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Maintaining compliant control measures in highly regulated 
warehouses and cold rooms where temperature-sensitive 
medicines, vaccines or active pharmaceutical ingredients 
(APIs) are stored requires diligence and integrity. It also 
demands that proper procedures and tools are in place to 
ensure GMP and GDP compliance to safeguard products for 
patients.

Below is a guidance for warehouse managers, operations 
and quality assurance managers and logistics professionals 
need to consider for continued success in your cold chain 
storage processes.

Five Keys to Successful Warehouse and  
Cold Room Monitoring

1 | Routine Calibration
In simple terms, calibration is the comparison of measure-
ment values delivered by a device under test with those 
of a calibration standard of known accuracy. It has three pri-
mary purposes with regard to warehouse and cold storage 
room monitoring: 

1.	To ensure the device under test producing  
precise and accurate results

2.	To ensure compliance with regulating bodies
3.	To ensure the integrity of the product in storage

Environmental monitoring devices are subject to drift over 
time which results in inaccurate temperature or humidity 
data measurement. 

Before an environmental monitoring solution is installed, it 
is essential to ensure you have the proper sensor, calibrate 
the unit, test the data logger, and document the completed 
procedure.

Annual recalibration is highly recommended to make 
certain that sensors and data logging devices are operating 
within specification. As components age, the risk of drift 
varies according to the sensor type, the measuring principle 
used, and the degree of physical protection. Nonetheless, 
high quality sensors tend to be stable for many years, 
whether used in fixed positions or in-transit applications.
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Temperature Calibration

Humidity Calibration

Potential Risks 

Chemical damage

Physical damage

Temperature range 
of the application

Risk approach  

Circumstances with High Risks 

Open sensor with external probe

Loose installation (risk of fall or hit) 
Transport (vibration)

Extreme low temperatures (< -35 °C)
Extreme high temperatures (> +70 °C)

High risk sensor
	Calibration after installation
	Recalibration 12 to 18 months after production

Circumstances with Low Risks 

Closed water-proof case (IP 67)

Fixed installation

+2 °C to +8 °C, +15 °C to +25 °C

Low risk sensor*
	Production calibration
	Recalibration 18 to 24 months after installation 

Use of a risk-based approach (taking application and type of sensor into account) as a decision basis for the re-calibration interval.

The risk for drift in humidity sensors depends on the usage 
and the sensing technology. As a rule:

	�Use capacitive humidity sensors at room temperature and 
in transport vehicles.
	�Use electrolytic humidity sensors for high precision or 
demanding applications such as cleanrooms, hot cabinets 
and incubators.
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2 | Seasonal Mapping
Temperature mapping is the process of recording and ana-
lyzing temperature and/or humidity throughout an entire 
facility under various parameters (e.g., fully-loaded, empty). 
It is a mandatory part of the GAMP© 5 qualification process 
and not optional. Calibrated data loggers are strategically 
placed to identify the coldest and warmest areas in your 
facilities. The ultimate goal is to ensure products are stored 
safely and stay within predetermined environmental condi-
tions and to implement changes as necessary.

Seasonal mapping is required for any facilities that have ex-
terior walls, as temperature inconsistencies are likely to oc-
cur regardless of any chilling equipment or HVAC system in 
place. For instance, the areas closest to doorways will often 
be susceptible to the ambient temperature outside, espe-
cially when they are opened and closed frequently. Equally, 
zones in warehouses that are in close proximity to skylights 
and windows are obviously prone to greater fluctuations 
in outside temperature. South-facing areas of a warehouse 
could warm up from simple exposure of the outside wall 
to the sun’s radiant heat. Seasonal mapping should be con-
ducted during the months when temperature extremes are 
the highest, in both summer and winter months.

Mapping is a required part of the qualification of warehous-
es and cold rooms and for the facilities to be considered 
validated. Qualification is a regulatory requirement needed 
to prove a facility or container meets the intended use 
criteria.

Self Service Temperature Mapping Kits  
Save Cost and Ensure Compliance

Do-It-Yourself temperature mapping kits can save time, 
eliminate expensive onsite travel costs with consultants 
and still help you gain required compliance documentation. 
These kits typically come with preconfigured data loggers, 
step by step placement instructions and downloadable 
mapping protocol. Mapping kits have been developed for 
refrigerators, climate cabinets, incubators, smaller storage 
rooms and ULT freezers with the following specifications: 

	Equipment mapping kits: Ideal for small standalone 
equipment ≤ 2 m3 (70 ft3) such as refrigerators, climate 
cabinets and incubators
	Room mapping kits: Ideal for large standalone equipment 
between 2 m3 to 20 m3 (70 ft3 to 700 ft3) and small walk in 
rooms 18 m × 18 m (60 ft × 60 ft)
	ULT freezer mapping kits: Ideal for upright four chamber 
ultra-low temperature freezers in GxP storage areas

There are numerous benefits to this approach  
and some of the advantages include:

