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Modular designs can take advantage of new intensification strategies that reduce the size of chemical processes

A modular steam methane reforming (SMR) hydrogen production process is addressed that combines heat transfer from

combustion and an endothermic reaction into a microchannel reactor

Only guidelines for the operation at the laboratory scale (pair of parallel microchannels) are available in the known

literature [3]

Operability analysis is used to study the operation of the microchannel design when scaled up from laboratory to a

commercial modular scale

The operability analysis also accounts for perturbations in the natural gas composition and checks the disturbance ranges

that the design is capable of handling
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SMR produces hydrogen from steam and methane through the mechanism shown below [2]

The conventional SMR process contains a pre-reformer (R-101), a SMR furnace (F-101), and a water gas shift reactor

(R-102) [2]

The Modular SMR process combines R-101, F-101, and R-102 into one microchannel reactor F-101 [2]. The

combined process was modeled in Aspen Plus

The elements of operability analysis are AIS, DOS, AOS, and EDS. The available input set (AIS) can be operational inputs (manipulated variables) or

design inputs. The desired output set (DOS) represents the desired output region (controlled variables). The achievable output set (AOS) is the set of

all controlled variables the system can achieve from all of the AIS and EDS. The EDS is the set of expected disturbances for the system [1]
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Lab scale pair of microchannels used as basis for design [3]

This design was scaled up to about 6,000 microchannels using information from the lab scale design [3]. The nominal

point from this scale up is shown below

The input/manipulated variables are the natural gas flowrate entering the system, u , the split fraction of natural gas sent

to the reactor over combustion, u , and the steam flowrate into the system, u . The output/controlled variables are overall

methane conversion, y , hydrogen produced, y , and the required heat efficiency, y . The mole fraction of methane in

natural gas is considered the disturbance, d

Operability analysis was then used to see how to operate this scaled up design

The AIS was selected by expanding the nominal inlet values

The DOS was selected using the expectation that heat efficiences would increase to between 95% to 100% while

maintaining high methane conversion and similar hydrogen production

Using the above sets, the input-output mapping was generated in the Operability App in MATLAB [1] connected to

Aspen Plus
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Using this mapping, the operating regions were selected for each input variable as follows: natural gas inlet flow rate

(kmol/h) [19.11 25.33], split fraction of natural gas (%) [73.33 80], and steam inlet flow rate (kmol/h) [70 85]

The new operating point was determined to be in the middle of this region and is shown below

This new operating point was then tested to see how it handles disturbances in the methane composition in the feed. The

operability index represents the achievability of each disturbance case
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The design was successfully scaled up to commercial modular scale

The new operating point utilizes 37% less fuel than the nominal point. It also operates at much higher heat efficiency

while maintaining similar hydrogen production

In regards to feed pertubations, as the methane concentration decreases, the achievability decreases; however, small

changes in the methane concentration have little to no effect on the achievability

The design is flexible enough to handle disturbances in the feed concentration as low as 70%; however, it is much harder

to control at the lower levels of methane
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