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ON THE COVER  The EKG and leaves symbolize the importance of sustainability to the life of the earth, an importance that is increasingly being explored and 
implemented in the pharmaceutical industry. 

14  SUSTAINABILITY BY DESIGN FOR PHARMACEUTICAL PRODUCTS
As the pharmaceutical industry faces ever-changing global challenges and market forces, it must review and 
revise product design to ensure that quality products remain available in the marketplace while moving toward 
zero pollution for air, water, and soil. This article provides an introduction on how quality products can integrate 
sustainability by design.

21  CHALLENGES FOR NET ZERO CARBON PHARMACEUTICAL 
MANUFACTURING
Many organizations in the pharmaceutical industry have set net zero carbon goals and targets; they participate 
in the science-based targets initiative or sustainable markets initiative and disclose carbon emissions in 
databases like the Carbon Disclosure Project. The vast majority of those in the pharmaceutical industry have 
shared partial decarbonization plans, but do not yet have concrete plans to achieve these decarbonization goals 
in the next 10–15 years, o� en citing a highly regulated environment as a hurdle. Growing public awareness and 
pressure, as well as technological advances coupled with CO2 prices, are slowly changing the focus, pu� ing the 
needs of our planet on the agenda.

30  SUSTAINABILITY: CORPORATE AMBITION, GOVERNANCE, 
AND ACCELERATED DELIVERY
The imperative for global action to tackle climate change is clear and the pharmaceutical industry has a key 
role to play. Governments have entered into international commitments to reduce climate impact (carbon 
emissions) and protect nature (water, land, air, and biodiversity) with policy frameworks established to facilitate 
and drive progress against agreed targets. The e� ect to the pharmaceutical industry spans its end-to-end 
activities, including the residual impact of used and unused medicines on the environment. Research and 
development, manufacturing, commercial (sales and marketing) activities, and their extended supply chains 
including logistics are all within this scope. 
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of the Year: Martin Lipa: 
An Advocate for Knowledge 
Management

  Celebrating the 2022 ISPE Max Seales Yonker 
Member of the Year Award winner and 
knowledge management. 

 
54   Community of Practice 

Leader Profi les
  Pharmaceutical Engineering begins a new series 

featuring the leaders behind ISPE’s Communities 
of Practice (CoPs). In this issue, we profi le: 

 54   Javier Lozano, Chair of the Disposables/
Single-Use Technologies CoP

 55   Rachel Owen, Chair of the Investigational 
Products–Europe Region Steering 
Committee CoP (IPNA-EU).

58  PRODUCTS AND PRODUCTION
Contamination Trends and 
Proposed Solutions
Contamination is one of the top reasons for medicinal 
product recall by the US Food and Drug Administration 
despite stringent GMP standards enacted by multiple drug 
regulatory authorities  globally. Reports of contaminated 
products from multiple sources worldwide were gathered 
to review overall trends and identify challenges. This 
article proposes recommendations for industry and 
regulatory authorities to address the identifi ed problems.

66   CLEANROOMS 
Cleanroom Recovery Study Using 
CFD Methodology 
Computational fl uid dynamics (CFD) can reduce or eliminate 
the uncertainty associated with a cleanroom facility as the 
planned design can be simulated to predict performance 
to a high degree of accuracy. This article discusses the use 
of CFD for the purpose of predicting and optimizing the 
performance of a cleanroom facility in terms of steady-state 
airborne particulate levels and for estimating the recovery 
time to a particulate challenge per ISO 14644-3.

37   A NEW REGULATORY APPROACH TO 
DRIVE SUSTAINABLE MEDICINES
To enable changes across the pharmaceutical industry, sustainability should be 
included alongside quality, e�  cacy, and safety when assessing medicines. This 
article reviews two case studies that cover sustainable pack types and extension of 
shelf life. With the drive to manage unmet medical need through acceleration of 
drug development programs, postapproval sustainability variations will always be 
required. Here we discuss if current regulations will be � t for a sustainable future.

43   CASE STUDY: MEETING MANUFACTURING 
NEEDS WITH A NET ZERO ENERGY FACILITY
The expected FDA approval for a Treprostinil dry powder inhaler revealed a need 
for the manufacturer to expand its warehousing and logistics capabilities to 
support its growing operations. The company’s senior leadership wanted to ensure 
this expansion came with as minimal an impact on the environment as possible, 
so a key priority was to provide a net zero energy facility. With a vision for what the 
project could be, the team named the upcoming endeavor Project Lightyear. To 
in� nity and beyond, indeed.
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Michael L. Rutherford

Moving to 
One ISPE

2023 continues to move right along—the fi rst quarter is 
almost over. I remain very optimistic about this year as ISPE 
International, with support from the International Board, 
continues to make progress on our 2023 objectives and the 
2023—2025 ISPE Strategic Plan.  

I
SPE has already held two conferences in 2023: the 2023 ISPE Facilities of the Future 
Conference on 31 January–1 February and the 2023 ISPE Aseptic Conference on 
6–7 March. The 2023 ISPE Europe A nnual Conference in A msterdam, The 
Netherlands, is fast approaching on 8–10 May. (Please register quickly as we expect 

this conference to be highly a� ended.)     

SUSTAINABILITY
International initiatives like the Paris Agreement on climate change and the United 
Nations Climate Change Reports on Impacts, Adaptation, and Vulnerability continue to 
emphasize the importance of sustainability for the world and our pharmaceutical 
industry. Increased concerns around sustainability in our industry have driven the need 
for and adoption of better design, development, and manufacturing of biotech and 
pharma products using more efficient processes that reduce resource requirements, 
minimize waste, and reduce or eliminate the use or generation of hazardous 
substances. 

Large biotechnology and pharmaceutical companies and their suppliers have out-
lined their key sustainability targets to meet the goals of reducing direct and indirect 
greenhouse gas emissions in their own operations, as well as sources of greenhouse 
emissions that they control. They are also focused on their supply chains, including 
emissions from their logistics, transportation, and suppliers. These practices have 
resulted in more environmentally sustainable practices and technology throughout 
the drug development process. The importance of sustainability practices in our 
industry has never been greater, and the opportunity for us to learn, share, and drive 
best practices knowledge through ISPE publications, conferences, and forums is what 
our membership wants and needs. I hope you enjoy this issue of Pharmaceutical 
Engineering® and its focus on sustainability.

ONE ISPE 
I’d like to focus on another objective in the 2023–2025 ISPE Strategic Plan: One ISPE. 
ISPE is a global  organization and, as such, needs to function as one and support the One 
ISPE Program and Network of Affiliates and Chapters to  enable content delivery to 
meet regional and demographic needs. One ISPE provides all A�  liates and Chapters 
with the support and ability to grow and be� er serve their local ISPE members while 
globally expanding the ISPE brand and bene� ts. The ISPE International Board and I 
remain commi� ed to supporting the A�  liates and Chapters through the assignment 
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of Board Liaisons and participation in local and regional events 
whenever possible. Supporting each other and growing ISPE is the 
common goal for all of us.  

A key element of One ISPE is to put in place a new updated char-
ter for all A�  liates and Chapters that provides a consistent frame-
work and operating model. A�  liates and Chapters that are part of 
One ISPE receive benefits that support the local level, including 
membership g row t h i ncent ives, d ig ita l ly pac k aged ISPE 
International session videos from select events, and the selection 
of the one o�  cial ISPE Training. Also, all A�  liates and Chapters as 
part of One ISPE bene� t from having an ISPE International Board 
liaison and annual local board orientation and onboarding.

Another key element is the ISPE Affiliate/Chapter Growth 
Fund, which allows Affiliates and Chapters that are part of One 
ISPE to apply for potential funding to support local efforts. 
Financial contributions to this fund are made by Affiliates and 
Chapters with gross revenues over $50,000 and matched by ISPE 
International annually to provide funds for grant requests by 
Chapters and Affiliates to support initiatives. A member-led 
A�  liate/Chapter Growth Fund Commi� ee has been established 
with representation from the Affiliates and Chapters and the 
International Board of Directors to oversee these grants. (A�  liates 

and Chapters are strongly encouraged to identify projects and 
submit grants in 2023.)  

With input from the Affiliates and Chapters, and per the 
Charter Amendment Policy, a revised 2023 Charter was created 
and approved by the ISPE International Board in January and sent 
for signature by A�  liate and Chapter leaders during Q1 2023. With 
the 2023 revision of the A�  liate/Chapter Charter, One ISPE moves 
even closer to expanding our global organization while enabling 
sy nergistic va lue and encouraging coordination bet ween 
A�  liates and Chapters and ISPE International. 

I would like to especially thank Jessica Hardy, ISPE Senior 
Director, Membership & Chapter Relations, and her ISPE team; 
Thomas Hartman, ISPE President and CEO; Mark Hernick, ISPE 
Chief Operating O�  cer; the A�  liate and Chapter Leadership and 
Regional Leadership Committees; and the International Board 
Liaisons for all of their efforts to put in place the new Affiliate/
Chapter Charter process.   

Michael L. Rutherford is Executive Director, Computer Systems Quality and Data Integrity, at 
Syneos Health, and the 2022–2023 ISPE International Board Chair. He has been an ISPE member 
since 2003.
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WOMEN IN PHARMA® EDITORIAL By  Carolina I. Serrano Martinez

Carolina I. Serrano Martinez

MENTOR ISPE LAUNCHES 
FOR ALL GENDERS  

Arriving in the United States at the age of 17 
to pursue my dreams was one of the greatest 
challenges of my life. It it was through this 
experience that I learned the importance of 
challenging my perspective. This was made 
possible through my involvement with ISPE, 
and four years later, I’m proud to announce the 
launch of Mentor ISPE. 

This innovative approach to mentorship rede� nes the traditional 
relationship between mentor and mentee with an all-inclusive 
approach to growth, regardless of gender, age, or industry 
experience. 

Finding ISPE helped me to � nd my way when I immigrated to 
the United States from Colombia in pursuit of my dreams. I was 
alone and trying to navigate a new country and a foreign educa-
tion system. 

I � rst got involved with ISPE when I was a sophomore chemical 
engineering student at Texas A&M University working as a 
Technical Operations Antibiotic Filling Co-Op for Merck. I saw a 
bulletin board � yer promoting ISPE and its member bene� ts, and 
it sparked an idea: we needed an ISPE Student Chapter at Texas 
A&M University. 

SEEKING GUIDANCE AND CONNECTION
I barely understood what ISPE could do for my career or my peers’, 
but I knew  we needed guidance and connections to move forward. 
I’m glad I trusted my instinct. A� er launching the Student Chapter 
with the support of  ISPE’s South Central Chapter and ISPE 
International, I gained access to resources I never thought possible, 
including mentors. These key relationships helped pave the path 
that led me to my current role at Eli Lily as Operations Improvement 
Engineer and Top Talent Engineering Recruiter for Texas A&M. 

Since graduating, I’ve stayed a part of ISPE, and was proud to 
not only get involved as an Emerging Leader, but also to join 
Women in Pharma®. As a woman of color pursuing a career in a 
male-dominated industry, I recognize the importance of Women 

in Pharma, its emphasis on diversifying the pharmaceutical work-
force, and the untapped potential that lies within underrepre-
sented groups. As a result, I was glad to be part of developing 
Mentor ISPE. 

Being a part of one of those underrepresented groups, I have 
experienced � rst-hand the lengths we must go to prove that we are 
capable of achieving great results. Having mentors, especially 
those you don’t necessarily identify with, plays a critical role. 

MENTOR ISPE’S DEBUT
In col laboration w it h Sa ra Brot hers, Women i n Pha r ma’s 
Mentorship Committee Co-Chair, and the Women in Pharma 
Mentorship Commi� ee, Mentor ISPE sets out to connect partici-
pants from all corners of the world, of all ages and experience. 
Each group will consist of one student, Emerging Leader (EL), 
mid-level professional, and senior executive. This di� ers from the 
Mentor Circles because those are regional, while Mentor ISPE is 
international. Each participant will have the opportunity to teach 
and learn from each another regarding the industry, emerging 
technologies, and the future workforce. This program is designed 
to provide emerging professionals access to key relationships to 
move their careers forward, provide insight on technologies for a 
remote work environment, and help senior professionals prepare 
their organizations for the future.  

Carolina I. Serrano Martinez is a Process Engineer at Eli Lily, Women in Pharma Mentor 
Committee Chair, and Women in Pharma Extended International Committee–Emerging Leader 
ISPE Great Lakes Chapter Emerging Leaders Chair. She has been in ISPE member since 2019.

Having mentors, especially 
those you don’t necessarily 
identify with, plays a critical role.
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EMERGING LE ADERS EDITORIAL By Zen-Zen Yen

Zen-Zen Yen

SUSTAINABILITY: 
A Priority for 
Emerging Leaders

Sustainability is a buzzword that has been 
tossed back and forth across industries for 
decades. For a while, it was seen as something 
that consumers didn’t really care about, but 
now the reality is di� erent. According to a 
2022 study [1], nearly 80% of consumers think 
about sustainability when purchasing products. 
Sustainability e� orts can range from a specifi c 
product to an entire brand, or even an industry 
as a whole. In the pharmaceutical industry, there 
is a lot of work to be done when it comes to 
sustainability, but the time is now.

W
hen considering the younger generations such as millen-
nials and Generation Z, sustainability becomes even more 
critical. As these generations gain more buying power and 
become more in� uential, this trend will only continue to 

rise, but it doesn’t stop there. During our last ISPE Germany/
Austria/Switzerland (D/A/CH) Affiliate Board meeting, our 
Emerging Leaders (EL) representatives decided to take the train 
rather than � y despite the di� erence in the trip’s duration because 
they saw it as a sustainable action.

SUSTAINABLE VALUES
For companies to be competitive in the most demanding hiring mar-
kets, they have to feature values in alignment with the best candidates. 
Strong future leaders are often willing to sacrifice pay to work at a 
company that aligns with their sustainable values. While only 17% of 
baby boomers have taken a job because the company championed sus-
tainability, nearly 40% of millennials have chosen a job for that very 
reason [2]. To stay competitive and a� ract top talent, organizations of 
all types have to put sustainability at the forefront of their business. 

Takeda is taking sustainability to heart; it is building its � rst 
zero-energy facility in Singapore [3]. The building, which will 
greatly expand Takeda’s manufacturing capabilities, is the � rst 
net zero carbon emissions structure of its kind in the biotech 
industry in Singapore. Having already achieved carbon neutrality 
in 2020, Takeda is a model organization to look to for inspiration 

and practical implementation ideas when it comes to sustainable 
business practices. While big changes can have a big impact, oper-
ating with sustainability in mind does not have to mean construct-
ing a new set of manufacturing buildings; instead, organizations 
of any size can incorporate small daily practices that, when com-
bined, can make a massive di� erence. Opportunities to reduce the 
impact on our planet can be found in all technical areas.

A DIFFERENTIATING FACTOR
In addition to the idea of planet preservation, sustainability is a 
di� erentiating factor for companies nowadays. Today, consumers 
notice when an organization aligns with their values. It’s not just 
about having the best product anymore; it’s about having the best 
product and making it in a way that people can feel good about 
supporting, or joining as an employee. 

As ELs are increasingly conscious about sustainability, I want 
to drive our engagement in the technical communities to increase 
awareness. Because I believe that collaboration and di� erent per-
spectives are key for providing the best solutions for our patients, 
our engagement as ELs with ISPE’s Communities of Practice 
(CoPs) is one of my key priorities for this year. We will bring those 
groups together on 23 March 2023  in our � rst Emerging Leaders 
CoP Day–Meet the Leaders of the ISPE Technical Communities to  
kick-start and increase our visibility and engagement.

Our industry serves the health and safety of patients around 
the globe, and we can’t do that without factoring sustainability 
into the very fabric of our operations.  
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As the pharmaceutical industry faces ever-
changing global challenges and market forces, 
it must review and revise product design to 
ensure that quality products remain available 
in the marketplace while moving toward zero 
pollution for air, water, and soil. This article 
provides an introduction on how quality 
products can integrate sustainability by design.

S
ustainability by design (SbD) is a framework that aims to mini-
mize impact on the environment along the entire product life 
cycle. To use the SbD method, two concepts of “life cycle” need 

to be simultaneously considered:
1. Product sustainability-associated life cycle (Figure 1):
   raw materials → manufacturing → packaging → 

distribution → use → end of life
2. Drug development life cycle (Figure 2):
    early development → late development → commercial phase

SbD uses life-cycle assessment (LCA) data and eco-design principles 
[1] to inform and direct product decisions that minimize the environ-
mental impact of products by reducing greenhouse gas emissions, 
reducing use of energy and materials, avoiding hazardous materials, 
generating less waste, and improving sustainability potential.

WHY IS SbD NEEDED?
Previous research analysis has shown that the emission intensity of 
the pharmaceutical industry is signi� cantly higher than that of the 
automotive industry [2], although the figures are challenging to 
compare. Pharmaceutical companies want manufacturing, prod-
ucts, and supply chain to be sustainable to drive the high quality of 
products while minimizing impact to the environment. To address 
the environmental challenges, we need a transformational change 
from the way we have been operating to create a sustainable future. 

COVER STORY SUSTAINABIL IT Y

Figure 1: Product life-cycle stages as used for life-cycle thinking 
and assessment.

For that reason, pharmaceutical companies are rethinking how 
drug products are designed, manufactured, transported, adminis-
tered, and disposed of across the full life cycle, including their own 
operations and across the value chain in healthcare systems.

