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The Reforming capacity in the majority of the older Ammonia plants is constrained by a 
combination of factors. The Secondary Reformers in most of those Ammonia plants are 
underutilized due to a shortfall in the process air capacity. To compensate this, the Primary 
reformers are usually pushed to their limits in an attempt to maximize Ammonia production, 
which mostly results in sub-optimal conditions. The sub-optimal operation of the Primary 
Reformer not only results in sacrificing the energy efficiency but also the maximum attainable 
Ammonia production which is perhaps not realized by most of the plant operators.  

This paper highlights a new cost-effective and efficient approach to offload the Primary 
Reformer to raise the overall reforming capacity for additional Ammonia production. The new 
approach uses a combination of two schemes: a ‘Multistage Integrated Chilling (MIC)’ and/or 
‘Multistage Chilling (MC)’ scheme along with a ‘Heat Integrated Split (HIS) Flow’ scheme for 
the Process Air Compressor (PAC). This combination not only increases the PAC capacity up 
to 115% without any expensive upgrade of the PAC and also minimizes air pressure drop 
along with maximum process air preheat despite the space-constrained convection section. 
The additional process air capacity does not need any additional power or any modifications 
of PAC and its driver.  

To fully realize the benefit of increased Reforming capacity, the Synloop capacity may 
need to be upgraded to balance and maximize the Ammonia production. Additional Ammonia 
production coupled with reduced Reformer firing and driver steam consumption per ton of 
Ammonia provides savings with attractive returns.    

A comprehensive study carried out by KPI for a large Ammonia plant operating in a stretched capacity 
mode with all three major compressors near to their maximum speed limits and also Reformer ID/FD fans 
operating at their design limits with their dampers fully open. Using a combination of MIC & HIS schemes, 
increased the process air mass flow rate to 114% without any modifications of PAC and other major 
compressors, ID/FD fans, burners or radiant coils. Some minor modifications in the convection section 
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were needed. This resulted in substantial increase in overall reforming capacity with significant reduction in 
the inert level. To realize the full benefit of increased reforming capacity,   
Ammonia production of 112% with an improved energy efficiency of 3 MMBtu/ST without any modifications 
of the major compressors.  
The results of this Case study are briefly discussed with a focus on the Reforming section including MIC 
and HIS schemes to upgrade the process air capacity. 

KEY BOTTLENECKS IN REFORMING SECTION 
Revamping the stretched Ammonia plants for any reasonable increase in capacity and/or energy efficiency 
poses a huge economic and practical challenge.  
The Reforming capacity in the majority of the older Ammonia plants is constrained by any combination of 
the following limitations: 

• Limiting Burner firing, Bridge-wall temp, Tube metal temp   

• Longer Flame length and shape resulting in tube licking or impingement 

• Wider Temperature excursions in Radiant box   

• Excessive air Leakage in the combustion air preheater resulting in  
 Limiting Combustion air flow & FD fan damper fully open  
 Limiting Draft & ID Fan damper fully open   

• Limiting Convection Coil surface & preheat with no addition practically viable  

• Limiting Process Air Compressor (PAC) Capacity  
 Reached maximum volumetric limit and speed 
 Actual efficiency being lower than design 
 Higher ∆P through the suction filter and intercoolers  
 Higher ∆P through piping and in downstream equipment  
 Higher than the design suction temperature 
 Insufficient Intercooling cooling due to CW flow or temperature limitations  

• Limiting Process hydraulics for any additional throughput for various reasons: 
 High ∆P or equipment load limits 
 Higher than the design S/C to compensate for other limitations   
 Higher methane slip due to limiting process air 

• Other site-specific factors including seasonal & day/night temperature variations 

AMMONIA PLANT CASE STUDY 
A comprehensive study of a large Ammonia plant was carried out by KPI for capacity and energy 
improvements. The reference Ammonia plant had been stretched to its operating limits at about 1800 stpd 
with the following constraints in the Reforming section including the Process Air Compressor: 

• Process Air Compressor near its maximum design speed (~103.6%) 

• Low Process Air temperature (~130ºF below normal design) 

• Low Secondary exit temperature (~75ºF below normal design) 

• Higher methane slip from the Secondary reformer (+0.45% over normal) 

• Higher S/C ratio in Primary (~3.4) to lower the methane slip    

• ID/FD fan dampers fully open 

• Low Mixed feed preheat temp (~ 40ºF below normal design) 

• Lower Superheat steam temperature (~85ºF below normal design)  

• Very high heat flux (~133% over normal) * 
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• Higher Feed preheat temperature (~95 ºF over normal) 

• Excessive Combustion air leakage from the rotary APH (~15%) 

• Limited convection HT surface with no extra space to add any more coils 
* The actual tube metal temperature (TMT) survey was taken at different levels which closely matched 

with the simulated results.  

