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Summary  
The current market environment is challenging for fertilizer producers, as low fertilizer prices create a 
hurdle for financing and thus implementation of large fertilizer plants. In addition, environmental 
regulators in particularly America, Europe and China are pushing for more sustainable production of 
fertilizers, insisting fertilizer producers to contribute their share. However, the difficult market conditions 
also create opportunities for those who look beyond the status quo. 
An example that has found its way is the small scale plant for fertilizer production. Small scale fertilizer 
production can utilize existing conventional sources such as (small) gas reserves, associated gas and 
flare gas from oil production. However, it also creates the possibility to use sustainable bio based 
feedstock and Refuse-Derived Fuel from waste. 
Small scale fertilizer production is focused on utilizing deficiencies in distribution of smaller quantities of 
inputs and/or products, meeting local demand for common nitrogen based fertilizers, extended with 
production of specialty fertilizers for specific local soil and crop requirements. An example is the use of 
Stamicarbon’s state-of-the-art small scale urea design, which consists of a unit that is capable to 
produce AdBlue®/DEF, urea for melamine, enriched urea, UAN and suitable for direct application of 
coated urea with e.g. controlled release coating. 
The unit design originates from Stamicarbon’s designs used until the seventies and is upgraded to a 
new type of small scale fertilizer plant capable to produce a product mix that can be adjusted to meet 
specific local requirements with maximized output value, thereby maintaining a competitive position 
towards imported product and large scale producers. 
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The current market environment is challenging for fertilizer producers, as low fertilizer 
prices create a hurdle for financing and thus implementation of large fertilizer plants. In 
addition, environmental regulators in particularly America, Europe and China are pushing for 
more sustainable production of fertilizers, insisting fertilizer producers to contribute their 
share. However, the difficult market conditions also create opportunities for those who look 
beyond the status quo. 

An example that has found its way is the small scale plant for fertilizer production. Small 
scale fertilizer production can utilize existing conventional sources such as (small) gas 
reserves, associated gas and flare gas from oil production. However, it also creates the 
possibility to use sustainable bio based feedstock and Refuse-Derived Fuel from waste.  

Small scale fertilizer production is focused on utilizing deficiencies in distribution of smaller 
quantities of inputs and/or products, meeting local demand for common nitrogen based 
fertilizers, extended with production of specialty fertilizers for specific local soil and crop 
requirements. An example is the use of Stamicarbon’s state-of-the-art small scale urea 
design, which consists of a unit that is capable to produce AdBlue®/DEF, urea for melamine, 
enriched urea, UAN and suitable for direct application of coated urea with e.g. controlled 
release coating.  

The unit design originates from Stamicarbon’s designs used until the seventies and is 
upgraded to a new type of small scale fertilizer plant capable to produce a product mix that 
can be adjusted to meet specific local requirements with maximized output value, thereby 
maintaining a competitive position towards imported product and large scale producers.  
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1. SMALL SCALE FERTILIZER PRODUCTION REALIZED; A COMPETITIVE AND 
SUSTAINABLE BUSINESS CASE 

1.1 Introduction 
This paper introduces the LAUNCH MELT™ Small Scale Design and the highlights of Stamicarbon’s 
technological development for small scale plant requirements. In the first chapter an example case of a 
project in execution is elaborated to reveal drivers behind projects for small scale plants. The second 
chapter introduces the foreseen application for AdBlue®/Diesel Exhaust Fluid (DEF). 

