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The highly conservative pharmaceutical 
industry is now approaching an era of renewal, 
transforming from batch manufacturing to 
continuous manufacturing, to convert seam-
lessly in fast continuous sequence, raw mate-
rials into high-quality final products [1,2]. 
This transformation is significant, to meet 
demands on solid dosage forms manufacture 
through cost savings by simplifying processes, 
reduced space and energy footprints, reduce 
product failures and yet, provide even better 
quality products for patients [3,4]. Full auto-
mation allows for consistent product quality 
produced under 24 h production capabili-
ties [5]. However, high initial investment cost, 
vagueness on the long-term capability of the 
manufacturing system and the uncertainty 
of regulatory requirements for continuously 
manufactured products are some initial hur-
dles creating reluctance to adopt this highly 
required transformation. Currently, the most 
common pharmaceutical solid dosage form, 
tablets are manufactured by batch manufac-
turing. First, active pharmaceutical ingredi-
ents (APIs) are manufactured in upstream 
steps which mainly involve chemical synthe-
sis, reaction engineering, crystallization, sepa-
ration and purification. Almost 70% of the 
upstream reaction steps are in batch mode [6]. 
Many companies are now trying to change 
these batch reactions with flow reactions to 
generate API with minimal losses. In the next 
stage, isolated APIs are further treated by dif-
ferent downstream steps to formulate the dos-
age form, tablets. In a perfect future world, 
fully end to end continuous manufacturing, 

which is also coined as homogeneous process-
ing, will take root and terms such as upstream 
and downstream processing may not exist 
anymore [7]. Homogeneous processing 
requires the incorporation or development of 
new technologies. However, before the dream 
of homogeneous processing becomes a reality, 
a transformative transitional phase, in which 
heterogeneous continuous processing involv-
ing the streamlining of upstream processing 
and downstream processing as continuous 
phases, has to be initiated. GEA Pharma Sys-
tems is a leading group of companies involved 
in developing these continuous processing sys-
tems, particularly for downstream processing 
and some of their systems are discussed here to 
provide recent updates in this emerging area. 

The downstream steps for batch manufac-
turing of tablets involve one of the three com-
mon methods: wet granulation, dry granula-
tion and direct compression [7]. Blending and 
milling are also the parts of the downstream 
processes and are carried out as according 
to the requirements. In this aspect, recently 
developed downstream processing methods 
such as melt extrusion, thin film casting and 
electrospinning can be considered as continu-
ous processing with less powder handling [8]. 
Major limitation to prepare tablets via batch 
manufacturing is the requirement of very 
good flowing feed materials. Wet granulation 
is the popular method to convert free parti-
cles into aggregates with the aim to improve 
flow properties, compressibility and homo-
geneity of materials and become suitable 
for high-speed tableting. Continuous twin 
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Figure 1. ConsiGma™-DC, a recent development to commercially manufacture tablets by continuous direct 
compression.
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screw extrusion process was studied by Keleb et al. [9] 
to achieve wet granulation process in a continuous 
mode. This continuous wet granulation via twin screw 
was further employed commercially in ConsiGma™ 
(GEA Group, Wommelgem, Belgium) system [3]. This 
industrial designed continuous granulation technology 
started with three modules: a high shear granulation 
module, a fluid bed dryer module and an evaluation 
module. This set up can be further extended by adding 
mixer and rotary tablet press and this completes the 
tableting line, thus enabling full continuous manufac-
turing of tablets from powders. Effect of process and 
material variables on granule and tablet attributes and 
prediction of these attributes using process analyti-
cal technology (PAT) tools, particularly Raman and 
near infrared (NIR) spectroscopy, were further studied 
by different research groups, generating a significant 
database for this continuous system [1–3,5,10–17]. Con-
siGma systems are available as units, for research-and-
development to production, and have been tested for 
many drug products. In direct compression method, 
individual API(s) and excipients are dispensed by 
accurate loss-in-weight systems, blended, conveyed 
and directly compressed, making it the simplest and 
most preferred approach to produce tablets. However, 
reasonable flow properties and good compressibility 
of blended feed materials are the basic requirements 

of direct compression. Improvement in the upstream 
processes to manufacture drugs and excipients with 
properties necessary for direct compression is a neces-
sary consideration. For the API, particle design will be 
a major technical challenge, to improve bulk flow and 
compressibility [18] and yet, satisfy biopharmaceutical 
requirements. ConsiGma-DC is the recent develop-
ment to commercially manufacture tablets by continu-
ous direct compression (Figure 1). The machine line 
comprises of four important elements, feeding, contin-
uous blending, compression and online measurements 
of critical quality attributes. This advanced machine 
line is the example of a compact, all-in-one tablet pro-
duction line by direct compression. Close integration 
and coupling of feeding, blending and compression 
have prevented segregation problem, mostly associated 
with direct compression. Recently, GEA along with 
Colorcon and University of Gent have accomplished a 
systematic study to evaluate the feasibility of continu-
ous manufacture of naproxen tablet formulation using 
ConsiGma-DC. NIR, employed to discern chemical 
content, successfully allowed on-line real time trend-
ing of blend uniformity. A clear trend between API 
mass flow and predicted concentration by NIR tool 
can be seen visually in the obtained graph (Figure 2). 
Overall, the study represents the success story of Con-
siGma-DC and confirms the suitability of the continu-
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Figure 2. A sample trial showing the prediction of active pharmaceutical ingredient mass flow using a process 
analytical technology tool. 
API: Active pharmaceutical ingredient; NIR: Near infrared spectroscopy.
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ous manufacturing of tablet formulations by direct 
compression. Continuous manufacturing requires 
real-time (on-line, in-line or at-line) monitoring of 
intermediate or final products and therefore PAT plays 
a significant role in the development of continuous 
manufacturing systems. In the discussed examples of 
heterogeneous continuous manufacturing, batch size is 
determined by process time rather the volume of pro-
cess vessel. Thus, the difficult time- and product-con-
suming scale up is not required for continuous manu-
factured pharmaceutical products. The downstream 
continuous processing has also minimized, if not fully 
eliminated, powder handing. There has been a steady 
increase in the number of companies that have sub-
mitted US FDA filings with continuous manufactur-
ing steps [18]. Overall, the continuous manufacturing 
concept has planted a new hope in the pharmaceutical 
industry to improve the process efficiency and product 
quality. Industry’s highly prevalent ‘business as usual’ 
approach has started changing, resulting in reduced 
production time and a shorter ‘time to market’.
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