The focus on the whole product life cycle aims to build in sus-
tainability and in that regard, it is analogous to the approach taken 
in the International Council for Harmonisation of Technical 
Requi rements for Pha r maceutica ls for Huma n Use (ICH) 
Harmonised Tripartite Guideline Q8 (R2): Pharmaceutical 
Development, which describes quality by design (QbD) for the 
development of pharmaceutical products [3]. QbD aims to develop 
quality products and processes through active management of the 
development knowledge to build a “design space” that uses scien-
ti� c data to establish both normal operating ranges and a “control 
space” that supports scale-up and operation. In this way, quality is 
“built-in” to the product and process. 

SUSTAINABILITY BY DESIGN 
for Pharmaceutical Products
By Ester Lovsin Barle, Patricia (Trish) Melton, PhD, and Eamon Judge
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ICH Q8 recog ni zes t hat “qu a lit y ca nnot be tested i nto 
products” [3]; it needs to be a part of the development process 
and therefore considered at the very start of the product life 
cycle. To be successful, QbD requires scientific data to sup-
port knowledge of what is quality-critical and how that may 
c ha nge as a process is sca led up com merci a l ly. The more 
knowledge, the broader the design space and the more scope 
for operating within different parts of the design space while 
remaining compliant. Quality risk assessment is a vital part 
of this process.

It wou ld t herefore seem appropr iate to ta ke t he sa me 
approach for SbD: Develop a design space that identi� es those 
aspects of the product or process that drive environmental 
impacts. Conducting this evaluation during the early develop-
ment phase has the potential to support “built-in” sustainability. 
Fundamental to this process is a strategy, integration of envi-
ronmental requirements into drug development, and knowl-
edge development management [4].

INCORPORATING SbD INTO PHARMACEUTICAL PRODUCTS
There are three synergistic workstreams that will deliver effi-
ciency and quality requirements as intended without exceeding 
environmental and ecological boundaries throughout the entire 
life cycle.

1.   Minimizing the environmental impact of products based on 
the principles of eco-design and circular economy

2.  Reducing greenhouse gas emissions, water, and waste from 
the company’s own operations

3.   Engaging with suppliers to reduce indirect emissions 
upstream and downstream in the company’s value chain

The efforts required by these three workstreams are not equal 
and they are not equally used in all stages of the drug product life 
cycle. All three workstreams, however, need to be considered in 
the context of the materials, energy, and overall resources that 
are needed to bring a product to market, and through them in� u-
ence resource reduction.

It has been postulated that up to 80% of a product’s environ-
mental impacts are determined at the development phase. 
Development is the most powerful and cost-effective point to 
address the resource footprint of future products [5], with early 
development (from preclinical to phase 2) having the most impact 
on possible changes, followed by late development (phase 2b to 
approval) [4], as seen in Figure 2. This highlights the importance of 
embedding sustainability in pharmaceutical research and devel-
opment in line with the chemistry, manufacturing, and controls 
(CMC) timelines. 

Figure 2: Pharmaceutical drug product life cycle from development through life-cycle management (Figure 2a) and relative e� orts for 
three workstreams that deliver sustainability improvements during development stages (Figure 2b).

2a

2b

We need a transformational 
change from the way we have 
been operating to create a 
sustainable future. 
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However, it is noteworthy to mention that while major sustain-
ability improvements can be in� uences a� er a lead compound is 
identified through drug discovery and continues through all 
remaining stages of the drug development life cycle, the product 
also bene� ts from improvements to the facility where its manu-
facturing occurs. That is why synergistic e� orts are needed from 
the manufacturing sites to reduce the energy consumption and 

use renewables at manufacturing facilities), as well as engage all 
stakeholders in the value chain.

To design a safe and environmentally sustainable chemical, 
material, or pharmaceutical product, principles such as green 
chemistry, green engineering, sustainable chemistry, circular 
chemistry, and safe by design have been used [6]. Recently, com-
prehensive sustainability improvements for newer modality have 

Table 1: Sustainability opportunities before and after regulatory approval and launch for each life-cycle stage of products. 
Bold = indicated activities in the stage when they are easier to infl uence or adopt.

Life-cycle 
stage Pre-approval and launch Post-approval and launch Examples

Raw materials • Material vendor selection

• Material use

• Restricted substances lists

• Material vendor selection

• Material use

• Material reuse, recycling

• Updates to restricted substances lists

• Water-based synthesis instead of organic solvent [9].

• Green chemistry principles [8].

• Amendment of REACH regulation adding Triton X-100 
(octyl phenol ethoxylate) to authorization list [10, 11].

Manufacturing • Process innovation

• Process improvement

• CDMO vendor selection

• CMO vendor selection

• CMO vendor selection

• Process optimization

• Waste-to-energy

• Secondary energy use

• Renewable energy options

• Kilogram-scale GMP manufacture of Tirzepatide 
using a hybrid SPPS/LPPS approach with continuous 
manufacturing [12].

• By closing the loop and recirculating materials, 
companies reduce new material demand and waste.

• Use of solar farm to reduce site’s carbon footprint, 
consequently reducing the footprint of the products 
manufactured at the site.

• Green engineering principles [13].

Packaging and 
device

• Material vendor selection

• Material type selection

• Packaging design

• Reduction of packaging weight (primary, second-
ary, tertiary)

• Drug delivery device design

• Restricted substances lists

• Recyclability and recycled content

• Material vendor selection

• Material type selection

• Reduction of packaging weight (secondary, tertiary)

• Updates to restricted substances lists

• Recyclability and recycled content

• Thousands of the most notorious chemicals will be 
rapidly banned in Europe, as part of the zero-
pollution goal in the EU Green Deal [14].

Distribution • Renewable energy options

• Vendor selection

• Storage conditions

• Forecast planning

• Maximizing distribution routes

• Renewable energy options

• Vendor selection

• The Science Based Targets initiative provides guid-
ance on setting greenhouse gas reduction goals in 
the value chain in line with climate science. Compa-
nies are working to implement supplier engagement 
strategy to reach scope 3 reduction targets, which 
infl uences vendor selection [15].

Use • Clinical trial planning

• Right the fi rst time

• Responsible use (preclinical, clinical)

• Right the fi rst time

• Responsible use (commercial)

• Right-the-fi rst-time manufacturing minimizes waste 
by ensuring procedures are consistently executed 
according to standard operating procedures [16].

End of life • Maximizing product lifetime (shelf-life) • Packaging waste management

• Packaging recycling

• Pharmaceutical waste reduction (PIE)

• Drug take-back

• Device take-back

• Ongoing revision of the Packaging and Packaging 
Waste Directive (PPWD) will seek to make all packag-
ing recyclable by 2030 with reuse targets [17].

COVER STORY SUSTAINABIL IT Y



While fi nancial investment in novel therapies 
provides patients with new treatment options 
and improved quality of care, the pharmaceutical 
industry also recognizes its responsibility to 
transition toward more sustainable development, 
manufacturing, and stewardship of medicines 
throughout their life cycle.

The pharmaceutical industry commits substantial 
resources in new medicines and treatment options to 
combat a variety of illnesses and diseases a� ecting 
communities globally. This initiative’s goal has always been 
to improve patient care and lives, but now it aims to also 
transition to more sustainable options, particularly the 
principles of a circular economy. For example, currently, 
every 1 kg of small molecule active ingredient can take 
more than 100 kg of materials to produce, requiring huge 
facilities for production and waste disposal, as well as 
long lead times [1]. Therefore, sustainability activities 
focus on identifying and testing alternatives to existing 
pharmaceutical manufacturing processes in terms of 
technology, ingredients, materials used, etc., while 
meeting patient needs as a primary goal.

Sustainability Defi nitions
The term sustainability has several distinct meanings 
in various contexts. The most inclusive comes from the 
United Nation’s 2015 Sustainable Development Goal, 
in which 17 categories and 169 targets promote human 

rights and gender equality in a balance of economic, 
social, and environmental concerns [2]. Many have a 
narrower, focused view of the topic—simply envisioning 
the reduction of environmental impacts through use of 
“greener” technology. 

Others adopt a more holistic view, and allow that 
sustainable product, process, and facility design more 
properly refer to creating product economies that are 
responsible, healthy, just, and profi table [3]. As such, the 
general UN defi nition of sustainability—“meeting the needs 
of the present without compromising the ability of future 
generations to meet their own needs”—is also the basis of 
approaches used in pharmaceutical applications. 

In greening the arena of pharmaceuticals, we therefore 
look holistically at natural, human, and economic 
systems and seek solutions that support quality of life 
for all. Design decisions are evaluated against a triple-
bottom-line concept that incorporates a long-term view 
of assessing potential e� ects and best practices for 
people (social capital), planet (natural capital), and profi t 
(economic capital) [4]. In establishing a scope for the most 
important factors to consider in the corporate arena, 
some are defi ning a company’s environmental, social, and 
governance (ESG) performance [5].

Sustainability Criteria
Environmental sustainability can be defi ned as responsible 
interaction with the environment to avoid depletion 
or degradation of natural resources and ecosystems 
and allow for long-term environmental prosperity. 
Organizations attribute various weight or priority to 

Sustainability Defi nitions for the Pharmaceutical Industry 
By William Whitford and Ester Lovsin Barle

Figure 1: Defi nitions for sustainability concepts relevant to pharmaceuticals as integrated in the wide context of overall sustainability.

CONTINUED NEXT PAGE
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individual environmental burden types for di� erent, often 
individual, reasons. Some can maintain a di� erential 
sensitivity to particular burdens per se and impart 
additional weight to the consideration of those burdens.

For example, not everyone regards, a priori, the relative 
damage to our land, water, or air in the same way. Others 
can emphasize individual burdens due to local (regional 
setting) factors, such as water use in dry regions, or to 
the particular type of products, such as organic solvents 
in oligonucleotide production. Such ranking can also be 
due to special interest goals infl uenced by customers, 
regulations, or bylaws.

Consistent with the preceding general considerations, 
environmental sustainability in the pharmaceutical industry 
can be perceived from two directions: from the side of 
the product or operations, processes and/or facilities, 
both of which are required to achieve a comprehensive 
sustainability program. Sustainability of pharmaceutical 
products can be defi ned considering the recent JRC 
Technical Report (2022) [6], which has provided the 
following defi nitions for sustainable chemicals and 
materials: 

“Sustainability could be formulated as the ability of a 
chemical/material to deliver its function without exceeding 
environmental and ecological boundaries along its entire 
life cycle, while providing welfare, socio-economic benefi ts 
and reducing externalities. Overall sustainability should 
be ensured by minimizing the environmental footprint of 
chemicals on climate change, resource use, ecosystems 
and biodiversity from a life cycle perspective.”

CONTINUED NEXT PAGE T his defi nition is based on criteria from the Organisation 
for Economic Co-operation and Development (OECD)  
(2004) [7] involving reducing the consumption of 
resources and energy and avoiding the use of dangerous 
substances. Additional principles refer to the following:

 ▪ Use of harmless substances or, where this is impossible, 
substances involving a low risk for humans and the environ-
ment, and manufacturing of products in a resource-saving 
manner. 

 ▪ Reduction of the consumption of natural resources, which 
should be renewable wherever possible, and avoidance or 
minimization of emission and introduction of chemicals or 
pollutants into the environment. 

 ▪ Avoidance, already at the stage of development and prior 
to marketing, of materials that endanger the environment 
and human health during their life cycle and make excessive 
use of the environment as a source or sink. 

Sustainability in Application
The preceding sustainability criteria can also be applied 
to facilities, operations, and processes, prompting design 
that conserves natural resources, such as energy and 
water, and utilization of renewable energy sources within 
the ecological boundaries. Sustainable process or facility 
design requires a new way of thinking and approaches 
to a project: be it a new build, renovation, or operations 
development and maintenance. 

This now includes employing critical thinking and a 
science-based approach to innovations and solutions. 
More specifi cally, this involves such design factors 
as the site, surrounding environment and community, 
the buildings (existing or proposed), their interiors, 
operations, and any ongoing maintenance processes, 
until the project reaches the end of its life and its parts 
are recycled or reused. This approach encourages an 
early engagement and harmonization of all stakeholders, 
including designers and building users in the building/
process owner’s purview, while establishing formalized 
project needs and performance targets. 

Finally, the approach taken to facilities and their 
operation should form part of a wider program of attaining 
holistic sustainability goals that span across the value 
chain: all business operations (R&D, manufacturing and 
supply logistics, sales and marketing), the role of various 
tiers of suppliers of goods and services in the supply 
chain, and the end-to-end impact of medicines on the 
environment (covering both used and unused medicines). 

The various program elements within the framework 
presented in Figure 1 will need collective reporting that is 
accurate and auditable to ensure there is no suggestion 
of greenwashing. Some of the many themes relevant to 
the general concept of sustainability will be developed 
elsewhere in this issue of Pharmaceutical Engineering®. 

COVER STORY SUSTAINABIL IT Y

The general UN defi nition of 
sustainability—“meeting the 
needs of the present without 
compromising the ability of 
future generations to meet 
their own needs”—is also the 
basis of approaches used in 
pharmaceutical applications.
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been described [7] showing that assessment against the 12 principles of green 
chemistry [8] are relevant also for oligonucleotides, especially in the areas of 
waste prevention, atom e�  ciency, renewable feedstocks, derivatives reduction, 
and real-time analysis for pollution prevention.

Due to the high importance of bringing new medicines to the market while 
accelerating product development and lowering operational costs, many of the 
potential sustainability improvements identi� ed in drug development may not 
be able to be implemented. Therefore, the progress of product sustainability 
needs to also be embedded in the product’s life-cycle management from the 
product’s � rst launch into the market until its � nal withdrawal (Figure 2). 

In parallel, streamlined LCA should be applied in development phases 
together with qualitative measures providing products’ life-cycle emissions that 
generate comparisons of processes and materials that help identify targeted 
greenhouse gas emission reduction opportunities (e.g., preferred solvents, toxic 
substance evaluation). Although much more complex due to regulatory restric-
tions, some retrofitting of existing commercial drug products with the same 
method will be necessary to reach ambitious environmental goals. The decision 
to engage in retrofitting will need to include volume of product produced, 
process/energy intensity, and stage of the product in life-cycle management. 
Inclusion of sustainability attributes and metrics in the development of 
stage-gating processes will assure that suitability improvements done previ-
ously are not lost.

With patient centricity and quality a� ributes in central focus during drug 
development and commercialization, distinct opportunities before and a� er the 
regulatory approval and launch of the product (Table 1) are feasible, leading to 
improved sustainability performance. SbD starts by intentionally designing a 
more sustainable process in early development. Sustainability metrics are 
established for each step—from scale-up and validation through to the commer-
cialization of the � nal approved product—to avoid any decisions that would hin-
der e� orts to maximize sustainability gains. 

However, these decisions are always in the context of the primary goal of 
getting new medicines to market, particularly in considering new life-saving 
therapies. This undertaking demands collaborative efforts from the entire 
organization because many decisions—such as material use, process design, and 
selection of the manufacturing sites—are locked in place before launch of the 
product. In addition, SbD requires cross-organizational adaptation of digital 
tools and databases, upgrading of capabilities in the drug development and 
technical functions, and sustainability acumen in the entire organization. In the 
end, everyone in the organization can and will contribute to a particular aspect of 
the product life-cycle with sustainability as one of the key criteria in mind.

Another important point to achieving SbD gains is agreeing on the type of 
metrics to use to track the sustainability impacts. Environmental metrics (e.g., 
process mass intensity, atom e�  ciency) have been developed over the past two 
decades to evaluate the environmental sustainability of chemical synthesis 
routes of active pharmaceutical ingredients (APIs) (primary manufacturing); 
dosage form production (secondary manufacturing); and packaging, distribu-
tion, and logistics (end-of-life phase) [18]. Recently, within the European Green 
Deal, the Chemicals Strategy for Sustainability (CSS) [14] identified several 
interventions to reduce impacts on human health and the environment associ-
ated with chemicals and materials (including medicines), which can be applied to 
existing and new medicines. The European Commission (EC) thinking empha-
sizes framework and principles assessing environmental and ecological bounda-
ries [6]. This puts safety and sustainability performance in combined focus, 
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evaluating metrics related to chemical hazards alongside green-
house gas, water, and waste reduction.

In the global pharmaceutical industry, there is clearly a drive 
to minimize the environmental impact of products and processes. 
SbD is a methodical, data-driven process that aligns with the 
principles of QbD: obtain knowledge early and robustly through 
consideration of how the environmental impact can be mini-
mized, de� ning those parameters that are critical to sustainability 
and quality. To reach ambitious environmental goals, combining 
product and facility sustainability design internally and in the 
value chain is required.  
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CHALLENGES FOR 
Net Zero Carbon 
Pharmaceutical Manufacturing
By Keith Beattie, Michael Hell, PhD, Sarah Mandlebaum, 
and Ester Lovsin Barle

The scientifi c community accepts that 
greenhouse gas (GHG) emissions cause 
global warming and climate change [1]. Many 
organizations in the pharmaceutical industry 
have set net zero carbon goals and targets; they 
participate in the science-based targets initiative 
or sustainable markets initiative and disclose 
carbon emissions in databases like the Carbon 
Disclosure Project (CDP; https://www.cdp.net/). 
The vast majority of those in the pharmaceutical 
industry have shared partial decarbonization 
plans, but do not yet have concrete plans 
to achieve these decarbonization goals in 
the next 10–15 years, often citing a highly 
regulated environment as a hurdle. Growing 
public awareness and pressure, as well as 
technological advances coupled with CO2 prices, 
are slowly changing the focus, putting the needs 
of our planet on the agenda.