Additional limits in the balance of the plant included: 

• Both Syngas & Ammonia Compressors at 100% & 102.8% speeds  

• High inerts in MUG due to high methane & CO2 slippages 

• Inefficient Synloop with high inerts and high H/N ratio 

REVAMP PREMISE AND APPROACH 
The main premise of the revamp approach was based on the following requirements: 

i. No modifications of the major compressors  
ii. No additional turnaround time than normal 
iii. Minimum 110% of Ammonia production without sacrificing energy efficiency or operating reliability  
iv. Least Capital with an attractive payback   

The revamp study of such highly bottlenecked plant with the above defined premise posed an unusually 
greater challenge especially without any expensive compressor upgrades. 
Based on the identified plant bottlenecks along with the premise and approach of the revamp together with 
an initial screening of various options, upgrading the Process air capacity was identified as key to upgrade 
the Reforming capacity with minimum changes.  
Further review of the plant capacity upgrade options identified a new approach to avoid any modifications 
of the major compressors for a reasonable increase in the plant capacity with an improved energy 
efficiency for an attractive payback. To fully realize the benefit of increased Reforming capacity, the 
Synloop capacity also needed an upgrade to balance and maximize the Ammonia production. The 
discussion in this paper will mainly be limited to the Reforming capacity upgrade only.  

PROCESS AIR COMPRESSOR 
The existing Process air compressor for the Ammonia plant is a multistage centrifugal machine driven by a 
Steam turbine. It is configured in two casings with four stages of compression each separated by an 
intercooler as shown in Figure-1.0. The low pressure (LP) compressor is driven by a condensing turbine 
using superheated MP steam, and the high pressure (HP) compressor is driven through a speed 
increasing gear coupled to the LP machine.  

 
Fig. 1 

OPTIONS FOR UPGRADING PROCESS AIR COMPRESSOR (PAC) 
To upgrade the existing Process Air Compressor system, Ammonia plant operators have conventionally 
used a combination of the following options: 

1. Modifications to the existing compressor internals and its driver 
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2. Supplement with a new compressor and a new driver 
3. Suction chilling using an external refrigeration system 
4. A New Approach using a combination of the following schemes: 

a. ‘Multistage Integrated Chilling (MIC)’ or Multistage Chilling (MS)  
b. Heat Integrated Split (HIS) Flow  

Options (1) and (2) require significant downtime and capital, with a long delivery schedule and also 
requires refurbishing of the driver to meet the added power requirement. Option (2) with a supplemental air 
compressor also needs extra space. In both of those options, the additional steam demand for their turbine 
drivers (unless the electric option is viable) will also require an additional surface condenser in the steam 
system with the extra steam condensing load. Both these options have been implemented in a number of 
Ammonia plants and are economically justified mostly with significant capacity additions- typically much in 
excess of 25%.   
Option (3) with suction chilling in compressor systems has long been practiced in various applications. A 
few Ammonia plants have implemented this option, using an external refrigeration system that adds power 
and plot space requirements. However, this option is much less expensive than the first two Options (1 and 
2), but provides only a modest increase in air capacity (approximately 5%) and is rarely justified 
economically. This is evident from the fact that only a handful of Ammonia plants implemented suction 
chilling. Recently, a few more Ammonia plants have added suction chilling with some justification to 
maintain a steady production where temperature variations are wider during the seasons and days/nights. 
Option (4), a newly patented approach utilizing the Multistage Integrated Chilling (MIC) or Multistage 
Chilling (MS) scheme along with Heat Integrated Split (HIS) flow of Process air provides a cost-effective 
option to increase the Process air compressor capacity by up to 20% without any additional power or the 
use of an external refrigeration system.   

WHAT IS MULTISTAGE INTEGRATED CHILLING (MIC) OR MULTISTAGE 
CHILLING (MS) SCHEMES  
A Multistage Integrated Chilling (MIC) is a staged thermal coupling of the Ammonia Compressor with the 
Process Air Compressor (PAC) to maximize its capacity. The capacity limitation of PAC is evaluated with a 
rigorous re-rating model for the chilling requirement in each stage to maximize its capacity. The Ammonia 
stream is suitably staged to balance with the existing Ammonia compressor system. The MIC scheme can 
use a direct or an indirect mode of chilling as shown in figures 2A & 2B.  
A Multistage Chilling (MS) scheme is similar to MIC scheme except that it will use an external refrigeration 
package. Depending on plant specific constraints, a hybrid system may be used with a portion of the 
chilling duty supplied by an external refrigeration package. In any case, the PAC capacity is maximized by 
evaluating the limitation in each stage with the rigorous re-rating model.  