2. SMALL SCALE FERTILIZER PRODUCTION; LAUNCH MELT™ SMALL 
SCALE DESIGN  

2.1 Market evaluation 
The current market environment is challenging for fertilizer producers, as low fertilizer prices create a 
hurdle for financing and thus implementation of large fertilizer plants. In addition, environmental regulators 
in particularly America, China and Europe are pushing for more sustainable production of fertilizers, 
insisting fertilizer producers to contribute their share. However, the difficult market conditions also create 
opportunities for those who look beyond the status quo. 
An example that has found its way is the small scale plant for fertilizer production: LAUNCH MELT™ Small 
Scale Design. Small scale fertilizer production can utilize existing conventional sources such as (small) gas 
reserves, associated gas and flare gas from oil production. However, it also creates the possibility to use 
e.g. sustainable bio based feedstock and Refuse-Derived Fuel (RDF) from waste.  
LAUNCH MELT™ Small Scale Design refers to plant capacities below 1000 mtpd of urea production and 
actually is focused on the capacity range between 100 – 500 mtpd. This type of plant design is based on 
the conventional urea process and finds it origin in the sixties. Stamicarbon commissioned dozens of such 
plants in the course of time. The last small scale conventional plant was awarded in 1972 and since then 
the technology shift towards CO2 stripping reduced the market interest for grass root plants based on the 
conventional urea process. 
As occurring with many developments, the revival and upgrade of old technologies for new applications 
and market developments has also been applied within the LAUNCH MELT™ Small Scale Design to 
service a market niche that deviates from the traditional search for economy of scale and large volume 
production units.   
The technological development for small scale plants by Stamicarbon has been initiated by a specific 
market need in various geographical locations where supply of local nitrogen is limited due to lack of 
availability and hampered by high logistical costs. These factors restrict local market development of 
nitrogen demand, but simultaneously create a unique opportunity for entrepreneurs. Alternatively, local 
availability of inputs without economically viable ways to export the same can drive local production of 
nitrogen as well. 

2.2 Small scale plant Application 
Small scale fertilizer production is focused on supplying the local nitrogen demand, extended with 
production of specialty fertilizers for specific local soil and crop requirements. An example is the use of 
Stamicarbon’s state-of-the-art LAUNCH MELT™ Small Scale Design, which is capable to produce 
AdBlue®/DEF, urea for melamine, enriched urea, UAS, UAN and suitable for direct application of coated 
urea with e.g. controlled release coating.  
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Fig. 1:  Application of urea for AdBlue® and fertilizer 

In order to serve an increasing market demand for small scale facilities, Stamicarbon has developed a 
niche technology referred to as LAUNCH MELT™ Small Scale Design. 

2.3 LAUNCH MELT™ Small Scale Design 
The unit design originates from Stamicarbon’s heritage from the seventies and is upgraded to a new type 
of small scale fertilizer plant capable to produce a product mix that can be adjusted to meet specific local 
nitrogen requirements and demand. 
The core of the value proposition brought by the small scale design lies in that it overcomes logistic 
deficiencies of inputs and/or products while minimizing CAPEX. In order to provide a competitive solution 
for producers that have interest to produce locally on small scale or tap into a niche product market, key 
elements have been considered to provide a successful technological solution: 

1. Minimize CAPEX to optimize the financial model. 
2. Robust and reliable plant design with possibility for remote support, as relative limited plant staff 

and operational competences will be available at site. 
3. Modularized construction approach possible by using prefab skids to reduce local construction. 
4. Compliant to most stringent environmental standards. 
5. Highest quality and safety as per Stamicarbon standards. 
6. Flexibility to process renewable or bio-based feedstock, which may be short in supply and/or entail 

logistic deficiencies. 
Stamicarbon’s LAUNCH MELT™ Small Scale Design is standardized for three small scale plant sizes of 
100, 200 and 500 mtpd based on the next generation of a conventional technology plant. For plant sizes in 
between 500 and 1000 mtpd the design is customized, whilst for larger plant sizes Stamicarbon’s flagship 
technology based on CO2 stripping and pool condensation is applied.  
The main technological feature of LAUNCH MELT™ Small Scale Design lies in the use of a single 
Safurex® HP reactor as the only equipment piece of any substance in the high pressure section in the 
entire urea plant, which combines the function of mixing feed and recycle streams. It has been designed 
for an optimal conversion of reactants, using high-efficiency trays. The use of Safurex® stainless steel 
allows a long lifetime expectation of the reactor, similar to the lifetime of the plant. In addition Safurex® has 
the advantage that it results in improved product quality in relation to the ISO-22241 specification for 
AdBlue®/DEF, which can only be achieved by using this specific technological configuration in combination 
with Safurex® material. As the HP reactor is located next to the plant structure at a concrete basis, it also 
has the advantage that this long delivery item can be erected independently, without interfering the 
construction works and thus is not considered as a bottleneck in the construction schedule.  
As is the case for all Stamicarbon plants of design, the plant has a characteristic compact design. The 
footprint used is approximately 20 x 20 meters, while the main plant structure has a height of only 15 
meters and the top floor is located at a height of 20 meters without the need for high pressure structure 
and limited weight at elevation. The lay-out is focused at reduced CAPEX and the optimum has been 
engineered without compromising Stamicarbon’s performance, reliability and safety requirements.  

