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Modular configurations enabled by
microfactory technologies

Towards pharmaceutical supply chains resilience
RA: Dr Ettore Settanni, PI: Dr Jagjit Singh Srai

Historical evolution of pharma supply chains (PSC) can be understood through a modular production networks theoretical lens: firms seek to retain product 
innovation and sales in house whilst outsourcing manufacturing, with interchangeability and highly codified hand-off protocols defining breakpoints in the PSC. 
However, there are known adaptability issues in the resulting PSC architecture e.g., propensity to outsource typically associated with GMP compliance issues; 
cost optimisation-driven locations decision in API manufacturing creates geographical concentration, overcapacity and vulnerability to disruption; tight budgetary 
control and spot-pricing procurement practice in healthcare undermine ability to secure supply in abnormal demand conditions.

Modularity of pharmaceutical 
production networks

Modular design and ‘thin’ crossings

A B C D E F G H I J K L M N O P Q R S T U V
A 1 0 0 0 0 1 0 0 0 1 1 1 1 0 1 0 1 0 1 0 1 0
B 1 1 1 0 1 1 0 1 1 0 0 0 1 0 1 0 0 0 0 0 1 0
C 1 0 1 1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0
D 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E 1 0 0 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0
F 1 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G 1 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0
H 1 0 0 1 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0
I 1 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
J 0 0 1 1 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0
K 0 0 0 0 0 0 0 0 1 1 0 1 0 1 1 0 0 0 0 0 0 0
L 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0
M 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 1 0 0 0 0 1 0
N 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 1 1 1 1 0
O 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 1 0 0 1 0
P 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0
Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 1
R 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 1
S 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0 0
T 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 1 1 1 1 1 0 1
U 0 0 0 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 0 1 1 0
V 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1

“Thin” 
crossing/ 

mundane TC

Knowledge-intense 
task dependencies

Building resilience post-COVID19 requires evaluating architecture options enabled by selective investments at across traditional PSC ‘modules’ (API mfg., 
Pack/Format, Distribution/Usage)  e.g.: stockpiling vs managing CMOs vs investing in advanced mfg. capabilities. The below conceptualisation (LHS) questions 
lowest-cost ‘hand-offs’ across the PSC; shifts the focus on material/knowledge interdependencies and the ability to retain “stake in the game”. The 
conceptualisation is initially demonstrated with a graph-theoretical algorithmic approach (RHS) involving one current-state PSC examined in-depth.

Algorithmic, data-driven perspectiveManagerial conceptualisation

Evaluating architecture options focuses on stochastic design outcomes, and leverage option portfolio theory (LHS):  when interdependent tasks are ‘rolled into’ 
modules the value of modularised designs is always greater than value of an integrated design, with crossings at the boundaries between modules eroding 
value due to transaction costs. Experimentation brings about design outcomes for specific modules to be evaluated with reference to baseline performance. As 
an alternative. On the RHS we suggest leveraging strategic inventory planning models whereby (a) Thin crossings = service times & demand variability (back 
propagated); (b) Options: n. of stages and decoupling points; service time commitment at each stage (variable to be computed by dynamic programming); (c) 
Value of SC architecture option: E[inventory] = echelon safety stock (strategic positioning based on net replenishment time exposure)

Approach (A): focus on module design outcomes Approach (B) focus on crossings and safety stock

Example application of ‘Approach B’ logic to modular ‘microfactory’
plants (possibility for scaling-out/numbering-up): 

• Bundles previously standalone processing tasks (potential to 
increase architecture option value in both approach A and B)

• Ability to assess relative to batch campaigns (multiple 
intermediate stocking points) – e.g. mfg. footprint, responsiveness

• Potential impact on service time and safety stock (thin crossings 
in approach B) of a single organisation spanning an 
interconnected set of tasks
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