 
Fig. 2A       Fig. 2B 
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SPARING AMMONIA REFRIGERATION  
Any combination of the following options can be used to create some spare Ammonia Refrigeration 
capacity through the existing Ammonia Compressor unless it already has some extra capacity. The spare 
Ammonia refrigeration capacity is then used with the Process Air compressor to upgrade its capacity. 
 Reducing the total inerts in the Make-up gas   
 Increase the purge rate to fully utilize the purge recovery unit 
 Marginal reduction CW supply temperature, if possible 
 Adding a single bed converter  

Depending on each Ammonia plant specific constraints, a combination of the above measures can be 
adopted. In most situations, additional Ammonia capacity provides the most incentive for quicker payback. 
In that situation, adding a single bed converter in series may provide a viable option to also raise the 
Synloop capacity to reasonably  
balance with the increased Reforming capacity to maximize the Ammonia production along with the 
improved energy efficiency.     

HEAT INTEGRATED SPLIT (HIS) FLOW SCHEME FOR PROCESS AIR  
The higher mass flow of process air available needs to be suitably handled to provide high enough degree 
of preheating with a minimum pressure drop to maximize reforming capacity and ammonia production. 
However, the existing process air preheat coil becomes further limiting to accomplish any of this as no 
additional heat transfer surface can be added in the space-constrained convection section. To overcome 
this limitation, a Heat Integrated Split (HIS) Flow scheme is used as shown in Figure 3.  
The HIS scheme takes the advantage of the redundant surface area of two other service coils in the 
space-constrained convection section which becomes available only with the new service conditions of the 
revamp case with MIC scheme. With minor modifications of the top one or two rows of those convection 
coils, part of the process air flow can be preheated in a split flow for additional process air preheat with 
reduced pressure drop. Further, process air is partly preheated externally using HP steam which also 
helps to reduce the process load on the existing process coil. Based on the revamp case steam balance, 
some extra HP steam becomes available as compressors driver steam demand is reduced with MIC 
scheme. The HIS scheme with a combination of split flow and an external steam exchanger increases the 
degree of process air preheat with minimum impact on pressure drop for higher process air flow.  

 
Fig. 3: Heat Integrated Split (HIS) Flow Scheme 

CASE STUDY RESULTS AND DISCUSSION 
Using the Multistage Integrated Chilling (MIC) scheme along with the Heat Integrated Split (HIS) Flow 
scheme, the Process air mass flow rate could be increased to 114% along with higher head of 108% (of 
Base operating case) without any modifications of PAC or its steam turbine.  This resulted in de-
bottlenecking the Primary Reformer with minimum changes to push additional throughput resulting in 
112% Ammonia production as further described.  
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Upgrade of Process Air Compressor (PAC) 
The Process air compressor was rigorously rated along with the interstage water coolers using our rating 
model to identify the capacity bottlenecks not only in the first suction stage but also in the intermediate 
stages. These findings were also verified through the compressor vendors for an initial validation of our 
model results. Interestingly, both were reasonably close. Based on this, MIC was applied to the suction as 
well as in the two intermediate stages at different temperature levels of chilling to maximize the capacity 
increase.  
The figure 4A shows the overall performance of the existing Process air compressor operating at 103.6% 
speed. With a combination of MIC and HIS schemes, the mass flow rate for PAC could be increased to 
114% along with a higher head of 108%, required by the process for the revamp case as shown in Figure 
4B. The speed of the Process Air compressor was also reduced to 101.4% even with higher mass rate and 
head rating without any increase in its power requirement. All of its chilling duty is internally supplied 
without any need for an external refrigeration package. No modifications of Air compressor or its driver are 
required. Each stage of the PAC is rated for its limitations and the chilling requirement for the target 
capacity. The MIC scheme is suitably staged and optimized to maximize a balanced Ammonia capacity 
with minimum modifications and capital requirements. 

 
Fig. 4A     Fig. 4B 

Off-loading the Primary Reformer 
The additional process air flow rate coupled with a higher degree of preheating permits the secondary 
reformer exit temperature to be raised with reduced methane slip.  
To realize the additional benefit of this upgrade, the Primary reformer is offloaded to push more throughput 
within the limits of its thermal and system hydraulics to increase the Ammonia production as follows: 
 Reduce the S/C to reduce arch firing 
 Increase the Process air preheat using HIS scheme with 

o Minor modifications of the Convection coils   
o Addition of an external HP steam heat exchanger  

 Increased Mixed feed temperature  
 Increased Combustion air preheat temperature 

The shift in methane conversion for Primary and Secondary reformers along with the reduced methane slip 
is shown in Figure 5 for the base operation and revamp case with 112% Ammonia capacity.  
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Fig. 5 