® 
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The plant configuration for the AdBlue®/DEF production has another major advantage, which lies in the 
internal rework of process effluents. The internal rework makes the use of an evaporation and dedicated 
waste water section redundant and contributes to a major CAPEX saving. 

2.4 Alternative feedstock 
In the light of current developments related to the reduction of the carbon footprint and the ambition to 
produce urea in a more sustainable way, the LAUNCH MELT™ Small Scale Design has the capability to 
facilitate a renewable feedstock. Examples considered are the use of feedstock originating from Refuse 
Derived Fuel (RDF) gasification units, which produces syngas based on municipal waste or feedstock 
derived from furnace off-gas from the steel industry. Another example can be the combination of the 
production of green ammonia from renewable electricity derived from wind or hydro, while using the carbon 
dioxide from carbon capture units from conventional power plants or industry. 
The LAUNCH MELT™ Small Scale Design plant for the production of AdBlue®/DEF creates the possibility 
to produce AdBlue® based on renewable feedstock resulting in a renewable and green AdBlue®/DEF 
grade. Having urea and in particular technical grade urea used for AdBlue®/DEF, melamine, resins, cattle 
feed and pharmaceutical applications originating from a sustainable feedstock source is therefore in reach 
today.  

2.5 Small scale economics 
When developing a small scale project full understanding of the economics is critical, since small sized 
plants are only attractive in specific market conditions. Clear focus on the high value product mix, the ideal 
location and the right technology selection are key success factors. 
In the example case of the dedicated AdBlue®/DEF production a strategic location was selected near an 
intersection of important highways and at distance of competition and importing facilities such as river 
barge terminals. Most important is that end-users are located for the full off-take within 100 km radius of 
the plant. Logistics are an important reason of the business case and a location near the end market will 
allow the plant owner to use the logistical advantage to compensate for the higher production cost 
compared to large scale production plants, therefore maintaining a competitive position in the market. 
The specific location of the example site also has direct access to gas pipeline infrastructure with power 
available from the grid and raw water available on site. Availability and having redundancy of e.g. power 
available outside the fence has a substantial impact on the OSBL cost for utilities. OSBL cost can be 
tremendous and is impacted heavily by the location. With CAPEX being the main driver for success, the 
location is therefore key to optimize the financial model.   
From technology point of view the small size is considered to be a challenge as the technological 
developments of the last decades were purely focused on economy of scale and urea production towards 
6000 mtpd. Having a plant producing 200 mtpd requires a reset of the standard way of thinking. For this 
set-up Stamicarbon used the specific requirements of local small scale producers to be the driver for 
technological development. Engineers of Stamicarbon have answered the call with the introduction of the 
LAUNCH MELT™ Small Scale Design, which represents a lean plant type that applies conventional 
technology upgraded to the next generation.  
The key question for the economics remains the achievable competitiveness of the small scale plant size. 
Being aware of the relevant variables and parameters for the financial model, key characteristics of a 
typical 200 mtpd urea plant dedicated for the production of AdBlue®/DEF have been optimized for this 
specific purpose and are reflected in the characteristics below: 

• Annual production of AdBlue®/DEF at 32.5wt% grade: 215 kt or 140 kt at 50.0wt% grade and the 
possibility to produce the marine grade at 40.0wt%. 

• Capital investment for the urea plant on EPC ISBL basis: 30 m- EUR. 
• Construction period: 19 months from ground breaking. 
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The measures that have been taken allow for a very interesting business case. For the financial modelling 
both the ammonia and urea production facilities have been taken into consideration, which has resulted for 
this specific example for the combined facility including full EPC to the followings projected returns: 

• Project IRR: 22% 
• Equity IRR: 31% 

These validated figures indicate that a sustainable future based on a renewable urea grade can be 
realized with surprisingly good economics and it is feasible today. 