A recent study published by My Green Lab [2] presented data 
from 74 biotechnolog y and pharmaceutical companies 
tracking the change in scope 1, 2, and 3 carbon intensity 

(measured in tons of CO2 emi� ed vs. the company’s revenue in 
USD) si nce 201 5 . T h i s st udy showed t h at on ly 9 % of t he 

companies currently have targets aligned with a 1.5°C global 
warming scenario by 2030, which is widely acknowledged to be 
necessa r y to avoid t he worst i mpacts of c l i m ate c h a nge. 
However, the target dashboard on the Science Based Targets 
website [3] shows a more encouraging status: 42 of 79 companies 
in the pharmaceutical, biotechnology, and life science sector 
have approved near-term targets aligned with a 1.5°C global 
warming scenario. Thirty-seven companies have commi� ed to 
net zero, yet only four companies have long-term targets.

While commitment to carbon emissions reductions have 
been evolving over the last decade or more, what really counts is 
the progress being made on delivering tangible results. The My 
Green Lab study [2] found that the top 15 best-performing 
companies have reduced scope 1 and 2 carbon intensity by an 
average of 9.02% year-over-year. Yet if we consider these 74 com-
panies to be representative of the entire biotechnology and 
pharmaceutical industry, the carbon intensity has increased by 
over 40% since 2015, with a marked increase over the last 
2 years (2020 and 2021). As a whole, the industry is far from 
performing well in delivering carbon emissions reductions. 
The global healthcare industry is responsible for 4–5% of global 
emissions; in industrial nations, this rises to 10% of national 
em issions, w it h t he pha r m aceut ica l i ndust r y m a k i ng up 
around 20% of healthcare industry emissions [4].

It is becoming clear that there is a large gap between the stated 
emissions reduction targets and the measurable results being 
achieved. A handful of companies have a clear vision and long-
term strategies for delivering their stated commitments. But most 
companies do not. If they did, we would see much more progress 
on embedding fundamental prerequisites, such as energ y 
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e�  ciency, and deploying these at pace within the industry. There 
is a risk that ambitious and achievable industry targets will regress 
into “greenwashing” and not solve the problems at hand.

This article aims to provide some insights to help with 
building organization strategies and action plans for decarbon-
ization and to provide con� dence that no-regrets actions can be 
taken now. The science of climate change is clear, and the sense 
of urgency is building. Much of what the industry needs to do is 
very well-understood, very affordable, supports or improves 
GMP compliance, and relies on proven technologies. It is time to 
move from target se� ing to taking meaningful action, at a pace 
and scale that the industry has not seen previously.

To be� er understand what decarbonization strategies can 
be applied in the pharmaceutical industry, one needs to di� er-
entiate the emissions by source of origin.

GREENHOUSE GAS EMISSIONS 
The scopes of GHG emissions are di� erentiated by what stage in 
the value chain the GHG are emi� ed (see Figure 1).

Scope 1 or direct GHG emissions are emi� ed on premises of a 
particular company, or by company vehicles and mobile equip-
ment. These could be process-related (e.g., using CO2 as inerting 
gas) or not (e.g., providing building heating). Emissions are not 
limited to CO2 as the best-known emi� er, but also other gases that 
have a global warming potential (GWP), o� en signi� cantly larger 
than CO2. These include, for example, refrigerant gases like hydro-
� uorinated carbons. Typically, emissions of all GHG are converted 
and expressed as tons, kilotons, or even megatons of CO2 equiva-
lents (CO2eq) based on their GWP [5].

Scope 2 or indirect (owned) GHG emissions are emissions 
related to energy (most typically electricity, but also heat, steam, or 
cooling) consumed on company premises but generated externally.

Scope 3 or indirect (not owned) GHG emissions are emissions 
generated by the upstream and downstream value chain needed to 
ensure proper operations. In other words, scope 3 emissions are 
scope 1 and 2 emissions of that company’s partners in the value 
chain. These are a heterogenous class of GHG emissions associ-
ated with purchased goods and services to manufacture and dis-
tribute a given product. For pharmaceutical companies, purchased 
goods (e.g., raw materials), use of sold products, and distribution 
typically compose a signi� cant share of scope 3 GHG emissions; 
however, depending on the circumstances and products, other 
categories can also make a sizeable contribution. In the pharma-
ceutical industry, scope 1 and 2 GHG emissions are usually signi� -
cantly smaller in proportion to scope 3 emissions. While scope 1 
and 2 emissions are typically captured well and under the full 
control of a given company, scope 3 emissions are signi� cantly less 
well-understood and not under full control of a company.

GHG emissions associated with a given reporting company are 
di� erentiated by scope 1 (by company-owned facilities and equip-
ment), scope 2 (from purchased electricity, steam, heating, or 
cooling), and scope 3 (emissions in the upstream and downstream 
value chain) [5].

NET ZERO AMBITION IN BIOPHARMACEUTICAL INDUSTRY
Scope 1
Carbon emissions classed as scope 1 are � rmly within the organi-
zation’s control to mitigate but are o� en the most challenging to 
decarbonize. The most signi� cant source of scope 1 emissions is 
associated with on-site combustion to generate heat and power 
using fossil fuels such as natural gas and diesel/fuel oil. There are 
other scope 1 emissions to be considered, including volatile 
organic compounds (solvents) and high-GWP refrigerant gas 
leakage, which can be very di�  cult to abate in a practical and eco-
nomic way in the short term and will most likely be addressed in 
the longer term through process and technology advancements 
and sustainability by design principles.

As most manufacturing sites currently require high tempera-
ture heat for process, sterilization, and/or quality water genera-
tion, the provision of heat can be a major emissions source. 
Historically, many manufacturing organizations have invested in 
cogeneration (combined heat and power) to generate electricity as 
a byproduct of heat generation.

Cogeneration was originally seen as an economic way to pro-
vide energy, as it created a level of energy security and provided a 
carbon reduction benefit. This is no longer the case in most 
instances. The carbon reduction benefit has been negated by 
national electricity grid decarbonization, and fossil fuel energy 
security cannot be guaranteed as seen with the current global 
energy crisis. While there may be economic benefits, these are 
rapidly being eroded with fossil fuel price increases and ratchet-
ing local and national government policy leading to increased 
carbon taxation.

Fortunately, there are alternative, more sustainable solutions 
for heat provision, although not all of these are low- or zero-carbon 

Figure 1: Product level scope 1, 2, and 3 impact categories.
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solutions. Some of these technologies are mature; others are evolv-
ing and developing. Table 1 summarizes the main technologies 
that are currently being evaluated for application in the pharma-
ceutical industry.

ENERGY EFFICIENCY
Before considering fuel switching to a renewable/more sustaina-
ble source, energy e�  ciency must be improved. Energy e�  ciency 

Table 1: Alternative technologies being evaluated in the pharmaceutical industry.

Heat 
Source

Zero GHG 
Emissions?

Description Upsides Downsides

Electric 
Boiler

Yes, if power is gener-
ated from renewable 
sources

Steam/hot water boiler produced by 
electric boiler

More e�  cient (close to 100%) than fossil fuel boilers 
(no combustion losses)

Electricity is often more expensive than fossil fuel 
(per unit)

Requires additional electricity to be available, which 
requires suitable infrastructure

Electric Heat 
Pump

Yes, if power is gener-
ated from renewable 
sources and low-GWP 
refrigerant

Hot water generated by heat pump 
from a consistent low-grade heat 
source, normally air or water

Generally, 3–6 times heat output per unit of input 
energy

Can use waste low-grade heat to boost e�  ciency 
and deliver more useful temperatures

High temperature is limited by technology and 
e�  ciency

Refrigerant can have high GWP (mitigated by use of 
natural refrigerant)

Geothermal Yes Water pumped deep underground is 
heated by the earth through seismic 
and other geological phenomena 

Combined with heat pump to boost 
to higher temperature or reversed to 
provide cooling

Almost completely emissions-free and renewable 
heat source

Low operational cost 

The temperature accessible depends on local 
geological conditions: >150ºC/300ºF required for 
electricity generation and only economically viable 
in regions which are geologically active near the 
earth’s surface (e.g., Iceland, Hawaii, New Zea-
land), but lower temperatures can be attained more 
widely at varying depths and can be used directly or 
boosted by heat pumps for space heating
Deep geothermal yields higher temperatures but is 
more costly to install

Local permitting may be required

Biomass No, it is a combustion 
process

Pelletized plant material (woodchip 
or rice husk is common) that can be 
burnt in a boiler to generate heat

Biomass material from a renewable source

Avoids use of fossil fuel

Can use material that would otherwise be wasted

Biomass source availability can be a major 
constraint

Remains a combustion process, so does emit CO2 
and other GHGs to environment

Can increase scope 3 emissions because it requires 
delivery to site

Concern over land use for biomass vs. food produc-
tion and subsequent deforestation

Biogas 
(methane)

No, it is a combustion 
process

Methane is created and captured 
when anaerobic digestion (AD) breaks 
down organic matter

Existing gas boilers can use AD-generated methane 
with little impact

Can be considered a transition fuel en route to 
completely carbon-free supply

Power purchase agreements can fund generation 
capacity increase

Availability of feedstock for AD plant

Remains a combustion process, so does emit CO2 
and other GHGs to environment

Can increase scope 3 emissions because feedstock 
has to be transported

Green 
Hydrogen

Yes, if hydrogen is gen-
erated from renewable 
sources

Electrolysis of water to generate H2

Evolving technology (immature) not 
currently widely deployed

Completely clean and high-temperature combustion 
process 

Small gas molecule prone to leakage: safety 
considerations are a major factor 

Requires existing boilers to be converted

Supply and cryogenic storage is expensive and 
complex

is often cited as the first renewable fuel and is widely under-ex-
ploited. Using fewer resources to deliver the same or more output 
i s i n he r e nt i n ph a r m a c e ut ic a l b u s i ne s s pr a c t ic e s .  T he 
International Energy Agency (IEA) net zero by 2050 roadmap [6] 
recognizes energy e�  ciency as a key enabler to deliver net zero 
targets. With rising global demand for energy,  doing more with 
fewer  resources is good for the planet, business, and consumers. 
While fuel switching is a cost to be borne over the long term, 
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energy e�  ciency delivers immediate bene� ts with existing, well-
proven technologies and will provide lower utility costs.

Detailed studies conducted by Energy E�  ciency Consultancy 
(EECO2) over recent years have shown that  almost all biotechnology 
and pharmaceutical plants can reduce energy use by 20%–50% by 
applying well-proven existing technologies [7]. Energy e�  ciency 
can affect both scope 1 and 2 emissions, often concurrently. The 
general philosophy for scope 1 reduction is to minimize the high-
grade ( high-temperature) heat demand as much as possible. This 
involves removing steam use and replacing it with low-temperature 
hot water.

Major areas for opportunities in existing facilities are dis-
cussed in the following sections. This is not a comprehensive list, 
but gives some examples for consideration that will be important 
for the low-carbon future. Non-technical measures of energy e�  -
ciency can also be considered, e.g., producing batches that require 
a lot of cooling during cooler periods of the year.

Heating, Ventilation, and Air Conditioning
Heating, ventilation, and air conditioning (HVAC) is o� en the sin-
gle largest user of energy, so it deserves careful a� ention. When 
considering new systems, designers need to account for the 
impact of climate change on design conditions. More extreme 
ambient conditions will be more likely in the future. Indeed, many 
existing systems may struggle to meet internal room require-
ments due to ambient conditions exceeding the design limits.

There are many well-proven energy reduction actions that can 
be applied to existing systems and incorporated in the design of 
new systems (see Figure 2). HVAC used in cleanrooms is particu-
larly demanding and ISO 14644-16 [8] contains useful guidance on 
actions that can be taken. Avoiding over-conditioning of spaces 
leads directly to scope 1 reductions. Controlling very precise tem-
perature and humidity setpoints is hugely energy intensive and 
rarely necessary for product quality. Minimizing outside (fresh) 
air to the lowest level necessary for pressurization can also limit 
heating (and cooling) demands. Where dehumidification is a 

major factor, pre-conditioning the outside air to remove moisture 
prior to mixing can lead to huge reductions in both cooling and 
reheat demands. Maximizing recirculation of air and avoiding 
100% outside air systems where possible should be a goal. Where 
recirculation is not possible, for example, where safety or 
cross-contamination concerns exist, then heat recovery solutions 
can be � � ed as a last-resort, mitigating solution.

When HVAC demand has been fully optimized, there is then the 
possibility to use low-grade heat for conditioning. Progressive and 
forward-thinking design teams are routinely designing new HVAC 
systems to use 40°C–55°C/100°C–130°F or lower water temperature 
for heating needs. This is by no means the predominant design 
practice—but why not? HVAC is an ideal sink for low-grade heat 
recovery, and heat pump e�  ciency is  particularly good within this 
temperature range. Retrofitting low-temperature heating is not 
easy but is possible with creative design and engineering.

Water for Injection 
All national pharmacopoeia, with the exception of China, allow 
the generation of water for injection (WFI) compendial water 
using distillation or any other puri� cation process that is equiva-
lent to distillation methods [9]. In November 2022, the Chinese 
Pharmacopoeia announced the intention to include a chapter on 
ambient WFI in the 2025 edition. This opens the possibility for 
high-quality water generation by ambient processes that avoid the 
need for high-temperature steam. Historically, ambient WFI gen-
eration has not been favored by the industry, preferring to stick 
with the tried and tested methods of multi-e� ect stills and vapor 
compression [10]. There is some logic in this, but even these trusted 
methods can experience problems when not designed, managed, 
or maintained with su�  cient care and expertise.

Facilities of the future should consider adopting ambient WFI 
generation in their designs [10]. There is no mandated temperature 
requirement in any pharmacopoeia [9] and therefore no require-
ment for maintaining compendial water at elevated temperatures. 
Regular sanitization with dissolved ozone is highly effective at 

Figure 2: HVAC energy reduction hierarchy.

-
-



M A R C H /A P R I L  2 0 2 3            2 5

bioburden control and can provide superior results when com-
pared with heat sanitization. The technology is proven to deliver 
the required quality and reliability at a lower environmental and 
cost impact.

Process Heating (Steam)
Where there is a process demand for steam, this will be the most 
difficult area to mitigate, due to the capital investment already 
made in vessels and equipment and the burden of revalidating 
production processes when a change is made, for example, to 
process at lower temperatures. Sustainable product/production 
process design will make an impact in the future, but for the 
immediate challenge the options are limited to:
1.      Maximize the e�  ciency of steam generation, avoid waste, and 

maximize heat recovery.
 ▪ Insulate pipework, valves, and steam trap sets to reduce losses. 

This obvious action remains an area for continuous improve-
ment and easy wins.

 ▪ Maintain steam traps/improve recovery of steam condensate.
 ▪ Retro� t condensing heat recovery systems to combustion/

high-temperature exhausts.
 ▪ Preheat boiler feed water with recovered heat.

2.     Replace process heating loads with electric steam boiler. Having 
first reduced waste/improved efficiency and removed steam 
demand from unnecessary HVAC users, then the remaining 
steam load could be 50% smaller, which makes the transition to 
electri� ed steam generation much easier.

With creative and considered design, many of the solutions pro-
vided can be retro� � ed successfully to existing facilities. Many 
already have been implemented successfully, and there are plenty 
of examples in the industry to support this fact. Nevertheless, it 
remains that transition to a net zero future requires much greater 
deployment at scale of energy efficiency improvements. Some 
organizations already know they have 20%–50% or more energy 
waste in their systems; many others are completely unaware of the 
opportunity for savings that exists. If your organization does not 
have an effective energy efficiency program that is delivering 
5%–10% of e�  ciency gains year-over-year, then you are m issing 
out on the easiest and most e� ective actions you can take to add to 
bo� om-line pro� t and make a positive impact towards reaching 
your net zero carbon goals.

Fugitive Refrigerant Gas and Solvent 
Vapor Emissions
At most pharmaceutical facilities, the emissions related to the 
leakage of � uorinated gases (commonly used in refrigeration sys-
tems) and fugitive solvent emissions (used in various pharmaceu-
tical processes) is small compared with emissions related to 
energy generation and use. These substances are also highly regu-
lated and controlled, much more than other emissions sources, 
with the most GHG impactful substances being phased out over 
time. Nevertheless, these chemicals can have a very high GWP 

value, meaning that even a small amount of fugitive emissions can 
have a large in� uence on global warming.

Alternative low and close-to-zero GWP refrigerants are now 
available, with many requiring equipment change-out. This needs 
to be considered over the mid to long term and may require signif-
icant investment. In the short term, a pragmatic approach may be 
to aggressively reduce leakage rates from equipment, as it is only 
when gases get into the environment that they have an e� ect. 

For solvents, the possible short-term mitigation actions will 
depend on the scale and nature of the processes emitting these 
substances. For the longer term, sustainability by design could 
help eliminate the need for solvent use entirely.

Scope 2
Scope 2 GHG emissions are related to energy that is purchased 
externally and consumed on company premises. Besides electric-
ity, emissions associated with heat, steam, or cold purchased 
externally need to be considered. While the la� er are typically the 
minority of scope 2 emissions and are typically neglected on � rst-
pass decarbonization strategies, non-electricity-associated 
emissions need to be considered in net-zero approaches.

In public language, “green electricity” is very widely used; 
however, electrical power sourced from the public grid is neither 
green nor carbon rich per se, as it is a mix of all sources. Energy 
mixes and associated CO2 conversion factors are available from 
either the local provider or from public databases [12]. In order to 
source 100% sustainable electricity, either an on- or near-site 

Figure 3: Overview of US greenhouse gas emissions in 2020 [11].
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renewable electricity source needs to be established or electric-
ity purchased from the market needs to be linked with a renewa-
ble electricity/energy certificate (REC). An REC is a tradable, 
nontangible commodity that represents proof that a de� ned unit 
of electricity/energy was generated from an eligible renewable 
energy resource.

