the next page. Every step in the pathway is an 
equilibrium reaction and hence the products of the conversion 
process will depend on process parameters. 

Olefins in the feedstock follow a conversion pathway similar to 
methanol. Newly formed aromatics can be further alkylated; 
paraffins and naphthenes can be further converted to 
isoparaffins and aromatics. 

Paraffins are converted into aromatics and isoparaffins. 
The aromatization of paraffins occurs through intermediate 
formation of cycloalkanes.

Example
Naphtha feed, 
% wt

Product 
(Methaformate), 
% wt

Benzene 1.0 0.9

Toluene 2.4 6.9

C8 aromatics 3.0 16.0

C9 aromatics 1.6 8.4

C10 aromatics 0.6 2.4

C11 aromatics 0.1 2.5

C12 aromatics 0.0 0.9

Total 8.7 38.0

n-Paraffins

Naphtha Methaformate

24.3

100% wt. 100% wt.
7.0

i-Paraffins

1.4

2.7

Olefins

41.0

29.3

Naphthenes 24.6

23.0

Aromatics 8.7

38.0
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Naphthenes in the Methaforming process undergo 
dehydrogenation, yielding aromatics.

Methaforming has an extended catalyst life cycle because the 
catalyst, unlike analogues, is tolerant to steam and sulfur. The 
expected lifetime of the catalyst is 5 years with a run length 
between regenerations of a month. Also, due to the properties 
of the catalyst, the content of fused-ring aromatics (e.g. 
naphthalene) in the product remains below 0.5%. 
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Process Economics 

For new plant applications, the major benefit of Methaforming 
is its cost. Both initial capital cost and operating costs of 
Methaforming are lower than in the traditional sequential way 
to make the same product: hydrotreatment, isomerization, 
catalytic reforming and benzene reduction. 

Methaforming is a green technology with very low greenhouse 
gas (GHG) emissions, especially when used with such co-feeds 
as FCC dry gas or bio-ethanol. In the USA, the refining industry 
is the third largest producer of greenhouse gas emissions 
(Plagakis, 2013). These emissions come from traditional refining 
infrastructure including furnaces, boilers, steam reforming 
process for hydrogen generation etc., with firing of furnaces 
and boilers accounting for 65% of total refinery CO2 emissions 
(Elgowainy et al., 2014). As explained above, Methaforming is a 
one-step process, using an adiabatic multi-bed reactor with no 
need for hydrogen. The Methaforming process configuration 
and chemistry yield better heat management and consequently 
lead to a significant reduction in GHG emissions. 

Methaforming yields and associated octane numbers of the 
product can be comparable to a combined isomerization 
and CCR reforming, and can be significantly better than 
isomerization with semi-regen reforming. As a result, 
Methaforming offers a low-cost approach to improve yields 
and to debottleneck gasoline production for existing semi-
regen reformers. This yield advantage is worth $57 million a 
year at a retrofit cost of about $20 million for a 20k bpd (860k 
tpa) unit. The retrofit can be done at the associated naphtha 
hydrotreater with the major cost being replacement of the 
existing reactor with two larger ones. 
 
Refiners with fluid catalytic cracking units (FCC) can further 
increase Methaformer profitability by $100 per ton by using 
light olefins from the FCC dry gas to replace the methanol in a 
Methaformer. For example, a 50k bpd (2m tpa) FCC produces 
enough ethylene to replace about a quarter of the methanol 
in a 25k bpd (1m tpa) Methaformer generating added value of 
more than $20 million a year.

Several use cases are described below.
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Use case 1: Grassroots Methaformer to Upgrade Light Virgin 
Naphtha
The conventional solution to upgrade light virgin naphtha is to 
use isomerization, possibly with recycle. The refiner will need 
to factor in energy costs of recycle and ensure that the feed 
is free of sulfur. The presence of sulfur in the feed typically 
requires hydrotreating naphtha before the isomerization 
unit. An alternative is using Methaforming. Typical light virgin 
naphtha (LVN) contains C5, C6 and C7 in a ratio of 50/40/10.  The 
multi-branch isoparaffins in the LVN are relatively unreactive in 
Methaforming. The naphthenes are converted into aromatics 
and alkyl aromatics as discussed earlier. Further, the use of FCC 
dry gas as a co-feed for a Methaformer is very economically 
attractive. The FCC dry gas contains up to 20% wt. of ethylene, 
which is the key intermediate product of the Methaforming 
process. The net economic comparison of the two approaches 
for a 10k bpd (380k tpa) plant is illustrated in the table on the 
left. 

Methaforming is clearly the better choice in this use case as 
it gives $12 million higher annual profit and has a $20 million 
lower capital expenditure than the alternative. 