2.6 Conclusion 
Stamicarbon’s LAUNCH MELT™ Small Scale Design allows for competitive small scale urea plants in 
geographical locations where they overcome logistic deficiencies or access niche market. These plants 
may produce technical grade urea for AdBlue®/DEF and melamine applications and fertilizer grade for urea 
based applications. 
This next generation of conventional urea technology provides the benefits of CAPEX reduction without 
compromising Stamicarbon’s requirements on performance, reliability and safety. By duly selection of the 
right local project conditions, including product mix, plant location and technology, small scale urea 
projects can be commercially feasible today.    
The LAUNCH MELT™ Small Scale Design plant also creates the possibility to produce a renewable grade 
urea for high value niche applications originating from a sustainable feedstock source. This will open up 
the opportunity for more small scale projects in the near future. 
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ANNEX: ADBLUE® PRODUCTION EXPLAINED  

A1. WHAT IS ADBLUE®? 
AdBlue®/DEF is an aqueous urea solution made up of 32.5% high-purity urea and 67.5% deionized water. 
That is the eutectic composition for the urea-water system and consequently has the lowest crystallization 
temperature (approximately -11.5°C – see Figure 2); therefore it does not freeze under most 
circumstances.  
AdBlue® is a registered trademark in Europe, held by the German Association of the Automotive Industry 
VDA (Verband der Automobilindustrie), but the product is also known as AUS 32 in Australia, DEF in North 
America, and ARLA 32 in Brazil. For the sake of simplicity, all of these are collectively referred to as 
AdBlue® in this paper, since they all conform to the ISO 22241 product specification and are thus identical.  
A similar product for marine applications is referred to as marine NOx reducing agent (AUS-40) grade 
considering a 40wt% urea solution according to the ISO-18611 specification. The marine grade can be 
produced in the same unit, but for the sake of clarity the reference of AdBlue®/DEF is used in this paper.  

 
Fig. 2: Crystallization temperature of urea-water mixture 

The purpose of AdBlue®/DEF is to reduce NOx emissions in diesel engine exhaust using Selective 
Catalytic Reduction (SCR) technology (depicted in Figure 3).  
AdBlue®/DEF from the urea tank is first decomposed to ammonia and carbon dioxide:  

(NH2)2CO  NH3 + CO2 
Then ammonia, together with catalyst, will reduce NOx:  

NO + NO2 + NH3  N2 + H2O 
Although in theory ammonia itself, could be used directly as the reductant for NOx components, it has the 
disadvantage of being both volatile and toxic, which makes it difficult to transport and store safely. A urea 
solution, on the other hand, is non-volatile and non-toxic, and its active ingredient is widely available. 
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Fig. 3: AdBlue® used in SCR technology for NOx reduction. Source: VDA AdBlue® Flyer 

ISO 22241-1 sets the quality requirements of AdBlue®/DEF, including the composition limits. To produce 
AdBlue®/DEF from solid urea and pure water, only technical-grade urea – with only minimal traces of biuret 
and ammonia and absolutely no additives such as formaldehyde or anticaking agents – can be used; 
agricultural-grade urea is excluded from producing AdBlue®/DEF as it might contain chemical compounds 
that are not permitted in the specification. Out-of-specification products pose the greatest threat to the 
SCR catalyst and thus the continued operation of the vehicle. In practice, high biuret content is the most 
common reason for AdBlue®/DEF - produced from solid urea and water - failing to meet specification. 

Table 11: AdBlue®/DEF quality characteristics 

Components   min max 

Urea  Wt.%  31.8 33.2 

Biuret   Wt.%   0.3 

Ammonia  Wt.%   0.2 

Aldehydes  ppm   5 

Insoluble matter  ppm   20 

PO4  ppm   0.5 

Calcium  ppm   0.5 

Iron  ppm   0.5 

Aluminium  ppm   0.5 

Magnesium  ppm   0.5 

Sodium  ppm   0.5 

Potassium  ppm   0.5 

Copper  ppm   0.2 

Zinc  ppm   0.2 

Chromium  ppm   0.2 

Nickel  ppm   0.2 

 1 ISO 22241-1 

A2. ADBLUE® PRODUCTION 
There are four ways to produce AdBlue®/DEF (shown in Figure 4):  
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1. Solid urea prills produced from urea plant is dissolved to form AdBlue®/DEF; 
2. Urea powder produced from urea plant is dissolved to produce AdBlue®/DEF; 
3. Urea concentrate (around 50wt%, but this can vary) produced in the urea plant is blended with 

more water to produce 32.5wt% or 40.0wt% urea solution; 
4. 32.5wt% urea solution AdBlue®/DEF or 40.0wt% urea solution marine NOx reduction agent is 

produced directly from the urea plant. 