Arguably, sourcing renewable electricity using RECs is con-
sidered a low-hanging fruit on the decarbonization journey. This is 
true for most developed countries, especially where renewable 
electricity is more available. Care needs to be taken in countries 
with a less-developed renewable electricity infrastructure, espe-
cially where local regulations di� er from global carbon account-
ing standards requirements, (e.g., internationally recognized 
certi� cate standards do not apply and no rights due to the certi� -
cate are transferred to the electricity consumer).

There are several ways to generate renewable electricity or 
other forms of energy; some are also eligible to generate on or near 
company premises. Most common for pharmaceutical facilities, 
as mid-size consumers, is the installation of photovoltaic panels, 
but other technologies like photothermic or geothermic can be 
installed, sometimes in combination with panels. Installing 
on-site renewable capacity technically transforms a scope 2 into a 
scope 1 energy source; however, it is a contributor to scope 2 

decarbonization as it often replaces a carbon-bearing external 
electricity mix with a more renewable footprint. On-site or near-
site renewables can be “classical” investments, i.e., facilities run 
and owned by the operations owner, or through leasing from a 
third party that operates and/or � nanced it initially. The la� er is 
commonly covered by a power purchase agreement (PPA) between 
energy generator and its user, but other forms of partnership are 
possible (e.g., in industrial parks). The choice between a PPA and 
owner operations depends on several factors, e.g., owner know-
how, expected payback timelines, and internal depreciation rules 
and funding priorities.

As photovoltaics are the most commonly used type of on- or 
near-site renewables, key considerations for the business case 
should be discussed. When sizing the appropriate photovoltaic 
capacity for a given site, a few factors need to be taken into 
account: peak capacity, energy storage, structural factors, and 
grid integration. Sunlight and electrical power � uctuate within 
a day and also within a year. Photovoltaic output is commonly 
de� ned in peak capacity (in wa� s); however, it is not a constant 
source of electricity, as would be ideal for pharmaceutical 
operations having a rather stable electricity demand. To com-
pensate, electricity from the grid is typically used. 

Second, this question needs to be answered: whether elec-
tricity generated should be stored and used at later points in time 
to flatten out the electricity supply. Batteries or other storage 
solutions are a nonnegligible cost factor and need to be carefully 
considered. Especially for installations aimed to cover full 
demand of operations, storage should be investigated carefully. 

Third, structural factors like whether the building can 
carry the additional load of the panel installation need to be 
considered, and accessory support structures might be needed. 
Last, the integration of the photovoltaic system in the overarch-
ing energy grid infrastructure on-site (and potentially beyond) 
needs to be examined. Many examples of photovoltaic installa-
tions on or near sites of pharmaceutical sites are evidence of its 
applicability to the industry [13].

Finally, other sources of purchased energy (e.g., steam, heat, 
cold) should be highlighted. In principle, the preceding considera-
tions apply to principles of energy generation, GHG accounting 
mechanism through certi� cates, and use.

In summary, the scope 2 decarbonization strategy for a typical 
pharmaceutical operations site or network resides on sourcing 
renewable energy covered by renewable energy certi� cates, cou-
pled with on- or near-site renewable generation.

Scope 3
Scope 3 emissions are the result of activities from assets not owned 
or controlled by the reporting organization, but that the organiza-
tion indirectly impacts in its value chain [14]. Scope 3 emissions, 
also referred to as value chain emissions, can represent the largest 
source of emissions for companies. In the pharmaceutical indus-
try, the biggest impactors are purchased goods (e.g., materials, 
chemicals), services (e.g., contract manufacturing organizations 
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[CMOs] and contract development and manufacturing organiza-
tions [CDMOs]). These impactors need to be in� uenced directly to 
engage their own GHG reduction, as well as internally though 
product-level decisions.

Strategies for decarbonization of scope 3 GHG emissions are 
manifold. Typically, the absolute emissions, but also the complex-
ity, are higher compared to scope 1 and 2. Keeping scope 3 reductions 
“for later,” however, is problematic, as regulations in more and 
more countries define accountabilities and requirements of the 
manufacturer/market authorization holder concerning their 
scope 3 emissions.

There are three relevant scope 3 accounting standards that 
may be used in pharmaceutical industry:
1.     Scope 3 standard accounts for value chain emissions at the 

corporate level
2.     Product standard accounts for life-cycle emissions at the indi-

vidual product level
3.     Corporate standard, a standardized accounting methodology 

for companies to quantify and report their corporate GHG 
emissions

These three standards provide a comprehensive approach to value 
chain GHG measurement and management [5].

Levers for reducing scope 3 emissions can be grouped into two 
categories: (1) external supply chain levers and (2) internal busi-
ness and design levers. The first category requires engagement 
with Tier-1 suppliers as well as suppliers deeper in the supply chain 
(Tier-2, Tier-3... Tier-n) to incentivize and support them in reduc-
ing their own scope 1 and 2 emissions. Depending on the material 
or service provided by the supplier, the actions for GHG reduction 
can vary greatly. A contract manufacturer would likely have simi-
lar GHG sources and scope 1 and 2 solutions as other biotechnology 
and pharmaceutical manufacturers compared to a transportation 
provider or supplier of agricultural raw ingredients and therefore 
require di� erent mitigating actions. 

Levers for how to engage this variety of suppliers as a customer 
can be mapped on two axes: financial versus nonfinancial and 
reward versus penalty [14]). For example, a � nancial reward could 
be providing bene� cial terms while a non� nancial penalty could 
be the use of decarbonization criteria in procurement [15]. For 
suppliers to address their own scope 2 emissions, which are part of 
customers’ scope 3, suppliers can join strategic partnerships for 
sourcing renewable energy, such as the Energize program via 
Schneider Electric [16].

The second category covers the internal business choices that 
have an influence on scope 3 emissions. This could range from 

Figure 4: Roadmap to net zero through product environmental footprint.

Set product-level 
sustainability targets 

based on corporate goals

Gain insights and identi fy 
hotspots based on life-

cycle assessment



2 8             P H A R M A C E U T I C A L  E N G I N E E R I N G

product and process design decisions (e.g., solvent selection, 
inhaler propellant replacement, and packaging design) to 
employee travel and commute policy (e.g., limiting air travel, 
favoring zero/low-emissions modes of transportation on daily 
commute), and everything in between. To accelerate decarboniza-
tion across the value chain, it is also important to push for addi-
tional innovative solutions, by funding and piloting new green 
technology [17].

A product-dr iven scope 3 perspective a i ms at ma k i ng 
informed choices to reduce GHG emissions from pharmaceutical 
products. The � rst step is to understand the carbon footprint of 
the full life cycle of the product. This assessment helps identify 
“hot spots” or key drivers of carbon footprint, which in turn helps 
indicate activities that could have the most impact on scope 3 
emissions. Based on the calculations used for product declarations, 
the emissions baseline can be assessed, and scope 3 reduction 
planning can be done. In general, these will be done via prioritiz-
ing, identifying, and implementing design levers in research and 
development. In addition, depending on the company climate 
goal ambitions, additional investigation into design lever oppor-
tunities for the commercial portfolio is needed. Decarbonizing 
commercial products is challenging due to the highly regulated 
nature of the industry. However, depending on a product’s re� l-
ing schedule, opportunities will arise to integrate scope 3 reduc-
tion opportunities.

When combined with an action plan and performance meas-
urement, product-level sustainability standards form the basis 
of an effective scope 3 reduction strategy, helping businesses 
meet evolving net zero requirements and respond to pressures 
from customers, value chain, and regulators (Figure 4). It is 
important to note that external manufacturing in CMOs contrib-
utes to scope 3 emissions. Outsourcing to CMOs does not elimi-
nate GHG emissions; it just shi� s the scope 1 and 2 emissions to 
the CMO and scope 3, which may have a worse emissions pro� le 
than a company-owned manufacturing sites. Therefore, it is 
important to carefully select CMOs (as well as other suppliers of 
goods and services), to ensure they have acceptable environmen-
tal sustainability credentials, and to verify they apply rigorous 
GHG emission reduction protocols.

CONCLUSION
Given the urge to address climate action, the pharmaceutical 
industry must contribute to a global solution of this crisis. 
Strategies are based on a mix of generic, industry-wide, sector-
specific, and company-specific approaches, which need to be 
embedded in the framework of international guidelines and 
declaration and control mechanisms. Some elements of the decar-
bonization journey can be considered quick wins: others require 
signi� cantly more time, � nancial resources, and e� orts.

Top management needs to be—and remain—engaged in this 
journey, which will be a task for decades to come. While the phar-
maceutical industry has not yet experienced very strong regula-
tory, public, and customer/patient headwinds when it comes to 

sustainability, expectations and pressure will rise. For example, 
environmental, social, and governance (ESG) ratings and sustain-
ability reports have gained enormous importance to financial 
analysts and investors and will be increasingly scrutinized. 
Investing in sustainability is no longer seen as nice to have, but as 
an essential investment in future-proo� ng any company’s foun-
dation. Moreover, being focused and delivering on sustainability 
is a crucial factor in attracting and retaining the right talent 
[18, 19], especially among the younger generation.

Last, e� orts to achieve decarbonization may also have other 
benefits, such as reduced resource footprint (e.g., reduction of 
water and waste), including circularity principles into the opera-
tions (e.g., solvent, water recycling) and products (e.g., recycled 
content in packaging, reduction of packaging weights).  

FE ATURE SUSTAINABIL IT Y
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SUSTAINABILITY: 
Corporate Ambition, Governance, 
and Accelerated Delivery 
By Guy Wingate, Ylva Ek, and Patricia (Trish) Melton, PhD

The imperative for global action to tackle 
climate change is clear and the pharmaceutical 
industry has a key role to play. Governments 
have entered into international commitments to 
reduce climate impact (carbon emissions) and 
protect nature (water, land, air, and biodiversity) 
with policy frameworks established to facilitate 
and drive progress against agreed targets [1, 2]. 
The e� ect to the pharmaceutical industry spans 
its end-to-end activities, including the residual 
impact of used and unused medicines on the 
environment. Research and development, 
manufacturing, commercial (sales and marketing) 
activities, and their extended supply chains 
including logistics are all within this scope.

A
s emphasized at the recent UN Climate Change Conference 
COP27 (held at the end of 2022 in Sharm el-Sheik, Egypt), interna-
tional focus is now on implementation. Supporting standards for 

science-based targets are available and being re� ned to help organi-
zations measure and manage their environmental impact [3, 4]. Most 
companies have some existing initiatives underway, but many do not 
yet have a fully comprehensive and integrated program. 

This article explores effective management and oversight 
processes for accelerated delivery of large-scale programs of work. 
Practical challenges of working across multiple organizations and 
countries are discussed together with the growing expectation for 
independent audit and assurance of claimed benefits delivery. 
A collaborative mindset must prevail between pharmaceutical 

companies, suppliers, and regulators and include strategic part-
nerships that go beyond the pharmaceutical sector so we can move 
together to a more sustainable future.

SCOPE AND SCALE OF CORPORATE AMBITION 
Company boards have a duty of service to their shareholders to 
proactively identify and address key risks impacting their organi-
zation. These expectations are de� ned in various national codes 
[5–7]. Failure to properly address the topic of environmental sus-
tainability not only impedes wider efforts to address climate 
change, but also could have a material impact on the company’s 
business. For instance, in the future, the company might be unable 
to supply products and services against new and emerging sus-
tainability requirements, lose sales to competitors who are recog-
nized for their superior sustainability performance, or receive 
� nancial penalties or � nes for noncompliance.

There are also less tangible, but still very important, reputa-
tional risks associated with not taking the topic seriously enough, 
including damaged reputation—making it harder to attract and 
retain key talent, especially as potential new recruits become more 
value driven in their choice of employer—and loss of public good-
will and government discretion, which could adversely impact rev-
enues and investment decisions. The risks are equally applicable to 
both privately owned and publicly traded companies. 

Small- to medium-sized pharmaceutical companies, together 
with suppliers of goods and services, are not typically held to the 
same governance standards as larger companies. But they will 
still need to align with their customer requirements, prioritizing 
environmental sustainability alongside rather than behind reve-
nue generation. Alternative sources of supply may be sought if 
suppliers cannot meet their customer expectations. A robust dis-
cussion will be required for the company board to agree on the 
level of ambition for their organization. 

FE ATURE SUSTAINABIL IT Y
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Environmental sustainability goes beyond continuing con-
ventional energy reduction and waste elimination programs to 
include impacts on water courses (e.g., antimicrobial resistance), 
effects of pollution on air quality, and a focus on biodiversity, 
including preserving and restoring ecosystems. The public and 
investors expect meaningful and stretching goals (e.g., a time 
horizon of 2030 is much more engaging than 2050). Future market 
access for medicines will increasingly depend on sustainability 
prerequisites being satis� ed before being able to supply: for exam-
ple, risk assessments needed for EU product authorization [8], and 
performance data accompanying commercial tenders for UK 
National Health Service. 

In response, many companies are introducing a new dedicated 
Environment, Social, and Governance (ESG) scoreboard that will 
be published as part or alongside the annual shareholder report. 
Both the company’s carbon footprint (CCF) and product carbon 
footprint (PCF), which describes the total amount of carbon emis-
sions generated by a product or a service over the di� erent stages 
of its life cycle, for their highest-impact products should be 
included in the ESG scoreboard. It is key that sustainability goals 
are con� rmed as achievable before they are published. A meaning-
ful method of reporting tangible progress should also be devel-
oped that can be consistently applied over the years ahead. 
Environmental sustainability programs are long-term (ongoing) 
initiatives and cannot be reported the same way as shorter-term 
ne w pro duc t de ve lopme nt s , f ac tor y bu i ld s , or m ajor I T 
deployments. 

Company boards should anticipate some tough internal debate 
when setting goals. Being bold will require business model 
tradeo� s such as key investments in new facilities or reformulated 
products, closing facilities that can no longer meet expectations, 
and changing suppliers and service providers where needed. 
Companies are expected to take responsibility for ensuring their 

suppliers and service providers are aligned with their goals. They 
cannot abdicate corporate accountability for environmental sus-
tainability by handing over responsibilities to a third party. 
Rather, companies must ensure what they do is appropriate and 
proportionate. 

Company boards should expect growing pressure from the 
public, shareholders, governments, and employees to do more and 
go faster. Interim targets for end goals should therefore be set to 
challenge conventional “straight-line” planning (as shown in 
Figure 1), which will miss the end goal if some unforeseen event 
disrupts progress unless a heroic e� ort is made to recover perfor-
mance (the so-called “hockey-stick” performance profile). It is 
recommended that an early step-change in tangible performance 
is sought to accelerate overall delivery so that if some unforeseen 
event disrupts progress then it is still relatively easy to achieve the 
end goal performance (an “inverted hockey stick” performance 
pro� le) (see Figure 1). 

This change in mindset will increase pressure in the busi-
ness. Company boards can expect some pushback from leaders 
and managers who will already be consumed with existing busi-
ness objectives. It is vital to be clear on priorities to mitigate the 
squeeze on middle management and ensure creative thinking is 
employed to seek win-win solutions that collectively address 
improved sustainability performance, qua lity, and safety 
alongside other business objectives. Development of a clear 
decision-making framework will help establish and maintain 
consistent and ethical priorities.

It is quite possible that, despite best endeavors, companies will 
not be able to fully realize absolute goals such as net zero carbon or 
net positive nature. In this scenario, offsets may be required by 
which the company invests in external initiatives to improve 
environmental sustainability. Ideally these initiatives will be in 
the same geographic region and address the shortfall in a 

Figure 1: Planning for accelerated delivery.
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particular goal (e.g., investment in forestry developments or water 
preservation). 

The use of o� sets has come under some criticism owing to it 
being perceived as an excuse for not doing more within the busi-
ness. Therefore, before deploying offsets, companies should be 
able to demonstrate that they did as much as reasonably practical 
to directly address parameters under their control. Remember, 
too, that some o� set projects will take many years to come to frui-
tion before a company can claim credits for bene� ts realized: new 
woodland, meadows, etc., must mature before they can realize 
their full potential for carbon reduction, and then these ecosys-
tems must be maintained over the long term to secure and pre-
serve these as ongoing bene� ts.

Once the company’s strategic goals and the resulting � nancial 
implications are understood and agreed upon, a transformation 
program with supporting governance and reporting can be put in 
place. The company board should be given a progress report at 
least annually, and more frequently if there are decision points or 
escalation items requiring their attention. A suitable scorecard 
will need to be developed to show progress against strategic objec-
tives comprising a mix of both lead and lag measures. 

Company boards should consider having external veri� cation 
of progress on their environmental sustainability goals rather 
than relying on internal reporting to avoid claims of “greenwash-
ing” and the damage that can do to cor porate reputation. 
Independent certi� cations and statements of assurance can then 
be used in annual company reports to shareholders. External 
lobby groups and industry benchmarking organizations such as 
Dow Jones Sustainability Index and Sustainalytics’ ESG ratings 
will use this and other information released by the company to 
assess progress. In the future, a common standard comprising a 
simple set of vital few measures for ESG reporting may emerge. 
But in the meantime, companies need to align to evolving best 
practices.

TRANSFORMATION PROGRAM
A transformation program comprising key workstreams and 
appropriate governance oversight will be needed to deliver on 
company goals. Consideration should be given to design the work-
streams to best � t existing organizational structures, objectives, 
and priorities. Not all workstreams will trigger new projects; it 
should be possible to augment existing work. 