Simple implementation: Order the kit, place  
mapping data loggers and create the report

Step-by-step guide: Report provides valuable  
information on GxP compliance and guides you 
through the process

GxP compliance: Mapping data loggers are GAMP 5 
validated. Mapping is WHO and ISPE compliant

Evaluated by a GxP specialist: Results of the  
mapping study are evaluated by GxP engineers

Flexibility: A separate kit for each room/piece  
of equipment and temperature range

Peace of mind: Trusted compliance and a clear 
conscience before your next audit

See temperature mapping kit examples at ELPRO.com 

http://ELPRO.com
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3 | Independent Monitoring Hardware
When choosing the right hardware to monitor temperature, 
humidity and other parameters in your warehouses or cold 
rooms there are several things to consider:

	Application: The user requirement specifications (URS) 
and the standard operating procedures (SOP) from the 
manufacturer may specify the type of data logging hard-
ware to monitor their products or materials. Carefully con-
sider what needs monitored in the facility and it will make 
your hardware and software choices easier. There is a big 
difference between monitoring solutions for sensitive 
active pharmaceutical ingredients (APIs) and 100 freezers 
in an ultra-low freezer farm. 

	Redundancy: The hardware monitoring solution should be 
validated and always independent of any building automa-
tion system (BAS) or building maintenance system (BMS) 
that controls HVAC, fire, security, electrical and other 
systems in your facility.  

	Scalability: Make sure the hardware solution you chose 
can adapt and grow with your needs. The best monitoring 
solutions can also integrate with existing IT networks and 
scale from a just few warehouses to complex logistics 
centers in numerous locations worldwide.   

 

	Wired vs. Wireless: In many warehouses and cold rooms, 
wireless monitoring hardware is the best choice because 
of the large amount of space to cover. Wireless is also an 
advantage if you are continually moving storage racks, 
shelves and bins. Wireless also saves on installation costs 
and repairs. Depending on the sensitivity of the product 
being stored a wired solution may be the best option. 
Wired systems are not affected by interfering electronic 
signals (WiFi, for example) and do provide a faster and 
more consistent data stream. Many operations often 
require both wired and wireless monitoring elements 
combined into one systems.

	Industry Longevity: Be sure to choose a trusted hardware 
solution designed, developed and proven by a brand lead-
er in the industry. Ask for several customer references and 
talk to your peers for recommendations.    



PRACTICAL GUIDE | SUCCESSFUL WAREHOUSE AND COLD ROOM MONITORING 6

4 | Software and Data Visibility
All leading hardware manufacturers provide accompanying 
software solutions that allow you to analyze, assess and 
archive your temperature and humidity monitoring data. 
Several important criteria to consider are the following:

	Data Ownership: Make sure the software (and hardware) 
solutions you choose provide you complete access and 
total ownership of your data. Many solutions do not. 

	Integration: The software should enable bespoke API con-
nection with existing ERP or enterprise software solutions 
and also provide visibility via dashboards.

	Compliance: Make sure the software solution is validated 
(GxP compliant) and provides a full audit trail; also FDA 
CFR 21 Part 11 compliance, and EU GMP Annex 11. 

	Data Storage: Determine if your data should be stored in a 
cloud database solution or hosted on premise. (See chart 
below to compare the differences)

	Alarming: The software should immediately send remote 
warnings or notifications via phone call, email or SMS 
text in the event of temperature or humidity deviations 
outside of specifications.

	Data Management: Software should allow onsite and 
remote users the ability to easily analyze, assess and 
archive data, create and send reports, as well as automate 
processes to save time and eliminate cost.

On-Premises In the Cloud

Works with legacy IT systems May not function well with legacy IT systems

Data may feel more secure
Data secure by third party with 24/7 security measures in 
place

Local IT responsible for maintenance and updates Third party responsible for maintenance and updates

Data stored on local servers managed by local IT Data stored through third party, easily scalability

Additional investments for physical space, energy costs,  
associated equipment, and personnel

Services fees

Local IT responsible for secure network backup In most cases, backup is more secure

Where will you store your data? Carefully consider the differences between each solution before you invest.
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5 | Quality, Compliance and Security
Since most pharmaceuticals and vaccines are shipped all 
over the world in bulk, most of them spend significant time 
in storage and in transit. If the temperature and humidity 
ranges of the storage warehouses and cold rooms are not 
kept in check, the chemical balance of the stored goods 
could be jeopardized. The chemical changes are often 
difficult to detect and could ultimately create a danger to 
patients.

Several factors must be addressed to comply with GxP 
regulations. For example, multiple climate-controlled 
compartments must be available to accommodate different 
drug requirements. These measures have to be document-
ed, and the products should be traceable for purposes of 
risk mitigation, ensuring product stability, and determining 
whether the product is safe to release.