 
Fig. 4: AdBlue®/DEF production methods 

The LAUNCH MELT™ Small Scale Design for AdBlue®/DEF applications are designed to produce via 
liquid product in various grade, primary via route 3 and 4, meaning: 

1. Urea solution of 50wt% for intermediate product suitable for industrial plants and long distance 
shipping. 

2. AdBlue® at ISO-22241 specification. 
3. Marine NOx reducing agent (AUS-40) grade considering a 40wt% urea solution can be produced 

at ISO 18611 specification.   

A3. THE TRADITIONAL ADBLUE® PRODUCTION METHOD 
The most obvious method of producing AdBlue®/DEF – diluting solid urea with deionized water – has 
several disadvantages: 
Dependence on raw material quality. The AdBlue®/DEF producer has no control over the quality of urea 
prills sourced in the market, especially in respect of biuret and metallic element content. To meet the 
quality specification of AdBlue®/DEF, it is often necessary to purify urea prills before they can be diluted to 
produce AdBlue®/DEF. This purification process inevitably entails extra production costs. 
Production cost inefficiency. Leaving aside any cost associated with input quality control (e.g. the 
additional purification process mentioned above), this method of AdBlue®/DEF production is inherently 
costly overall. To be more specific, solid urea prills are formed from 70-75% aqueous urea solution after 
two energy-intensive stages of evaporation and one finishing stage. These solid urea prills are later to be 
dissolved in deionized water to become 32.5% aqueous urea solution (as shown in Figure 5). This lengthy 
process is costly compared with other production methods, which will be introduced later in the paper. 
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Fig. 5: Traditional AdBlue®/DEF production method 

Product handling issues. Urea prills tend to cake easily, which causes trouble during product transport and 
product handling. Also, urea prills are not very easy to dissolve, which slows down the process. To 
improve the efficiency of the process, it is necessary to grind urea prills beforehand. 

A.4 DIRECT AQUEOUS ADBLUE® PRODUCTION TECHNOLOGY 
The direct aqueous AdBlue®/DEF production process is Stamicarbon’s most mature technology for 
AdBlue®/DEF. This lean process is widely used for urea producers to produce AdBlue®/DEF around the 
world. Instead of forming solid urea first and then dissolving it to produce AdBlue®/DEF, Stamicarbon’s 
direct aqueous process can produce concentrated urea solution (50wt%, as shown in Figure 6) – an 
intermediate product of AdBlue®/DEF – or produce the final end product AdBlue®/DEF (32.5wt%, as shown 
in Figure 6) directly from a 70-75% aqueous urea solution from the urea synthesis plant.  
The advantages of this process are:  

1. Premium product quality. This lean process of AdBlue®/DEF production produces premium-quality 
AdBlue®/DEF with zero formaldehyde and low biuret content.   

2. Safe product handling. Direct production minimizes ammonia formation. 
3. Environmentally-friendly process. The finishing step (prilling) in the urea prill production process 

generates dust and ammonia emissions. Since the direct aqueous AdBlue®/DEF production 
process includes no such step, dust and ammonia emissions are vastly reduced. 

4. Cost-effective. The avoidance of evaporation and finishing stages substantially reduces the costs 
associated with energy and utilities consumption and condensate treatment. As a result, the 
production cost for the final AdBlue®/DEF product using Stamicarbon’s direct aqueous 
AdBlue®/DEF production technology in the EU is between 0.07 and 0.08 euros per liter, whereas 
the final production cost of AdBlue®/DEF produced from prills is around 0.14 euros per liter1. 

1Integer AdBlue® Market Study 2014 

In an existing urea plant in which the capacity is restricted by a bottleneck in the finishing section, such as 
a prilling tower, this process provides an elegant way of increasing the total urea output without 
debottlenecking, as part of the urea solution is diverted to the AdBlue®/DEF section. 
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Fig 6: Aqueous AdBlue®/DEF production via intermediate urea concentrate and direct aqueous 

AdBlue®/DEF production method 