A central transformation team should be formed that is con-
nected with local business functions and project teams to manage the 
transformation. The head of that team should have a proven track 
record of portfolio program management across multiple business 
units given the potential size of the program. Maintaining strong 
links with key stakeholders across the business will also be very 
important. Formal quali� cations in program management, such as 
PRINCE2 [9] or PMI certi� cation [10], and leveraging any previously 
established working relationships will be advantageous.

Some firms have elected to create a central funding pool to 
resource all related projects, whereas other � rms have asked their 

business to integrate sustainability into their existing business 
plans. While each approach has its pros and cons, the most prag-
matic approach would seem to be a fusion of both. This would help 
ensure a good balance is struck between local managers having 
ownership without overwhelming them with a new central pro-
gram in which they feel they have li� le in� uence. Costs should be 
monitored and benefits tracked so that ROI projections can be 
a�  rmed. The CEO and CFO should be fully engaged and support 
expenditure plans where the total spend over multiple years on 
environmental sustainability is very large.

Company standards for various aspects of environmental 
sustainability should be de� ned in technical documents and pro-
cedures that complement Good Clinical Practice (GCP), Good 
Laboratory Practice (GLP), Good Manufacturing Practice (GMP), 
Good Distribution Practice (GDP), etc. that apply to the scope of 
activities undertaken by their organization. The quality of phar-
maceutical products must not be adversely impacted; patient 
safety must be protected at all times. And of course, standards and 
operating procedures should be kept up to date under change con-
trol. New and emerging nongovernment organization (NGO) 
guidance, government legislation/regulations, and other recog-
nized reference standards (e.g., national tender requirements) will 
also be separately monitored to ensure internal standards remain 
in compliance. 

A training curriculum with supporting technical training 
courses will be essential to build wider organizational capability. 
Do not assume existing training programs cover what is needed in 
su�  cient detail. Many new graduates will be very familiar with 
the latest sustainability developments and expectations, whereas 
other sta�  may lag behind what is needed without realizing it. It 
may be necessary to create bespoke training to meet local needs 
where standard training materials are not available. Further 
training may also be needed for management engagement and 
supportive behaviors. Competence-based functionality and 
assessments can be provided in training where appropriate to help 
assure a successful capability build. It may be necessary to hire 
subject ma� er experts to develop and maintain these standards 
and provide technical support in this fast-moving topic area.

Timely and accurate progress reporting will be needed: overall 
company performance for senior executives, workstream level for 
program management, and at a local business level. A set of opera-
tional key performance indicators (KPIs) should be de� ned for the 
transformation program to measure tangible performance 
improvement and not just consist of progress reporting on pro-
gram activities. Where possible, the KPIs should link to externally 
defined measures used by external lobby groups and industry 
benchmarking organizations. 

A subset of sustainability metrics should be selected for inte-
gration within business dashboards to promote a balanced and 
considered view on overall business performance and ensure sus-
tainability does not become viewed as a silo. More specific local 
business performance dashboards can be developed with relevant 
measures to track and drive the transformation bo� om-up. 

FE ATURE SUSTAINABIL IT Y
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The central transformation team should be transparent and 
escalate poor program delivery and poor performance improve-
ment. Calculations behind performance measures need to be 
clearly defined and controlled. It is important to recognize that 
small changes in the math used may simplify internal processes 
but they can also mean those same calculations become out of 
sync with external benchmarks de� ned by independent organiza-
tions overseeing industry progress. Care must also be taken to 
ensure no gaps or double accounting exist in the overall calcula-
tion of climate and nature impact in the supply chain. This can be 
particularly challenging when considering the contribution of 
third parties who do not yet have the methodology or means to 
provide accurate � gures.

GOVERNANCE
Overall governance should be kept as simple as possible. Given the 
signi� cance of environmental sustainability, it will most likely be 
appropriate to have a new dedicated top-level forum to provide 
strategic direction and to oversee implementation and delivery of 
targets. The seniority of the appointed chair of the top-level forum 
will indicate how seriously the company is taking environmental 
sustainability (e.g., having C-suite chair would set a clear tone 
from the top of an organization). 

Representatives from R&D, manufacturing and supply, and 
commercial should all be included at the top-level forum, along 
with the main functions needed for delivery such as the sustaina-
bility group, engineering, procurement, legal, and corporate com-
munications. The quality function must also be engaged where 
sustainability changes impact product registrations, analytical 
testing, manufacturing processes, etc. to ensure that the quality, 
safety, and e�  cacy of medicines and devices are not compromised 
in any way. Of course, care must be taken to ensure quality is not 
used as a change barrier to avoid sustainability improvements 
where there is no impact on product quality. Stakeholders will 
need to be fully informed so that they can have robust conversa-
tions and agree on the best solution in what are sometimes di�  cult 
and challenging situations.

Responsibilities for members of governance fora should be 
assigned to named individuals. Decision-making expectations 
and meeting cadence should be clear. More frequent governance 
meetings should be considered when initially se� ing up the trans-
formation program and its supporting activities compared to later 
routine oversight of established work items. 

Existing company governance structures and processes can 
be used to support this new top-level governance, assuming these 
meetings can give su�  cient priority and agenda time to environ-
mental sustainability. Amendments will be needed to terms of 
reference and membership of governance meetings. New dedi-
cated oversight will be required where exiting governance cannot 
be leveraged. 

Financial impact assessments that test various business sce-
narios should be refreshed each year, with their output linked into 
routine business planning. The first intent should be to avoid 

environmental impacts (e.g., applying new technology or perhaps 
simplifying a process to remove a problematic step). Consideration 
can then be given to reducing the environmental impacts that 
remain. For instance, a company could consider dramatically 
improving internal circularity to reuse what might otherwise be 
waste materials. 

Another example might involve developing symbiotic rela-
tionships with other companies for them to use what might other-
wise be waste (a “circular economy”), e.g., reusing preheated water 
between neighboring � rms or enabling a critical mass of plastic 
packaging materials to be collected for reprocessing. Firms 
co-located in a shared building or on a shared campus might also 
work together to reduce the environmental impact of communal 
energy streams. An example of this in practice is the Kalundborg 
Symbiosis, a public-private partnership between pharmaceutical 
and other companies in Denmark in which they proactively design 
their businesses operations to exchange material, water, and 
energy streams to reduce their expenses as well as their collective 
environmental impact [11].

A repeating cycle of risk scenarios can be spread over several 
years—for instance, key products followed by internal operations 
and then external supply chain—to build up a comprehensive pic-
ture that can be shared with the company board. Guidance with 
supporting templates and tools has been issued by both the Task 
Force on Climate-Related Financial Disclosures (TCFD) and the 
Task Force on Nature-Related Financial Disclosures (TNFD) [12, 
13]. These assessments provide a vital link that aggregates various 
company risk mitigation activities into a consolidated report.

The quality of 
pharmaceutical 
products must not be 
adversely impacted; 
patient safety must be 
protected at all times.
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PROGRAM MANAGEMENT
A holistic and comprehensive program plan needs to be devel-
oped to coordinate the various workstreams that span the com-
pany. Each workstream may contribute to more than one of the 
company’s sustainability goals. Detailed plans for each work-
stream need to be developed with critical paths to capture the 
rate-determining activities that must be successfully completed. 
Potential bottlenecks between parts of the organization that 
should work together will need to be addressed. Organizational 
silos must not be allowed to impede progress. Plans should be 
aligned with business plans, with interdependencies identi� ed 
for proactive management. Roles and responsibilities between 
the central transformation team and local business units need to 
be clear. There should be a clear handshake between central and 
business governance. 

Waterfall charts are recommended in order to identify a series 
of improvement opportunities for each end goal (e.g., reduction in 
carbon, wastewater reduction, improved air quality, increased 
biodiversity index). The charts can be used to prioritize opportuni-
ties to be implemented within the workstreams and to give con� -
dence that goals will be achieved. Implementation glidepaths for 
each goa l can t hen be developed for conventiona l project 
management. 

Supporting KPI dashboards should be developed with lag and 
lead indicators to track current achieved performance and pro-
spective performance improvements, respectively. Care must be 
taken to avoid the mix of workstream plans and waterfall charts 
becoming too complex, as this will impact the ability to e� ectively 
maintain them. It is important to be able to drive delivery and 
maintain momentum of the overall program. 

The central transformation team should also put into place 
e� ective risk management processes that acknowledge and lever-
age local processes and procedures. Introducing a rigid central 
standard that overrides local practices can cause confusion and 
lead to a lack of ownership. Guidance on risk assessment should be 
provided to promote consistent understanding of the signi� cance 
of risks. Risk logs should be maintained to track progress with risk 
mitigation. Risk treatment needs to be timely and proportionate to 
the characteristics of the risk posed, with local risks managed 
according to local practices. 

Interventions will be needed where warning signals of emerg-
ing challenges are identi� ed to avoid them becoming problematic. 
Realized problems should receive an e� ective root cause analysis 
with on-time closure of remedial actions reviewed by appropriate 
governance. Solutions for thematic issues and problems should be 
shared across the business, recognizing that global plans will 
require approval by top-level governance and should be tracked to 
complete by the central transformation team. Escalation items 
should only be referred to top-level governance if they cannot be 
resolved at a local level. 

Communicating keynote successes will help encourage 
engagement and support. It is important to select meaningful 
news items rather than rely on KPI metrics. Stories that are easily 

shared are best, describing a tangible achievement: for example, 
zero to landfill for a region or globally, formulations changed to 
remove impact on endangered species or habitats, and external 
awards from accredited authorities such as Carbon Disclosure 
Project certi� cation.

Companies should ensure transparent reporting against 
established public standards—such as the Greenhouse Gases 
(GHG) Protocol Corporate Standard, which categorizes carbon 
emissions associated with a CCF—and high-visibility metrics 
such as the product carbon footprint (PCF). Both CCF and PCF tar-
gets and achievements, together with progress against any nature 
goals, should be published for full transparency [14]. 

Supply Chain and Supplier Partnerships 
It can be challenging to assess and track the climate and nature 
impact in the value chain that is out of the direct control of a phar-
maceutical company due to the numerous parties and processes 
involved. A� ention should initially be given to � rst-tier suppliers 
to identify the biggest opportunities upon which to focus improve-
ment efforts. After this, second- and third-tier suppliers can be 
prioritized where they have a particular role to reduce climate 
impact and improve nature associated with a � nished pharmaceu-
tical medicine. 

The influence that an individual pharmaceutical company 
has on a supplier can be very limited when they represent only a 
small proportion of that supplier’s business. In these situations, 
it is worthwhile to engage in collaborative initiatives with other 
companies that have aligned interests to increase leverage on 
that supplier (pending compliance with anticompetition laws 
and suitable con� dentiality agreements). 

The Ecovadis’ ESG platform—with its standard performance 
scorecards, benchmarks, and performance improvement tools—
is a good example of how many companies are se� ling on a com-
mon approach. The use of such platforms and supporting tools 
makes processes more cost-e�  cient for suppliers too, reducing 
the number and variety of assessments received and progress 
reports requested from different customers, and for different 
supplier manufacturing sites related to the same customer. 

Strategic partnerships provide another means to help suppli-
ers that might otherwise not be able to access green initiatives. 
For example, the Energize initiative involving Schneider Electric 
and 10 pharmaceutical companies is aimed at facilitating access 
to the green energy market for power purchase agreements for 
hundreds of small- to medium-sized suppliers that might not 
otherwise be readily available to them [15]. The program is a 
� rst-of-its-kind e� ort to leverage the scale of a single industry’s 
globa l supply c ha i n i n a precompet it ive fash ion to d r ive 
system-level change. 

Environmental sustainability, of course, is just one factor 
considered when engaging suppliers. Many pharmaceutical com-
panies are integrating sustainability as one of a number of top-
ics—such as human rights and quality, health, and safety—to be 
evaluated and managed together within an integrated approach. A 
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single supplier audit may cover multiple topics instead of having a 
separate audit for each topic, and the results of that audit shared 
within a customer community with appropriate con� dentiality. 
The procurement department will need to work closely with the 
business, including the quality department and other relevant 
functions, to understand the consequences of serious de� ciencies 
and agree on action plans. 

Some changes can take a long time to implement, especially if 
regulatory approvals are needed. Ultimately, if a supplier is unable 
to meet a customer’s sustainability expectations or requirements 
for another topic, and they cannot address the root cause behind 
that, then an alternative source might be sought. Care must be 
taken to ensure selected alternatives do not bring other more 
pressing problems to the supply chain, such as compromised 
product quality. Early decisions will therefore be needed on criti-
cal supplier relationships so that actions can be completed in a 
timely manner that does not compromise the pace of overall sus-
tainability transformation.

CULTURE CHANGE 
A shi�  in organizational culture will almost certainly be required 
to support corporate transformation. It is our experience that 

there will likely be a strong pull from the broader workforce in 
support of company e� orts toward environmental sustainabil-
ity. Indeed, many employees will want to be proactively involved 
in initiatives. While a company will not want to distract employ-
ees from their immediate duties, it is also important not to 
dampen their enthusiasm and commitment for sustainability. 

Many companies are engaging their workforce through tan-
gible activities through which employees can feel that they are 
making a contribution. A good example is the removal of unnec-
essa r y single-use plastics in t he laborator ies a nd on-site 
cafeterias. Another example is restoring land in the immediate 
vicinity of company building to promote biodiversity and to cre-
ate walking routes for employees to relax in their breaks (with 
the added bene� t of the well-being these spaces can provide). 

Middle managers may be more reluctant to fully engage with 
a corporate transformation program. They may feel squeezed 
with too many and changing priorities and environmental sus-
tainability can come across as another item on their growing list. 
The corporate transformation program needs to ensure business 
priorities are clearly aligned with sustainability goals, rather 
than trying to make space for separate new targets. An almost 
seamless integration of objectives will make a big di� erence to 
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ge� ing things done. A focus of what really ma� ers each year, and 
it will change year to year, will be key to success. 

Last but not least is the role of senior leaders. They need to 
lead from the front and not just assign a member of their respec-
tive management teams to take accountability for sustainability 
on their behalf. The corporate transformation o�  ce should take 
time to map out senior stakeholders and consider how to best 
support them in their company’s journey. Some leaders will be 
natural champions for environmental sustainability, and others 
less so. Keeping the company’s sustainability objectives and 
transformation program simple and straightforward will help 
engage leaders while establishing a clear roadmap of projected 
achievements that can be used to illustrate their commitment 
and success. 

Incentive schemes are worth considering for senior leaders, 
middle managers, and the broader workforce to foster and reward 
the good governance and practical execution needed for a success-
ful environmental sustainability transformation. Experience 
suggests that selecting a couple of current KPIs from the ESG 
scoreboard works well for shared bonuses and can be supple-
mented with personal objectives used in annual performance 
reviews relevant to an individual’s role. Pharmaceutical compa-
nies can also use recognition events with accompanying publicity 
to encourage the participation and performance improvements of 
suppliers. Transparent targets and progress reporting across the 
supply chain will promote engagement and wider con� dence in 
achieving commitments.

CONCLUSION 
Our industry is commi� ed to the patients we serve. This com-
mitment goes beyond the efficacy, safety, and availability of 
products to address medical needs to include the environmen-
tal sustainability of our business operations and products. 
Compre he n sive ac t ion by ph a r m aceut ic a l comp a n ie s i s 
required to facilitate the necessary transformation for environ-
mental sustainability. 

We hope this article inspires the following considerations: 
  ▪ Has my company set the right level of ambition to help combat 

climate change?
  ▪ Is corporate governance strong enough to drive progress?
  ▪ What can be done to do more and go faster?

This article aims to answer these questions with shared insights 
and experiences on how to establish and manage successful com-
panywide programs for accelerated delivery of environmental 
sustainability goals. Such programs will be large and complex, 
presenting a multitude of challenges to manage. Their smooth 
running and transition to “business as normal” belies the plan-
ning and execution e� ort to make it so. 

Further information on project management to help up set up 
an environmental sustainability program can be found in ISPE’s 
Good Practice Guide: Project Management for the Pharmaceutical 
Indust�  [16].  
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To enable changes across the pharmaceutical 
industry, sustainability should be included 
alongside quality, e�  cacy, and safety when 
assessing medicines. This article reviews 
two case studies that cover sustainable pack 
types and extension of shelf life. With the 
drive to manage unmet medical need through 
acceleration of drug development programs, 
postapproval sustainability variations will 
always be required. Here we discuss if current 
regulations will be fi t for a sustainable future. 

F
or decades, the pharmaceutical industry has worked to trans-
form the lives of patients by researching, developing, and man-
ufacturing medicines for a wide variety of common and rare 

diseases, something that will continue for many years to come [1]. 
Now there’s an additional focus: sustainability. The implementa-
tion of sustainability-driven initiatives associated with the manu-
facture of medicines faces many challenges from a chemistry, 
manufacturing, and controls (CMC) regulatory point of view. The 
regulatory procedures and data requirements make it very com-
plex to improve sustainability for launched products compared to 
building sustainability into new products during development.

As such there’s a growing question of how the industry will 
improve the sustainability profile of its existing medicines and 
ensure that sustainability is designed into new medicines, such as 
products, with a reduced environmental risk, greener manufac-
turing technologies, and recyclable deliver y systems and 
packaging [2]. With the pharmaceutical industry being such a 
major contributor to the global economy and impacting the lives of 
so many [3], the industry � nds itself under the spotlight of expec-
tation to give a higher priority to sustainability initiatives.

In order to provide innovative solutions for embedding sus-
tainability into products, industr y requires collaborative 

assistance from global regulators to allow faster implementation 
of sustainability initiatives by using risk-based scientific 
approaches as described by ICH Q12 [4] and driving harmonization 
across regulators globally. Global regulators are assessing drug 
products for quality, e�  cacy, and safety. To enable changes across 
the industry, sustainability should be included alongside these.