It shows a shift in the reforming duty from the Primary to Secondary reformer for the revamp case. Also, 
the final methane slip for the revamp case could be reduced significantly despite reduced S/C. The 
reduced methane slip proportionately reduced the inert level in the make-up gas which improves the 
Synloop efficiency with syngas utilization per ton of Ammonia. Further, shifting load to the Secondary with 
reduced H/N ratio helped to improve the Ammonia conversion. A combination of reduced inerts and more 
favourable H/N ratio helps to reduce the Ammonia refrigeration demand per ton of ammonia produced. 
The freed-up Ammonia refrigeration capacity is coupled with PAC to maximize its capacity. 
The radiant catalyst tubes were rigorously rated for maximum tube metal temperature profile for the base 
operating case as well as for the revamp case as shown in figure 6. The base case estimate of the Tube 
Metal Temperature (TMT) was also compared with the actual field measurements with a good match. The 
estimated maximum TMTs were further analyzed & also verified through Radiant tube supplier for any 
impact on its design life.  
Based on our analysis, the maximum estimated TMT for the revamp case is about 90ºF lower than the 
design value. The tube design life of 100,000 hours was not affected.  There were no modifications 
required in the radiant section. 

 
Fig. 6 

The key process parameters of the Reformers for the base & revamp cases are summarized in Table 1 
below. 
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Table-1 

Reformer Parameter Base Operation Revamp  
Ammonia Capacity 100% 112% 
S/C Ratio (molar) 3.4 3.15 
Radiant Outlet Temp Base 32ºF 
Methane Slip (%mol, dry) 0.71% 0.36% 
∆P- Radiant Tube Base 1.5 psi 
Radiant Heat Flux 100% 106.7% 
Tube Metal Temp (TMT) Base +45ºF 
TMT (Design- Max Estimated) +135ºF +90ºF 
Radiant Absorption Duty Base +106.7% 
Secondary outlet Temp (°F) Base +50 
Total Mass flow rate to Reformer Base 105% 

The key parameters of the Convection Section for the base & revamp cases are summarized in Table 2 
below. 

Table-2 

Convection Section Parameter Base Operation Revamp  
Ammonia Capacity 100% 112% 
Bridge wall Temp Base +45ºF 
Mixed Feed Preheat Temp (°F) Base +40 
Process Air preheat temp (°F) Base 105 
Steam Superheat Temp (°F) Base +35 
Arch Firing  100% 107% 
Combustion Air Preheat Temp  Base +100ºF 
Combustion Air Leak ~15% Nil 

Impact on Synloop 
The key parameters of the changes made in the Synloop as a part of the Ammonia plant revamp study are 
briefly summarized in Table 3 below.   

Table-3 

Synloop Parameter Base Operation Revamp  
Ammonia Capacity 100% 112% 
MUG Flow 100% 108.5% 
Inerts in MUG (%mol) 100% 65% 
MUG H2/N2 ratio (%mol) 3.06 3.0 
Loop H2/N2 ratio (molar) 3.65 3.0 
Inerts in the Loop (%mol) Base (-) 2.3% 
NH3 in Converter effluent (%mol) Base +5% 
Purge rate (mass rate) 100% 88% 

SUMMARY & CONCLUSIONS 
The use of ‘Multistage Integrated Chilling (MIC)’ scheme along with the ‘Heat Integrated Split (HIS)’ flow 
scheme provides a cost-effective option to Ammonia Plant Operators to upgrade the Reforming capacity 
with minimum modifications. To realize the full benefit of an increased Reforming capacity, the Synloop 
capacity may need upgrading to balance and maximize the Ammonia production with highest economic 
returns. This will be a very plant specific requirement and will need to be studied for each situation.  
The key benefits of this new approach are:  
 Process Air Capacity can be upgraded up to 115% without any expensive modifications of the 

Process Air Compressor or its driver without any increase in its power consumption 
 Increase in the Process Air flow along with higher degree its preheat temperature permits raising 

the outlet temperature of the secondary reforming resulting in a reduced methane slip and 
improved H2/N2 ratio for better synloop efficiency 
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 S/C ratio in Primary Reformer can also be reduced while lowering the overall methane slip, 
resulting in the following improvements per ton of Ammonia produced  
o Reduced Arch Firing  
o Reduced load on ID and FD fans 
o (It could be further reduced by replacing a leak prone Rotary Air preheater in some Ammonia 

plants) 
o Reduced mass flow rate of Syngas in the front end improves its hydraulics to provide an 

optimal pressure profile for higher throughput with higher Ammonia production 
 A combination of increased process air flow along with higher degree of its preheat with minimum 

pressure drop easily permits off-loading the Primary Reformer with reduced firing  
 Reduced firing and steam consumption per ton of Ammonia with minimum capital of the 

modifications provides attractive energy savings and economic returns   
  