According to Substance Abuse and Mental Health Services 
Administration (SAMSHA), prescription drugs are abused 
more often than any other drug in the United States. There-
fore, there should also be reasonable security measures in 
place to protect products from theft and counterfeit.

All of these considerations go hand-in-hand with an envi-
ronmental monitoring solution. With careful planning and 
due diligence, you can design a solution that is flexible and 
scalable enough to cover all of these requirements.

Conclusion
Of course, there are many other aspects to managing ware-
house and cold storage facilities. Research and experience 
shows us that choosing the right temperature and humidity 
monitoring solution, and properly maintaining it, can result 
in significant long-term cost savings for your organization. 
It is not only an investment in infrastructure; it is also an 
investment in compliance, efficiency, innovation and opera-
tional excellence. 
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For more industry best practices and industry benchmarking opportunities,  
visit our Leading Minds Network online platform at leading-minds-network.com

About ELPRO-BUCHS AG
Founded in 1986, ELPRO is a globally acting Swiss provider 
of innovative monitoring solutions specifically designed 
for the highly regulated pharmaceutical, life science, and 
healthcare industries. As a leader in these fields, ELPRO is 
a “full service” organization offering state-of-the-art data 
loggers, cloud SaaS software platforms, including data 
analytics and a team of validation engineers to support the 
system integration into their customers’ business processes. 
ELPRO is part of the Bosch Group. 
More information at www.elpro.com

TM

Powered by ELPRO

This practical guide with checklist is part of  
the Warehouse & Cold Room website content  
for warehouse managers, operations and QA  
managers as well as logistics professionals.  
Topics include information on routine calibration, 
seasonal mapping, monitoring hardware and  
software as well as quality, compliance and  
security. 

For more information, contact an ELPRO sales rep-
resentative at one of our global subsidiaries  
or authorized distributors or resellers today at 
www.elpro.com/offices 

More ELPRO articles, case studies,  
white papers, and checklists online:  
www.elpro.com/en/resources 

http://
http://www.elpro.com/en/resources
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Checklist

Keys to Successful Warehouse  
and Cold Room Monitoring
The following checklist can be used as a general guide to assess  
your warehouse and cold room monitoring activities. This is only  
a guide and is not be to used or misconstrued as documentation  
to indicate regulatory compliance.

Routine Calibration
Calibration has three primary purposes with regard to warehouse and cold storage  
room monitoring: (1) To ensure the device under test producing precise and accurate 
results; (2) To ensure compliance with regulating bodies; (3) To ensure the integrity  
of the product in storage.

	 Schedule regular calibration of all temperature and humidity data loggers.
	 Retain and archive calibration certificates and records of any service work  

provided for every unit in a secure and traceable environment.
	 Take a risk-based approach to determine whether or not routine annual  

calibration is required.

Temperature Mapping
Temperature mapping is the process of recording and analyzing temperature and/or  
humidity throughout an entire facility under various parameters (e.g., fully-loaded,  
empty). It is a part of the qualification process and mandatory for compliance. 

	 Schedule seasonal temperature mapping studies during peak hot and cold times  
of the year. Note: Mapping studies take time to coordinate. Make your plans for  
summer mapping in the winter months and plans for winter mapping during the 
summer months.  

	 Determine the times when your facilities are empty, full-loaded, or partially full  
during various times of the year. 

	 Determine whether or not you can conduct some of the temperature mapping  
yourself with remote do-it-yourself temperature mapping kits. These can save time 
and cost for certain types and sizes of equipment and smaller storage areas. 

	 Secure and archive the documentation of all studies for qualification and validation. 
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Independent Monitoring Hardware
	 Does the monitoring hardware solution meet the needs and requirements of  

customer SOP and URS for all assets?
	 The continuous environmental monitoring system is GAMP® 5 validated and  

functions completely independent of the building automation system of building 
management system. 

	 Is the independent monitoring solution capable of scaling as operations expand?
	 Is the solution available as both wired and wireless?  
	 Determine the various temperature zones required for the assets your customers 

want to store. 
	 What is the history of the company that developed to solution? Get references  

from the company and industry peers.
	 Determine the total cost of ownership over the next 5 years after installation. 

Software and Data Visibility
All leading hardware manufacturers provide accompanying software solutions that  
allow you to analyze, assess and archive your temperature and humidity monitoring data. 
Several important criteria to consider are the following:

	 Determine who actually “owns” your data. You should have complete ownership  
of it and access to it.

	 Determine if the software can be integrated to your current enterprise software  
solutions or ERP systems. 

	 Determine if the solution is validated and provides a full audit trail;  
FDA CFR 21 Part 11 and EU GMP Annex 11 compliant.

	 Determine the best database hosting solution; cloud vs on premise.
	 Does to software provide adequate remote alarming functions, including phone calls, 

email and SMS in the even tor deviations.
	 Does the software allow onsite and remote users easy access to analyze, assess  

and archive data, create reports and easily automate processes.

Checklist Keys to Successful Warehouse and Cold Room Monitoring