This article provide insights from a CMC regulatory perspec-
tive into what is required for the pharmaceutical industry to 
develop and manufacture sustainable medicines which minimize 
the impact on the environment, utilizing two case studies based 
on real-world experience.

CASE STUDY ONE: PACKAGING MATERIALS
The � rst case study looks at developing more sustainable packag-
ing materials and reducing the size of packaging materials. 
Industry invests signi� cant e� ort into designing sustainability 
into the development of new medicines. But what happens when 
these sustainability-driven options are not developed, or availa-
ble, to meet the timelines of launching new products for patients, 
and what about the increasing drive to improve the sustainability 
pro� les of existing medicines that have been, and will continue to 
be, marketed for many years?

Let’s use the example of the packaging for medicines. 
Modifications to the primary and secondary packaging would be 
considered for a number of sustainability-driven reasons, such as to:

 ▪ Decrease material consumption and wastage by reducing the 
primary packaging dimensions

 ▪ Further material savings in the secondary packaging due to 
reduced primary pack dimensions

 ▪ Improve shipping e�  ciency with reduced secondary packaging 
dimensions

 ▪ Move toward more environmental-friendly or recyclable materials 
in primary and secondary packaging

As part of the development program for a new medicine, the onus 
is on the pharmaceutical companies to create sustainable packag-
ing solutions during the development program and have data to 

FE ATURE SUSTAINABIL IT Y

A NEW REGULATORY APPROACH
to Drive Sustainable Medicines
By Per Niklasson and Greg Carr



3 8             P H A R M A C E U T I C A L  E N G I N E E R I N G

FE ATURE SUSTAINABIL IT Y

support its use available in time for registration. This facilitates 
launching the new medicine with the desired packaging and 
meeting the sustainability objectives. The exact data require-
ments are dependent on the pharmaceutical product. However, 
this generally equates to a certain amount of real-time stability 
data in the proposed commercial pack, with the shelf life granted 
at registration depending on the length of real-time data available, 
as exempli� ed in Table 1. It is worth noting that at the time of ini-
tial registration, supply chains can o� en be simpler than those of 
established commercial products because the new product has yet 
to undergo brand growth, globalization, and invest in maximizing 
supply as new indications are introduced.

For commercialized medicines, the equivalent development 
and switch to a more sustainable packaging material is signi� -
cantly more challenging. This is largely due to the necessary 
postapproval regulatory action, lack of harmonized supporting 
data requirements, and varying approval times observed in dif-
ferent markets. For established medicines supplied globally, the 

di�  culty is further increased by the complexity of supply chains 
and the impact this has on regulatory data requirements. Figure 
1 provides a graphical representation of the situation, where reg-
ulatory expectations are built on an idealized simple linear sup-
ply chain, i.e., single API site, single formulation, and packing 
sites.

The reality is that commercial supply chains are becoming 
increasingly more complex with multiple nodes at every stage, 
driven by brand growth, the need to accelerate the supply of medi-
cines to patients, and new products becoming more complicated 
due to the need for specialized equipment for certain unit opera-
tions and this being available at speci� c sites only.

As shown by this sustainable packaging material example, the 
result of these complex commercial supply chains is that the data 
requirements to support postapproval changes in the commercial 
space are vastly increased. Table 1 provides an example of a global 
product with multiple strengths and packing sites. Due to di� er-
ing market regulatory requirements—such as packing site-

Table 1: Comparison of implementing a sustainable primary pack for new products and established products.

New Product in Development Established Product

Product Details 2 strengths for global launch 2 strengths marketed globally

Supply Chain Simple:
• 1 formulation site
• 1 packing site

Complex:
• 3 formulation sites
• 9 global packing sites

Data Requirements Up to 6 stability studies:
• 3 batches per strength

Up to 36 stability studies:
• Complex matrix of formulation and packing site
• Cost of up to $4.5 million

Implementation Globally At product launch Up to 5 years from fi rst stability set down

Figure 1: The reality of commercial supply chains versus regulatory expectations.
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speci� c stability studies and registration samples—the volume of 
data required to support changes such as these is large, demands 
signi� cant investment to generate the stability data, and takes a 
considerable amount of time to implement due to both data gener-
ation and lengthy regulatory variation procedures.

There is a case for regulatory authorities worldwide to recog-
nize scienti� c approaches and base their required data package on 
scienti� c and technical rationale rather than a request to simply 
produce data. For example, when introducing an alternative pack-
aging material that is demonstrated to be equivalent or superior, 
there is no scienti� c need for additional site-speci� c stability data 
to be generated from an established packing site.

The impact of this lack of regulatory harmonization for both 
regulatory procedural timeframes and data requirements vastly 
increases the complexity of introducing sustainability-driven 
improvements to commercial medicines, which creates a barrier 
for industry. Global harmonization of approval times and require-
ments, such as a single data package applicable to all markets, 
would facilitate faster implementation, making changes such as 
this more achievable for industry to implement.

As stated previously, the onus is on pharmaceutical manufac-
turers to develop sustainable packaging solutions during product 
development ready for commercial launch. For commercialized 
products, however, there is a need for authorities to harmonize 
regulatory procedures and data requirements to make switching 
to a more sustainable packaging material a viable and a� ractive 
option for pharmaceutical manufacturers. This would reduce the 
cost and time investment by eradicating unnecessary data 
requirements based on sound scienti� c reasoning, which in turn 
would facilitate faster implementation.

New EU-wide rules were proposed in November 2022 [5] for 
recyclability requirements for all packaging. According to the 
proposal, all packaging shall be designed for recycling by 1 January 
2030 and be recycled at scale by 1 January 2035. However, exemp-
tions are proposed until 1 January 2035 for immediate packaging 
(immediately in contact with the medicinal product) for medicinal 
products for human use. The proposal includes an exclusion from 
the obligation of a minimum recycled content in plastic packaging 
for immediate packaging, and for outer packaging in cases where 
it has to comply with speci� c requirements to preserve the quality 
of the medicinal product. The exclusion is justi� ed with human 
health protection and to avoid any risk to the security of supply 
and to the safety of medicines.

CASE STUDY TWO: SHELF LIFE EXTENSIONS ACROSS 
THE LIFE CYCLE
The concept of shelf life extensions is applied di� erently across 
the life cycle. Why do submissions require prior approval for com-
mercial products in many markets, but the same markets need no 
submissions at all for clinical products? Global harmonization 
with risk-based approaches is required. Does real-time stability 
data always need to be reviewed by the health authorities or would 
company internal assessment be appropriate in some situations?

Longer shelf life would be considered for a number of 
sustainability-driven reasons, such as to:

 ▪ Reduce waste and unnecessary product destruction due to short 
shelf life by increasing the expiry date for new products without 
health authority prior approval, provided that quality, safety, 
and e�  cacy of the drug product can be con� rmed by internal 
company assessment

 ▪ Lower carbon dioxide emissions from transportation, made pos-
sible by decreasing the number of in-market replenishments as 
larger quantities of product could be sent to markets in a single 
shipment; this is especially relevant for the markets that require 
75% remaining shelf life for customs clearance

CLINICAL SUPPLY
Development of a Formulation
The drug substance to be investigated in a clinical development 
program must be administered as a formulation. This formulation 
will change during the clinical development program. In early 
clinical phase (phase 1 and 2A), a simple but not patient-friendly 
formulation is used. An example is an oral solution or suspension 
that is stored frozen. The formulation must be thawed, diluted, 
and poured into a dosing cup before being administering to a par-
ticipant in a clinical trial. Administration is usually performed at a 
hospital and supported by a pharmacy at the hospital.

For late clinical phase (phase 2B and 3), a patient-friendly but 
complex formulation is developed. An example is an oral modi� ed 
release tablet with a functional coating. The tablets are packed in 
primary and secondary packaging by the sponsor of the clinical 
trial. Administration is usually performed at home and there is no 
involvement of a pharmacy.

Shelf Life
For a new formulation—for example, a tablet—the shelf life and 
storage conditions should be de� ned based on the stability pro� le 
of the drug substance and the available stability data for the drug 
product. If there is a limited amount of stability data obtained, 
then the shelf life will be short.

As a development project progresses from early to late clinical 
phase and switches formulations, the short shelf life for the new for-
mulation becomes problematic. There is insu�  cient time to generate 
stability data to ensure a shelf life suitable of meeting the duration of 
late-phase clinical trials. There are two options to solve this.

 ▪ Extend the shelf life for already manufactured supply as more 
stability data becomes available. This needs to be addressed in 
the initial clinical trial application and for some countries as 
amendments to the approved clinical trial application.

 ▪ W aste the already manufactured supply and manufacture new 
supply. This c on� icts with sustainability regarding using natural 
resources in the best way.

Considering sustainability, wasting current supply and manufac-
turing new product should be avoided as a priority, especially 
when stability data demonstrates the existing product continues 
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to be safe to use. Opportunities to facilitate this exist, such as pro-
vision of a shelf life extension plan as part of the initial clinical 
trial application, which allows the shelf life to be extended without 
a prior approval submission in the majority of markets, as shown 
in Table 2.

In the EU, extrapolation may be used  if stability studies are 
conducted in parallel to and throughout the duration of the clini-
cal studies [6]. Extrapolation is the practice of using a known data 
set to infer information about future data [7].

Any proposal for a future shelf life extension without a sub-
stantial modi� cation submission should be stated in the clinical 
trial application. A stability protocol covering the maximum 
planned shelf life, statement to con� rm reporting to the compe-
tent authority of any signi� cant negative trend in results, and the 
shelf life extension plan should be provided. An example of a shelf 
life extension plan is shown in Table 3.

This demonstrates that there are countries that encourage 
faster implementation of sustainability initiatives for clinical 
supply (i.e., extending the shelf life for already manufactured 
supply) by using risk-based scienti� c approaches (i.e., the shelf life 
extension plan). If more markets took this approach, sustainabil-
ity would be improved.

COMMERCIAL SUPPLY
Launch of a New Product
At the point of submission of a new marketing application, the 
minimum allowable amount of stability data is 12 months at the 
long-term storage condition and 6 months at accelerated condi-
tions for batches representative of the commercial product [8]. In 
an ideal situation, the commercial formulation is the same as used 

in phase 3 clinical trials and it may be possible during the review 
period to provide additional real-time stability data to justify a 
longer shelf life upon approval. However, this granted shelf life is 
not always sufficient to meet the needs of the supply chain to 
ensure continued supply to patients, and as more real-time data 
becomes available the shelf life is increased by postapproval regu-
latory updates.

Packing Sites
For a product launched globally it’s not unusual to use several 
packing sites at different geographical locations. Market differ-
ences in regulatory data requirements, such as packing-site-
speci� c stability data, has implications on the data required for the 
shelf life because stability data is required to be generated for each 
packing site in the supply chain (as described in case study one), 
therefore significantly increasing the cost and quantity of data 
needed to be generated. If markets were to harmonize require-
ments and recognize scienti� c and technical rationale, the need to 
generate additional data could be avoided.

Extending the Shelf Life for Commercial Products
Similar to clinical products, data from stability studies must 
demonstrate that the approved end-of-shelf-life speci� cations are 
still met in order to extend the shelf life for a commercial product. 
Extrapolation of existing data can also be employed for commer-
cial products, although the majority of markets do not recognize 
this and insist on the provision of real-time data. The major di� er-
ence for commercial products is that regulatory submissions are 
required to be approved prior to implementation of the new shelf 
life in the vast majority of markets. Egal and Lombardi [9] summa-
rize the current regulatory reporting categories for pharmaceuti-
cal products shelf life extension in ICH, PIC/S, and WHO member 
countries. In only 3 out of 63 countries it is allowable to implement 
a shelf life extension before informing the health authority.

Similar to case study one, it is observed there is no global regu-
latory harmonization concerning both data requirements and 
regulatory procedure type. The need for pack-site-speci� c stability 
data shows no global regulatory consistency in recognition of sci-
enti� c approaches, all of which again demonstrates how this acts 
as a barrier to industry in implementing sustainability changes 
such as this.

In this case study, it is also evident there is no harmonization 
between the clinical and commercial regulatory environments for 
the same market for what should be a relatively simple change 
based on real-time stability data. If the commercial regulations 
were to adopt an approach similar to that used for the clinical 
products, implementation of sustainability changes such as these 
would be accelerated.

A pharmaceutical quality system (PQS) is a management sys-
tem used to direct and control a pharmaceutical company with 
regard to quality. ICH Q10 [10] describes a model for an e� ective PQS 
that is based on International Standards Organization (ISO) quality 
concepts, includes applicable Good Manufacturing Practice (GMP) 

Table 2: Regulatory procedures for extending the shelf life for 
clinical supply provided a shelf life extension plan was included in 
the approved clinical trial submission.

Notifi cation Before 
Implementation

Notifi cation After 
Implementation

No Notifi cation No Shelf Life 
Defi ned

Brazil Canada Russia Argentina

China Taiwan Israel

European Union Japan

Norway Mexico

UK South Africa

US

Table 3: Example of a shelf life extension plan.

Period (Months)

Available 
Stability Data 6 9 12 18 24 36

Proposed 
Shelf Life 18 21 24 30 36 36

FE ATURE SUSTAINABIL IT Y
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re g u l at ion s a nd comple me nt s IC H Q8 ( Ph a r m aceut ic a l 
Development) and ICH Q9 (Quality Risk Management) [11, 12]. A PQS 
can be implemented throughout the product life cycle and should 
facilitate innovation and continual improvement.

For postapproval changes, such as shelf life extensions, where 
data is generated to prove suitability of the proposed change, it 
should be possible for companies to manage the implementation 
within the PQS and not have to seek prior approval from regulatory 
agencies. This could be applied to both the clinical and commercial 
environments and would facilitate a faster implementation of 
sustainability-driven bene� ts. Reference is made to the paper by 
Egal and Lombardi [9] , who raise the question on management of 
postapproval changes such as this, via PQS only.

CONCLUSION
Will the current regulations be fit for a sustainable future? To 
enable changes across the industry, sustainability should be 
included alongside quality, efficacy, and safety when assessing 
medicines. Two revisions in how postapproval changes are han-
dled could signi� cantly enable sustainability changes, provided 
that they are combined with an e� ective PQS: 

 ▪ For more sustainable pack types, data requirements should be 
changed to remove the need for packing site-speci� c data.

 ▪ To extend shelf life, regulatory procedures should be changed to 
allow noti� cation a� er implementation.

However, inclusion of sustainability as a regulatory requirement 
would take legislative action and would not be solely determined 
by regulators in many countries. This could mean that it would 
take many years to implement.

The two case studies presented provide the general themes 
that can be applied to the implementation of any sustainability 
driver within the pharmaceutical industry for which there is regu-
latory impact. As industry strives to develop novel and sustainable 
medicines to meet future patient needs and looks to implement as 
quickly as possible the reduction in environmental impact of the 
marketed products, help is required from global regulators in two 
main areas: harmonization and risk.

Regulatory applications are consistently � nding divergence in 
the interpretation of ICH guidelines by regulators from di� erent 
countries [13]. This divergence becomes a disincentive to improve-
ments and has even caused temporary drug shortages in some 
markets. When coupled with the differing market data require-
ments to support regulatory changes, inconsistent approaches to 
use of scienti� c rationale, and varying regulatory procedures and 
timelines, the barriers to industry are high in terms of data gener-
ation, cost, time, and complexity of implementation. 

Reliance procedures do exist and are used in certain circum-
stances, but these are not applied consistently or globally. Owing 
to this global regulatory complexity, individual postapproval 
changes often take years for full worldwide approval, which 
reduces the impact of the sustainability improvements they can 
offer. Current regulatory mechanisms and guidance for these 

postapproval changes do not consider the company’s latest prod-
uct and process knowledge when determining the type of filing 
required to implement the change. The application of ICH Q9 
(Quality Risk Management), or the e� ectiveness of a company’s 
PQS to manage a postapproval change is not considered during the 
assessment of a change [9, 14].

Application of ICH Q12 [4] could facilitate the introduction of 
changes to support sustainability. ICH Q12 provides a framework 
to facilitate the management of postapproval CMC changes in a 
more predictable and e�  cient manner. The Post-Approval Change 
Management Protocol (PACMP) is a regulatory tool that provides 
predictability regarding the information required to support a 
CMC change and the type of regulatory submission based on prior 
agreement between the marketing authorization holder and regu-
latory authority. 

Such a mechanism enables planning and implementation of 
future changes to established conditions (ECs) in an e�  cient and 
predictable manner. The PACMP may be submi� ed with the origi-
nal marketing authorization application or subsequently as a 
standalone submission and can be proposed independent of any 
prior identi� cation of ECs. The PACMP requires approval by the 
regulatory authority, and the conditions and acceptance criteria 
outlined in the protocol must be met and results communicated to 
the regulatory authority in the manner previously agreed, in order 
to implement the change(s).

According to the information on the homepage of ICH in 
January 2023, ICH Q12 has been implemented in the US and Japan 
but implementation has not been completed in Brazil, Mexico, 
European Union, Singapore, Canada, Korea, UK, China, Saudi 
Arabia, Switzerland, Chinese Taipei, or Turkey.

Sustainability is at the heart of a complex regulatory jigsaw 
(see Figure 2) connected to the themes presented in this article. 
The current regulatory frameworks for manufacturing changes to 

Figure 2: The sustainability jigsaw.
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medicines have evolved nationally and regionally and are built on 
patient safety considerations and safety disasters from the past. 

