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Abstract

Although vaccine supply chains in many countries require additional stationary storage and 

transport capacity to meet current and future needs, international donors tend to donate stationary 

storage devices far more often than transport equipment. To investigate the impact of only adding 

stationary storage equipment on the capacity requirements of transport devices and vehicles, we 

used HERMES (Highly Extensible Resource for Modeling Supply Chains) to construct a discrete 

event simulation model of the Niger vaccine supply chain. We measured the transport capacity 

requirement for each mode of transport used in the Niger vaccine cold chain, both before and after 

adding cold rooms and refrigerators to relieve all stationary storage constraints in the system. With 

the addition of necessary stationary storage, the average transport capacity requirement increased 

from 88% to 144% for cold trucks, from 101% to 197% for pickup trucks, and from 366% to 

420% for vaccine carriers. Therefore, adding stationary storage alone may worsen or create new 

transport bottlenecks as more vaccines flow through the system, preventing many vaccines from 

reaching their target populations. Dynamic modeling can reveal such relationships between 

stationary storage capacity and transport constraints.
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Vaccine supply chains in many countries currently experience bottlenecks due to limited 

storage or transport capacity, and these are expected to worsen with the introduction of 12 

new vaccines by 2019.1 In efforts to improve vaccine supply chains, international donors 

have donated stationary storage devices far more often than transport equipment.2–4 The 

HERMES (Highly Extensible Resource for Modeling Supply Chains) modeling team at the 

University of Pittsburgh used a dynamic simulation model of the Niger vaccine supply chain 

to investigate the impact of adding stationary storage equipment on the capacity 

requirements of transport devices and vehicles.

Methods

We used HERMES to construct a discrete-event simulation model of the Niger vaccine 

supply chain. Previous publications provide detailed descriptions of this model.5–7 The 

model simulated the population demand and Expanded Program on Immunization vaccine 

schedule for 2015, as projected in the Niger Comprehensive Multiyear Plan.8 The transport 

capacity requirement is the amount of space needed to carry an order of vaccines, expressed 

as a percentage of the space available in a vehicle or transport device. It is calculated as 

follows:

Transport capacity requirement = Transport capacity required ÷ Transport capacity 

available

A transport capacity requirement of more than 100% indicates a transport bottleneck. We 

measured the transport capacity requirement for each of the 3 types of vehicles and transport 

devices used in the Niger vaccine cold chain (cold trucks, pickup trucks, and vaccine 

carriers) under the current system, without additional storage or transport equipment. We 

then added cold rooms and refrigerators to relieve all stationary storage constraints and 

measured the transport capacity requirement under this altered system.

Results

The Figure displays the average transport capacity requirement for each type of transport 

equipment, before and after the addition of stationary storage to relieve all storage 

constraints. Relieving storage constraints exacerbated existing transport bottlenecks and 

created new bottlenecks for routes that did not experience constraints before storage was 

added. With the addition of stationary storage, the average transport capacity requirement 

increased from 88% to 144% for cold trucks, from 101% to 197% for pickup trucks, and 

from 366% to 420% for vaccine carriers.

Conclusion

Transport constraints cannot be ignored when augmenting vaccine supply chains. Adding 

stationary storage equipment alone may actually worsen or create new transport bottlenecks, 
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due to a greater number of vaccines flowing through the system. These bottlenecks 

ultimately prevent vaccines from arriving where they are needed. Dynamic modeling helped 

reveal this relationship between stationary storage capacity and transport constraints. 

HERMES can generate a detailed model of any vaccine supply chain anywhere in the world. 

For example, in the United States, HERMES could be used to evaluate supply chains to 

distribute routine immunizations, influenza vaccines, and vaccines in response to epidemics.
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FIGURE. 
Transport Capacity Requirement Before and After the Addition of Stationary Storagea
aA transport capacity requirement of more than 100% indicates a transport bottleneck.
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