Use case 2: Grassroots Methaformer to Process Raffinate and 
Dry FCC Gas
For a refiner with 60 RON raffinate from aromatics extraction, 
the traditional choice is to blend the raffinate into the gasoline 
pool. This obviously reduces the pool’s octane number. 
Raffinate contains mostly paraffinic hydrocarbons which in a 
Methaformer would convert into high octane isoparaffins and 
aromatics. This stream, which includes C6 to C10 hydrocarbons, 
may be processed in a Methaformer with attractive economics. 
Methaforming of the raffinate can be done with methanol, 
or with dry FCC gas instead. FCC dry gas is often used as fuel 
gas and in such case is an inexpensive feed. Table on the left 
compares these two choices for a 2k bpd (88k tpa) unit.

New 10k bpd unit (380k tpa)
Methafor-
ming with 
FCC dry gas

Alternative 
(isom with 
recycle)

∆ Metha-
forming— 
Alternative

Yields, 
$MM/yr

120 110 10

OpEx, 
$MM/yr

4 6 -2

CapEx, 
$MM

30 50 -20

Total NPV 
at 12%

860 750 110

New 2k bpd unit (88k tpa)
Methafor-
ming with 
FCC dry gas

Alternative 
(blend into 
gasoline)

∆ Metha-
forming— 
Alternative

Yields, 
$MM/yr

89 60 29

OpEx, 
$MM/yr

2 0 2

CapEx, 
$MM

17 0 17

Total NPV 
at 12%

575 408 167
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Convert a 20k bpd unit (860k tpa)
Methafor-
ming

Semi-regen 
reformer

∆ Metha-
forming— 
Alternative

Yields, 
$MM/yr

206 149 57

OpEx, 
$MM/yr

7 14 -7

CapEx, 
$MM

20 0 20

Total NPV 
at 12%

1330 920 410

Use case 3: Upgrade existing semi-regen reformer
A semi-regenerative reformer has lower yields than either 
a CCR reformer or Methaformer. This provides an economic 
opportunity for conversion. However, the capital cost for 
replacing a semi-regen with CCR is substantial. On the other 
hand, the semi-regen reformer may be very economically 
converted into a higher yield Methaformer. This approach 
may involve retrofitting the naphtha hydrotreater in front of 
the semi-regen reformer into a Methaformer by adding dual 
reactors and additional piping for the co-feed (methanol, 
ethanol or FCC dry gas). Based on Methaforming pilot plant 
testing on full range naphtha, the expected economics for the 
conversion of a 20k bpd (860k tpa) semi-regen reformer into a 
Methaformer are shown in the table on the left. 

Use case 4: Grassroots Methaformer instead of a traditional 
naphtha processing suite
The traditional complete naphtha processing suite includes 
hydrodesulphurization (HDS), catalytic reforming and 
isomerization units, and sometimes a benzene removal unit. 
A refiner looking to build or expand its reforming capacity can 
opt for a grassroots Methaformer over the traditional suite. 
Methaforming has a remarkably lower CapEx. This is achieved 
because Methaforming is a one-step process with a simple fixed 
bed reactor, using fewer units and requiring lower operating 
costs.

A 20K BPD (860k tpa) Methaformer shows better profitability. 
With $14 million lower annual operating costs and $4 million 
better yields, its profit margin advantage is $18 million per year. 

New 20 K bpd unit (860 K tpa)
Methafor-
ming

Alternative 
(combined 
process)

∆ Metha-
forming— 
Alternative

Yields, 
$MM/yr

206 202 4

OpEx, 
$MM/yr

7 21  - 14

CapEx, 
$MM

50    156   - 106

Total NPV, 
$MM

1 300 1 080 220
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Conclusion

The results obtained from hundreds of pilot runs show that 
Methaforming of low octane streams (Light virgin naphtha, 
Full range naphtha, non-standard low-value refinery naphtha 
streams) presents an opportunity and an alternative solution 
to improve the value of these streams. The proprietary zeolite 
catalyst used in the process is tolerant to feed sulfur up to 1000 
ppm, and to process steam. 

Methaforming runs under relatively mild operating conditions 
in a process similar to hydroprocessing. The reactor design 
and process parameters ensure that Methaforming can be 
deployed with minimal technical risks, either by revamping 
an idle hydrotreater or reformer, or by building a grassroots 
Methaformer. The Methaforming process flow is similar to a 
hydrotreater except that methanol is used instead of hydrogen. 
Since hydrotreaters and reformers as well as other fixed bed gas 
phase processes have well established reactor designs, there are 
low technical risks associated with implementing Methaforming. 
The process is further simplified because there is no recycle 
compressor. Also, the process configuration has no reheat 
furnaces, leading to energy savings and reducing the carbon 
footprint. 