These frameworks are not globally harmonized and do not 
consider future risks such as the environment. Should authorities 
be doing more to drive sustainability into medicines by building 
this into regulatory expectations? Is a modern framework 
required that includes consideration for the environment, should 
it be quality, safety, e�  cacy, and sustainability? Should authori-
ties characterize the carbon footprint and/or environmental 
impact of an approved product? Should there be an expectation 
that pharmaceutical manufacturers produce an action plan for 
reducing the carbon footprint of their medicines?

From the discussions presented previously, one thing remains 
clear: to drive sustainability forward, industry and regulators 
require implementation of risk-based approaches as described in 
ICH Q9, Q10, and Q12. Without the necessary support from global 
regulators, can industry really deliver on the ICH Q10 expecta-
tions of innovation and continual improvement, and utilize this to 
improve the sustainability pro� les of the medical products which 
impact the lives of so many?  

2.  Salmenperä, H., S. Kauppi, H. Dahlbo, and P. Fjäder. “Increasing the Circularity of Packaging 
Along Pharmaceuticals Value Chain.” Sustainability 14, no. 8 (2022): 4715–4731. doi.
org/10.3390/su14084715

3.  EFPIA. “The Pharmaceutical Industry in Figures. Key Data 2022.” www.efpia.eu/media/637143/
the-pharmaceutical-industry-in-fi gures-2022.pdf

4.  International Council for Harmonisation of Technical Requirements for Pharmaceuticals for 
Human Use. “ICH Harmonised Tripartite Guideline Q12: Technical and Regulatory Considerations 
for Pharmaceutical Product Lifecycle Management.” Published November 2019. https://
database.ich.org/sites/default/fi les/Q12_Guideline_Step4_2019_1119.pdf 

5.  European Commission. “European Green Deal: Putting an End to Wasteful Packaging, Boosting 
Reuse and Recycling.” Press Release. 30 November 2022. https://ec.europa.eu/commission/
presscorner/detail/en/ip_22_7155 

6.  European Medicines Agency. Committee for Medicinal Products for Human Use. “Guideline 
on the Requirements to the Chemical and Pharmaceutical Quality Documentation Concerning 
Investigational Medicinal Products in Clinical Trials.” 27 January 2022. EMA/CHMP/
QWP/545525/2017 Rev. 2. www.ema.europa.eu/en/documents/scientific-guideline/
guideline-requirements-chemical-pharmaceutical-quality-documentation-concerning-
investigational_en-1.pdf

7.  International Council for Harmonisation of Technical Requirements for Pharmaceuticals 
for Human Use. “ICH Harmonised Tripartite Guideline Q1E: Evaluation for Stability Data.” 
Published 6 February 2003. https://database.ich.org/sites/default/fi les/Q1E%20Guideline.pdf 

8.  International Council for Harmonisation of Technical Requirements for Pharmaceuticals for 
Human Use. “ICH Harmonised Tripartite Guideline Q1A(R2): Stability Testing of New Drug 
Substances and Products.” Published 6 February 2003. https://database.ich.org/sites/default/
fi les/Q1A%28R2%29%20Guideline.pdf 

9.  Egal, N., and K. Lombardi. “Shelf-Life Extensions for Pharmaceutical Products.” Journal of 
Validation Technology (26 January 2020).  https://bpi.bioprocessintl.com/hubfs/IVT%20
-%20GXP%20Archive/1-21-IVT%20Network%20-%20Shelf-Life%20Extensions%20For%20
Pharmaceutical%20Products%20-%202021-03-02-1.pdf 

10.  International Council for Harmonisation of Technical Requirements for Pharmaceuticals for 
Human Use. “ICH Harmonised Tripartite Guideline Q10: Pharmaceutical Quality System.” 
Published June 2008. https://database.ich.org/sites/default/fi les/Q10%20Guideline.pdf 

11.   International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human 
Use. “ICH Harmonised Tripartite Guideline Q8 (R2): Pharmaceutical Development.” Published 
August 2009. https://database.ich.org/sites/default/fi les/Q8%28R2%29%20Guideline.pdf

12.  International Council for Harmonisation of Technical Requirements for Pharmaceuticals for 
Human Use. “ICH Harmonised Tripartite Guideline Q9: Quality Risk Management.” Published 
November 2005. https://database.ich.org/sites/default/fi les/Q9%20Guideline.pdf

13.  Beierle, J., N. S. Cauchon, T. Graul, Y. Hedberg, M. B. Holm, J. V. Lepore, R. MacKenzie, et 
al. “Toward a Single Global Control Strategy: Industry Study.” Pharmaceutical Engineering 
42, no. 1 (January-February 2022). www.ispe.org/pharmaceutical-engineering/january-
february-2022/toward-single-global-control-strategy-industry

14.  Vinther, A., and E. Ramnarine. “Solving the Global Continual Improvement and Innovation 
Challenge: How an E� ective Pharmaceutical Quality System Can Transform Post-Approval 
Change Management.” PDA Journal of Pharmaceutical Science and Technology 73, no. 5 
(2019): 517–521. doi.org/10.5731/pdajpst.2019.010827

About the authors
Per Niklasson has 30 years of experience in the pharmaceutical industry and has held di� erent roles 
within regulatory a� airs connected to CMC. He is CMC Regulatory A� airs Director at AstraZeneca. 
He has a wide range of experience in the strategic and tactical aspects of pharmaceutical drug 
development and global regulatory CMC knowledge, including strategic aspects of rolling out 
global applications for clinical trials, marketing applications, and postapproval submissions for 
major changes. Per has direct experience with health authorities meetings globally including 
FDA and CDE. He has extensive global line management experience. Per has a MSc in chemical 
engineering from Lund, Sweden, and a diploma in regulatory a� airs from TOPRA. He has been 
an ISPE member since 2021.

Greg Carr has worked in the pharmaceutical industry for over 20 years with experience 
in R&D, quality assurance, pharmaceutical technology, manufacturing, and supply chain. 
After graduating with a master’s degree in chemistry, Greg worked in discovery sciences for 
10 years before moving into CMC regulatory roles, where he has worked with a variety of products 
and dosage forms over the product life cycle. He is Senior Director and Group Manager in CMC 
Regulatory A� airs at AstraZeneca.

Through the ISPE Corporate Partnership 
program, these companies have committed to 
supporting and contributing to ISPE's mission 
within the pharmaceutical industry.

Please Join Us in Thanking 
ISPE's Corporate Partners

L I F E  S C I E N C E S

GOLDPLATINUM

SILVER

FE ATURE SUSTAINABIL IT Y

References
1.  The IQVIA Institute. “The Global Use of Medicines 2022.” 9 December 2021. www.iqvia.

com/-/media/iqvia/pdfs/institute-reports/the-global-use-of-medicines-2022/global-use-
of-medicines-2022-outlook-to-2026-12-21-forweb.pdf?_=1664783698550



M A R C H /A P R I L  2 0 2 3            4 3

The expected FDA approval for a Treprostinil 
dry powder inhaler revealed a need for the 
manufacturer to expand its warehousing and 
logistics capabilities to support its growing 
operations. The company’s senior leadership 
wanted to ensure this expansion came with 
as minimal an impact on the environment as 
possible, so a key priority was to provide a net 
zero energy facility. With a vision for what the 
project could be, the team named the upcoming 
endeavor Project Lightyear. To infi nity and 
beyond, indeed.

I
n anticipation of the expected FDA approval of our new inhala-
tion device for inhaled Treprostinil—and the only dry powder 
inhaler approved by the FDA for use in pulmonary arterial hyper-

tension and pulmonary hypertension associated with interstitial 
lung disease—we identi� ed the urgent need to expand warehous-
ing and logistics capabilities to support growing operations. This 
new warehouse and logistics center would provide the much-
needed space for continued growth and be vitally important in 
delivering critical resiliency for facility and logistical operations. 

It was important to senior leadership that this expansion of 
treatment options and further fortification of the supply chain 
came with as minimal an impact on the environment as possible. 
Given the project’s critical nature, it was clear that its success 
hinged on developing a clear roadmap of project requirements 
from the onset of conceptual design. The company’s CEO laid out 
that roadmap succinctly during an early project meeting with the 
corporate real estate, operations, and manufacturing leadership 
teams.

The primary priority was to provide a site net zero energy 
facility to support the manufacture, storage, and distribution of 
the Treprostinil dry powder inhaler and to do so without the use of 
fossil fuels onsite. This meant no natural gas, diesel, or propane 
generators for a critical cGMP facility containing an extensive 
cold room. From there, the cascading priorities laid out the ulti-
mate project framework. 

The facility would need to be designed, constructed, commis-
sioned, and validated for occupancy and use by the summer of 
2023, when projected growth would test the capacity of existing 
facilities. It was to be built and assembled using materials made in 
the United States to the greatest extent possible, without a� ecting 
the net zero mission or schedule requirements. This was pursued 
with the understanding that the � rst three priorities held prece-
dence and knowledge that this was the kind of executive-led 
freedom that would allow the project to be a success. From there, 
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the team was pushed to reduce embodied carbon within the con-
struction of the building, limit ecological impacts within the pro-
ject ’s foot pr i nt, a nd pu rsue LEED a nd ot her susta i n able 
certi� cations. 

ASSEMBLING THE TEAM
Identifying an experienced architect, engineer, general contrac-
tor, and commissioning agent that could work together in a collab-
orative design-build environment was critical to the success of 
such a technical and cu� ing-edge project. Ultimately, the general 
contractor was selected based on their extensive experience in 
developing sustainable projects and history of successfully deliv-
ering unique and highly technical projects.

In seeking out a partner architecture and engineering firm, 
the project bene� ted from local expertise. An exceptional archi-
tecture � rm was selected that focused on developing � rst-in-class 
facilities for their clients while using creative solutions. A national, 
industry-leading professional engineering services firm was 
selected that specialized in consulting, planning, designing, and 
commissioning dynamic systems for the built environment. 

With o�  ces in the Raleigh-Durham, North Carolina, area and 
around the country, the architecture and engineering firms 
brought a wide purview on sustainability and extensive portfolios 
of experience in the life science and biopharmaceutical industry. 
Their depth of expertise in sustainability and technically complex 

projects—many of which were the � rst of their kind and required 
innovative thinking and persistence—resonated with our team 
given the task at hand. 

Commissioning was procured at the concept design phase to 
round out a strong team with an integrated design approach. 
This helped maximize the benefits of having the third-party 
commissioning provider (CxP) in applying lessons learned from 
past projects. It also helped ensure that the owner’s project 
requirements were upheld from the beginning for this complex 
and unique facility. The chosen CxP focused on � nding solutions 
and resolving issues instead of only documenting problems, which 
proved bene� cial in turning over fully functional and highly inte-
grated facilities for critically complicated projects already within 
the company’s portfolio.

Other key stakeholders that played a vital role in the project 
included the Durham city and county building inspection depart-
ments, the Research Triangle Foundation, Duke Energy, FM 
Global, and numerous departments and teams from within the 
corporate umbrella itself. All groups brought a unique perspective 
and bought in on a collaborative environment to ensure that all 
parties not only achieved positive outcomes, but also gained 
knowledge and solutions that can be applied to future projects. 
Together, the assembled team was ready to undertake this ambi-
tious and groundbreaking project.

BLOCKING AND TACKLING
To minimize the project’s ecological impact, the selected location 
was an existing underutilized company-owned soccer field and 
associated � eld house on our Research Triangle Park campus in 
Raleigh, North Carolina. The soccer � eld was adjacent to our new 
site net zero childcare center. This location provided direct access 
to TW Alexander, enabled the team to avoid clear-cutting the 
remaining wooded area on campus, and provided for the adaptive 
reuse of the existing � eld house. This adaptive reuse signi� cantly 
reduced the embodied carbon of the project while creating sub-
stantial cost savings due to the overall reduction in newly con-
structed square footage.

The � rst step of the building design process was to work with 
the operations team to determine facility scale, shipping and 
receiving rates and requirements, and pallet rack position counts 
required in both ambient and cold room storage. These project 
requirements were pulled together with the purpose of right-
sizing the building to meet capacity needs while optimizing oper-
ational e�  ciencies. The building’s shape and scale was critical to 
informing the overall design because it impacts everything from 
rack layout to air circulation to the roo� op area available for solar 
power generation. Ultimately, it was all guided through close 
coordination with the commercial operations team to anticipate 
future sales volume and associated storage requirements.

Through these discussions, the team determined that the 
facility would need to accommodate +/- 2,400 pallet positions 
within ambient storage and +/- 600 pallet positions within cold 
room storage. From that base requirement, the building’s shape 

Identifying an 
experienced 
architect, engineer, 
general contractor, 
and commissioning 
agent that could 
work together in a 
collaborative design-
build environment was 
critical to the success 
of such a technical and 
cutting-edge project. 
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and footprint was directly informed by a detailed pallet rack 
height optimization exercise. As illustrated in Figure 1, the design-
build team analyzed rack heights ranging from 4 racks high to 10 
racks high. The team then analyzed the subsequent impacts on 
cost, schedule, constructability, technical performance, facility 
operations, code requirements, and campus integration. 

Notably, the di� erences in building form factor created a delta 
upward of 15,000 sq. ft. of built area and seven figures of cost 
implications. These ranges had to be balanced with the needs for a 
functional net zero energy facility. Ultimately, a six-rack-high 
ambient storage ratio was determined to provide optimized func-
tionality for the project and would lock in the basis of design. From 
there, blocking plans ultimately led to a 7,000-sq.-ft. cold room, 
27,500 sq. � . of ambient storage, and facility support spaces that 
brought the total building to 52,500 sq. � .

NET ZERO DESIGN
Within the sustainable design community there is much discus-
sion and debate over the practical de� nition of terms like net zero 
ener�  and net zero carbon. For clarity of purpose, our project team 
de� ned site net zero ener�  as a “grid-connected facility for which 
every wa�  of energy needed to operate and run the facility over a 
twelve-month period would be covered by onsite renewable gener-
ation.” This framing does not allow for o� site production or carbon 
credits to close the gap. It does allow for the facility to export to the 
local utility grid or “bank” energy when the facility is operating in 
a net positive condition (generating more energy than it uses) and 

to subsequently pull from the local utility grid or “withdraw” the 
complement of that energy during periods of time when the pro-
ject is using more electricity than it is generating. 

For the design process, it is standard practice to establish an 
anticipated target goal energy usage intensity (EUI) for the facil-
ity. EUI is simply a ratio of energy used by a building divided by its 
area and provides an important benchmark of energy usage versus 
its peers. It is generally established through the utilization of 
baseline expectations from completed and operational projects. 
From there, the design team’s job is to reduce the EUI to the great-
est extent possible and provide for the most feasible energy-
e�  cient facility. 

Although this is a rather standard starting point for a typical 
project, there are not published baseline expected EUIs for hybrid 
ambient/cold room cGMP warehouses and certainly not for simi-
lar facilities pursuing such ambitious and innovative sustainable 
design goals. This is due in large part to the critical nature of these 
facilities and an overarching design concept provides comprehen-
sive support of belts and suspenders to ensure the building’s 
operation conforms with cGMP requirements. Essentially, energy 
usage is typically considered secondary to building operations.

Once again, Project Lightyear would be blazing its own path 
forward, as even a� empting to establish a baseline from scratch 
was often met with blank stares and shrugs from many critical 
trade partners. However, a� er discussing the project’s goals, those 
same vendors were excited to get on board and learn with the team. 
One such example is that energy usage requests to the cold room 

Figure 1: Pallet rack optimization.
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vendor were answered with “I don’t know” and a litany of follow-up 
questions digging into the minute details: details such as how 
o� en the overhead door into the clean room would be opened in a 
typical day and how long it would remain open. Such details were 
vitally important in establishing a meaningful baseline EUI and in 
turn helping develop a design expected to produce the desired net 
zero energy goals (Figure 2).

PASSIVE DESIGN STRATEGIES
Once a baseline EUI was fully developed and understood, the 
design team took their initial step of designing to net zero energy. 
This � rst step is typically done by reducing the building’s energy 
demand by implementing passive design strategies. Something as 
simple as the facility’s siting, or cardinal orientation, at a chosen 
location can be very impactful on its ultimate energy usage and 
photovoltaic (PV) energy production.

An analysis of the site can help ensure that its chosen orienta-
tion provides for optimal PV energy production. This is typically 
done through solar analysis modeling, which models and tracks 
the sun’s course through the sky at different points in the year. 
Analyzing that data enables the design team to lay out the site and 
orient the building to ensure that the planned roo� op PV panels 
are aligned for peak production values. Beyond that, the project 
goal of reducing ecological impact was achieved by locating the 
building to minimize impact to adjacent wetlands, existing tree 
canopy, and other natural habitats. As noted previously, using the 
existing soccer � eld was bene� cial in pursuing this goal.

Project Lightyear now had a location and skeleton framework. 
As was a reoccurring theme, planning for the skin of the build-
ing—the façade and roof—would require optimizing o� en com-
peting priorities. Ensuring the proper level of insulation while 
providing a cost-effective solution and always with an eye to 
embodied carbon would prove to be a difficult balancing act. 
Increasing the insulation values of the roof, walls, and windows 
was critically important to reducing the facility’s energy usage. 
Building insulation is directly responsible for reducing the 

facility’s heat gain or loss during the various seasons but also 
comes with signi� cant increases to cost and the facility’s embod-
ied carbon. And at a certain point, the amount of insulation hits a 
level of diminishing returns. 

The design team worked hard to balance these issues and 
right-size the facility’s insulation requirements. Ultimately, the 
roof was insulated to R-42, the façade walls to R-21, and the win-
dows with a U-value of 0.35. These requirements would directly 
impact and ultimately reduce the sizing of major HVAC equipment 
and drive down the facility’s energy usage by greatly reducing 
wasted energy.