Currently, NGTS is overseeing the initial operation of the first 
commercial greenfield Methaformer built as a standalone 
plant. The 0.5 m3 reactor processing 155 bpd (5.7k tpa) of a 
condensate feed, located in Russia, has been launched recently 
to validate the predicted yields and scale up factors of the 
process. The plant is expected to generate income because of 
favorable Methaforming economics, giving more than $200 per 
ton uplift on initial feeds. 
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Appendix. Yield and Economics of the First 
Commercial Methaformer 

The first commercial Methaformer has been designed for 
flexibility in the choice of feeds, including various naphtha-
boiling range main feeds and oxygenate co-feeds. 

After extensive experimentation with various feeds and process 
parameters, our client elected to use a condensate containing 
50 ppm of sulfur as the main feed, and a co-feed that is a 
waste stream from the production of butyl alcohol. The latter 
stream includes 20-40 wt. % of methanol, 20-30 wt. % of mixed 
ethers, and 10-20 wt. % butanol and isobutanol. The usage of 
that stream, in part due to its low cost, has allowed our client 
to attain a value uplift of up to $ 397 per ton of processed 
condensate.

However, we recognize that while using such streams can be 
extremely valuable in specific local conditions, they are non-
standard and as such can not be easily compared to the streams 
readily available to other refiners. To this end, we chose to 
demonstrate the yields and economics of our first commercial 
unit with standard methanol co-feed.

Below and on the next page is a representative example 
showing the yields of Methaforming the condensate used by 
our client as the main feed, with methanol as the sole co-feed.
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8.6	

39.4	
39.1	

18.1	1.6	

1.8	
32.1	

32.0	

18.0	
7.9	

n-Paraffins

Feed

100% wt.* 100% wt.*

Methaformate

i-Paraffins

Olefins

Naphthenes

Aromatics

*        Including 0.6% (feed) and 0.8% (product) unidentified substances.

56% of n-Paraffins converted to Aromatics.

16% of single-branch isoparaffins converted to 2+ 
branches.

+12.5% olefins.

54% of naphthenes converted to aromatics.

4.6x increase in overall aromatics content while 
keeping benzene low (from 0.8% in the feed to 1% in 
the product).
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First commercial Methaformer: Yields for Methaforming condensate with methanol

FEED
True boiling point range ° С IBP-160
PONA wt. % 50 /2 / 39 / 9

PROCESS PARAMETERS
Т (reactor inlet) ° С 360
Pressure atm 5
Space velocity: liquid hourly, W h-1 1.86

BALANCE
Feeds Price, 

USD per ton
Value, 
USD

Methanol mt 0.207 400 (83)
Condensate feed mt 1.000 773 (773)
• Sulfur content ppm 50

• RON 79

Total mt 1.207 (856)
Products
Methaformate (С5+ + 3% C4) mt 0.834 1 084 904
• Sulfur content ppm 5
• RON 95

LPG (90% C3 + 10% C4) mt 0.148 661 98
С4 pure mt 0.094 800 75
Fuel gas (produced less consumed) mt (0.004) 250 (1)
Hydrogen mt 0.004 1 706 7
Water mt 0.116 (10) (1)
RF & L mt 0.015 - -
Total 1.207 mt $ 1 082
ADDED VALUE (Gross Margin) $ 226



How to Bring Methaforming to Your Refinery: Next Steps
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Developing	a	PTP	Tes/ng	on	actual	feed	Yield	modeling	

Using your data on detailed 
composition of proposed feed, 
we will model the yields and 
composition of the product 
stream.

Your time (no charge).

As a rule, within a week.

What will 
happen

Cost to you

Typical 
time

We will run your proposed 
feed(s) on our test reactor to 
confirm the predicted yields 
from a Methaformer, and 
will write a report about the 
resulting yields and economics. 
You are invited to witness all 
or any part of the pilot plant 
testing. 

$ 10k for 5 tests and a report.

Depends on number of sam-
ples, usually within four weeks 
from getting the feed in our lab.

Using your information 
about the proposed location, 
infrastructure and the 
adjacent equipment of the 
site, knowing the feed and 
the yields, we will develop 
a preliminary technology 
package (PTP), ready for 
your preferred engineering 
partner.

Depends on capacity and 
location.

To be discussed.

Synthesis

For contact information, see ngt-synthesis.com



First commercial Methaformer: a $226 per ton 
($25 per barrel) value uplift
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Including the costs for fuel gas, RF&L, and water utilization, and revenue from H2.

Economics of the first commercial methaformer 
$ per ton of condensate

ngt-synthesis.com

For more details on the yields and economics of the first commercial methaformer, see pages 11 and 12.
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