Further reduction of wasted energ y was accomplished 
through operational design direction. Light occupancy sensors 
were included to maintain minimum code-mandated lighting 
levels in unoccupied areas. This allows for lighting to automati-
cally dim and even turn o�  when not in use. Temperature setbacks 
and demand control ventilation in administrative spaces ensured 
that operational noncritical areas were not working hard to heat 
and cool overnight, over weekends, and generally when not in use. 

Energy-Star-certified computer and office equipment would 
help reduce plug loads and eliminate vampire drain of electronics 
when not in use. Regenerative charging electric li�  trucks would 
capture the kinetic energy of li�  trucks in motion when slowing or 
stopping to recharge the electric batteries, reducing the energy 
pull and timing when they are plugged in to recharge. By them-
selves, these passive design strategies would combine to reduce 
the expected building EUI by more than 8%—amounting to signif-
icant energy savings over the life of the project and would be criti-
cal to ge� ing closer to the site net zero project goal.

ACTIVE DESIGN STRATEGIES
From there, the designers needed to provide for the optimized 
implementation of efficient systems and equipment through 
active design strategies. These design choices typically focus on 
the major energy draws within a building with a speci� c focus on 
HVAC systems, which contribute the most significant driver of 
building energy use in a cGMP facility.

To provide the most energy-efficient HVAC system for this 
project, the design team used a closed-loop geothermal exchange 
system as the basis of design. Geothermal HVAC systems work by 
using the Earth’s temperature as a thermal battery. Fluid is 
pumped through a series of pipes deep into the Earth and heat is 
either absorbed or rejected based on current air temperature. 
Acting as an extremely high-e�  ciency heat pump, the geothermal 
HVAC system achieves its efficiency by using the steady-state 
temperature of the Earth rather than the highly variable outside 
air temperature to condition the building. 

The specific design of a given geothermal HVAC system is 
dependent on the building requirements and the local subsurface 
geophysical properties. The building requirements help establish 
the annual heating and cooling loads as well as the peak heating 
and cooling loads. The local geophysical properties define how 
attuned the ground is to accept a geothermal system in a given 

Figure 2: Project rendering of design expected to meet the 
desired net zero energy goals.
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location, which informs the design depth and number of vertical 
geothermal bores required. 

Ideally, the annual and peak heating and cooling loads would be 
well balanced, providing for an equally well-balanced geothermal 
system. Being too unbalanced in either direction can lead to long-
term losses of e�  ciency in the system. Project Lightyear’s design 
loads led to an annual heating load nearly 10% over cooling and a 
peak cooling load more than double the peak heating load. This 
added signi� cant complexity to the system to ensure that the bore 
� eld and system was properly sized. 

To account for those requirements, the geothermal system 
was sized with 40 individual bores—each 500 feet deep into the 
Earth—on a total of three independent loops. This system is cou-
pled with six pipe heat recovery chillers and a 20-ton � uid cooler to 
balance the loads and optimize the e�  ciency of the design. A ded-
icated outdoor air system is used to provide dedicated ventilation 
to the space and meet the cGMP requirements of the ambient 
storage area. Recirculating air rotation units then use that ventila-
tion to ensure a consistent steady-state temperature profile 
throughout the entirety of the ambient storage space. 

The cold room itself has dedicated air-cooled direct expansion 
(DX) condensing units and a desiccant makeup air handler unit 
sized to the specific expectations on temperature and humidity 
needs as well as anticipated operational use profiles. The con-
nected � eld house is optimized through the use of a dedicated air-
source variable refrigerant � ow (VRF) system. 

The design team further utilized LED lighting, variable speed 
fans and pumps, premium e�  ciency motors, and high-e�  ciency 
cold storage equipment to fully reduce the expected EUI for the 
building by 31%. This progressive improvement is illustrated in 
Figure 3.

RENEWABLE ENERGY GENERATION

Figure 3: EUI design improvement.

These sustainable design elements are a feat in and of themselves 
for a project of this caliber, but they alone do not make for a net zero 
energy facility. The � nal element entails a renewable clean energy 
supply. The team accomplished this by introducing an extensive 
roo� op PV array. The design of solar PV systems requires careful 
consideration of the remaining EUI to offset, building massing 
and orientation, expected PV panel degradation, solar yield varia-
bility, future capacity needs, and panel, inverter, and racking sys-
tem availability. 

A probabilistic approach to this design is typically used in 
concert with the previously mentioned modeling to project theo-
retical system output over time. In this case, an industry-leading 
tool called Helioscope was used to assess performance over time. 
Designing simply to be net zero on day one does not account for the 
yearly solar variability and annual panel degradation. To ignore 
these considerations would be shortsighted and likely lead to a 
facility incapable of reaching its goals. 

Conversely, designing for worst-case scenarios and an unlim-
ited timeframe would not be economically nor operationally viable. 
Nor would it take into consideration local utility requirements for 
on grid-connected PV system sizing. Rather the array must be sized 
appropriately with the EUI o� set needs and a conservative but real-
istic eye to the future production. 

Based on our experience on previous projects, we have tradi-
tionally adopted a PV system sizing baseline of P50 at 10 years. This 
means simply that we can expect the facility to be operationally site 
net zero at 50% con� dence on solar variability for any given year, 
even with panel output degradation, recognizing that there are 
annual variations on the amount of sun the site will receive based on 
weather conditions. 
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To help work through the complicated design process, the pro-
ject team brought a third-party PV integrator onboard. They were 
able to review the basis of design information and verify through 
their usage of PVSyst Modeling Software and the National 
Renewable Energy Laboratory’s (NREL) regional solar yield data-
set. Combined with the project design, the third-party integrator 
ultimately designed the system to include seven 62 kW Sunny 
Tripower inverters powered by 1,186 SunPower Maxeon 475-wa�  
panels expected to generate 767 MWh per year. This array will 
cover nearly the entirety of the facility’s roof, making use of every 
available square foot and providing critical renewable energy 
generation to make the facility site net zero.

Once operational, it will be important for the project team to 
validate the design EUI with operational monitoring and meter-
ing. To exceed the design EUI would mean the entire project would 
be at risk of not achieving its site net zero goals. To this end, the 
design-build team intentionally scaled and sized the PV system to 
allow for future expansion capabilities (see Figure 4). The inver-
tors as designed have spare capacity to allow for future installation 
of an added ground mounted array without impacting building 
operations. While the plan is that the project will exceed expecta-
tions, having the ability to correct course ensures that the project 
will ultimately meet its stated goals.

RESILIENCY AND THE MICROGRID
Although the design to this point is expected to meet the require-
ments that the project be site net zero energy, it would be negligent 
to leave a cGMP facility of this scale and magnitude without 
ensuring its critical resiliency. The project priority of eliminating 
the ability to implement traditional emergency backup systems 
like diesel or natural gas generators pushed the team to explore 
lit hium-ion batter y bac kup systems. Un li ke a traditiona l 

generator, which has a theoretical endless supply of backup power, 
ba� eries are a � nite resource and must be sized speci� cally for the 
application. They can be connected to the solar PV systems 
through a microgrid to be able to recharge when the array is pro-
ducing a surplus of energy but that is not guaranteed. 

A cGMP warehouse and logistics facility like Project Lightyear 
cannot rely on the expectation that the sun will shine bright to 
power the PVs and recharge the ba� ery during an extended elec-
trical outage. Consequently, the design-build team worked with 
operations to determine the worst-case scenario emergency bat-
tery backup requirements. Essentially it boiled down to how long 
the operations team would need to react and reallocate resources 
if the power went out and the ba� eries were not able to be recharged 
from their full charge state. 

Simultaneously, the design-build team reached out to the local 
permi� ing o�  cials and � re marshal to introduce them to the con-
cept and understand local compliance requirements. Together it 
was determined that a priority list would be established. The 
entire building needed to be able to run for 24 hours post outage. 
From there, loads would be shed for the ambient warehouse, sup-
port, and office spaces, allowing only the cold room to remain 
online for an additional 24 hours. Finally, the team was required to 
hold an eight-hour tranche of ba� ery power to provide support for 
the � re pump that feeds the facility, ensuring that in any situation 
the fire sprinkler system would remain active and operational. 
Taken together, the loads resulted in a minimum required ba� ery 
size of 5,310 kWH with 1 MW of peak demand and the ability to 
operate in “island mode” without utility power.

As had become routine, the team discovered in their research 
of various ba� ery applications that there was a dearth of poten-
tially applicable systems. The residential-scale market had begun 
to boom as more homeowners were installing solar panels on their 

Figure 4: Illustration of expanded site.
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roofs and were looking for energy resiliency in markets that 
encountered regular outages. But residential scale of installation 
was well below the requirements of Project Lightyear—typically 
on an order of magnitude of 100 times smaller than required. 
Similarly, utility scale installations were growing rapidly. 

This was particularly so in areas with significant time-of-use  
penalties or peak-usage charges where utility rate arbitrage is prof-
itable, though these o� en don’t have microgrid capabilities to allow 
islanding from the grid during an outage. It has also started to 
become more common as utilities themselves develop signi� cant 
solar production capabilities and have the need for on-grid storage 
during times of low or no solar production. The scale of these sys-
tems is typically 10 times or larger than Project Lightyear required.

Ultimately, the Project Lightyear team partnered with Tesla to 
utilize their Megapacks. Each individual Megapack is a self-
enclosed modular battery pack that allows for flexibility and 

resilience and provides 3.1 MWH and 770 kW of capacity. Pairing 
two provided the required emergency backup for Project Lightyear. 
The Megapack system was a� ractive to the project team due to its 
next-gen lithium iron phosphate chemistry, which greatly reduces 
the potential for thermal runaway which then reduces potential 
risk for the project. It comes integrated with an internal cooling 
system, module inverters connected to an internal 480V AC bus, 
and independent operation that allows either to support the build-
ing load individually. Being a self-enclosed unit, the team was able 
to locate the system on the exterior of the building, which provided 
critical code/UL separation requirements and eliminated the need 
for supplemental � re alarm and sprinkler systems.

The Tesla Megapack is designed to be connected and controlled 
through a Schneider microgrid control system, allowing it to power 
t he bu i ld i ng a nd rec h a rge when needed . T he m ic rog r id 
switchboard is connected directly to the ba� ery system, roo� op PV 
inverters, emergency lighting inverter, and building electrical dis-
tribution system. Through a detailed building automation system, it 
is set up to automatically control the potential electrical distribu-
tion throughout the facility depending on required use case and 
ba� ery charge level. As noted previously, it is programmed to shed 
noncritical loads on demand and as needed to maintain the more 
critical facilities. 

Although the facility was designed for a worst-case scenario of 
no solar recharge, the design team anticipated that under normal 
conditions with the fully operational microgrid that the entire 
facility should stay online for weeks if not months while discon-
nected from the electrical grid or during an extended outage. Once 
such example of typical solar production following an extended 
power outage is shown in Figure 5, with varying amounts of solar 
production allowing the battery system to recharge fully or 

Figure 5: Battery system projected performance.

It would be negligent 
to leave a cGMP 
facility of this scale 
and magnitude without 
ensuring its critical 
resiliency.
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partially during the daytime. We are hopeful that such a use case is 
never fully realized and tested but are confident in the ultimate 
resiliency of this critical facility.

GOING LIVE
Following design and permitting, project construction began 
October 2021 and is now nearing completion in spring 2023 (see 
Figure 6). The long path to this point was marked by many chal-
lenges, but through close coordination between all project part-
ners, Project Lightyear is expected to be delivered on time, on 
budget, and fully site net zero. The project team even reached out 
to our adjacent site net zero energy childcare center to involve the 
young children in the project in exciting ways. From “touch a 
truck” days during the heavy civil construction phase to inviting 
the kids to leave their literal handprints on the final installed 
crossbeam during the topping out ceremony, this project truly 
proved to be a learning experience for all.

As on any such groundbreaking project, the lessons learned to 
take forward are numerous. The most signi� cant lessons learned 
were based around the microgrid implementation, notably ensur-
ing to design for � exibility in design and having a full understand-
ing of processes during a load shedding scenario. 

It is easy to say that only the cold room should be operational if 
the ba� ery charge drops to a certain level but understanding the 
operational needs of the cold room widens that boundary. Shipping 
and receiving must remain operational. Building automation and 
monitoring systems must remain operational per FDA require-
ments. Printers and computers need to remain powered on. You 
cannot just draw a circle around a functional object without 
understanding the full associated process and cascading a� ects. 

Similarly, we also discovered that the ba� ery backup system 
did not work as an uninterruptable power source as originally 

expected but rather responded similarly to a traditional generator. 
This meant that building systems that needed to remain perma-
nently online required an additional whole-building uninter-
rupted power supply to cover the few seconds between a power 
outage and the Megapacks coming online. The late discovery of 
this issue led to some last-minute design and construction changes 
that were critical in making sure that the project would be 
successful.

Working through bleeding-edge sustainable design and inte-
gration—most notably with the ba� ery storage and microgrid—
would not have been possible without a design team with a clear 
vision and a local jurisdiction and utility willing to learn along 
with the project team. Similarly, lingering pandemic-era cost 
inflation and supply chain issues were mitigated through early 
subcontractor involvement, critical equipment early release pack-
ages, and a design team willing to explore creative and sometimes 
custom-built solutions when all else failed. Ultimately, the pro-
jected is expected to received LEED Gold, LEED Zero Energy, and 
LEED Zero Carbon certi� cations.

Our team is eagerly awaiting completing commissioning and 
validation of Project Lightyear in the coming months and taking 
� nal occupancy of the building to begin using this groundbreak-
ing facility. To in� nity and beyond!   

Figure 6: Aerial progress photo. 

About the author
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of experience across commercial construction, sustainable development, green technology, GMP 
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When nominating Martin (Marty) Lipa, Executive 
Director, Knowledge Management, Merck & Co. 
Inc., for the 2022 Max Seales Yonker Member 
of the Year Award, Anne Greene, Professor, 
Technological University Dublin, said, 
“Arguably the last year has been pivotal for 
the practice of knowledge management (KM) 
in the pharmaceutical industry based on new 
KM frameworks and guidance and resulting 
engagement by ISPE membership and industry 
at large. Indeed, one could credit Marty with 
this advancement as, in addition to signifi cant 
contributions to educate ISPE’s membership 
on the practice of KM, through his doctoral 
research he developed several innovative 
KM-related solutions.” 

T
he Max Seales Yonker Member of the Year Award honors the 
ISPE member who has made the most signi� cant contribution 
to ISPE during the past year. It is named in honor of a dynamic 

woman who contributed to ISPE in many di� erent ways and served 
as a source of inspiration during her ba� le with cancer.

An active member of ISPE since 2014, Marty was a key contribu-
tor to the ISPE Good Practice Guide: Knowledge Management in the 
Pharmaceutical Indust� . In 2022, he shared his expertise in knowl-
edge management through an ISPE webinar, an Expert Xchange, 
articles in Pharmaceutical Engineering®, and ISPE’s iSpeak blog. He 
is also a standing member of the ISPE Regulator y Quality 
Harmonization Commi� ee’s Europe-Middle East-Africa Regional 
Focus Group. 

KM BEGINNINGS
Marty has nearly 30 years of biopharmaceutical industry experi-
ence and currently leads KM for the Manufacturing Division of 

PEOPLE + EVENTS

ISPE 2022 Member of the Year: 
Martin Lipa: An Advocate for 
Knowledge Management  
By Marcy Sanford

Merck & Co., Inc. His prior experience includes various roles in 
technology, engineering, so� ware validation, and IT. Marty is a 
Lean Si x Sigma Black Belt, has a PhD from Technological 
University Dublin with a focus on improving KM and its interde-
pendency with risk management, and is an active member of the 
global KM community as a regular speaker and author.

Marty’s journey to becoming an expert in KM started 14 years 
ago. “I did not know KM was a ‘thing’ until 2008, which perhaps 
isn’t surprising since KM has only been around for about 25 years 
now, while quality risk management (QRM) has had 70 years to 
mature. I was the new IT business partner to Mike Thien, who at 
the time was the Merck Senior Vice President of MS&T [manufac-
turing, science, and technologies]  and new product commerciali-
zation. Concurrently, quality by design (QbD) had introduced the 
concepts of ‘knowledge management’ and using ‘prior knowledge’ 
and was just taking off, with the release of the associated ICH 
Guidelines Q8, Q9, and Q10,” he said.  

“At the time, we had people working in research who were 
developing models but had no idea how they performed in real-life 
manufacturing environments,” Marty explained. “There was no 
feedback loop to report what worked and what didn’t work. So, 
there was this discontinuity across the organization between 
research and manufacturing. Similarly, manufacturing didn’t 
know that research had done troubleshooting on a given problem, 
or who to contact to � nd out if they had. There was wasted time and 
duplicate knowledge creation and ine�  ciency.

“At the same time, Merck was merging with Schering-Plough 
Corp.: one day we had 20 manufacturing plants, the next day we 
had 91, and the right hand truly did not know what the le�  hand 
was doing. That really highlighted the need to be� er connect peo-
ple across the manufacturing network.”

The next steps helped establish a foundation in KM, Marty 
said. “This led to a year of research and learning about KM, with a 
heavy dose of benchmarking KM in other industries. An immedi-
ate lesson was that KM was not an ‘IT thing’ but needed to start 
with a focus on people and process. In time, I had the opportunity 
to lead the development of our initial KM strategy following a Six 
Sigma design methodology. A recommendation of the strategy 

MARTIN LIPA
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was to have a dedicated KM group, and I was privileged to be 
selected as the leader of the newly established KM Center of 
Excellence.”  

KM’S VALUE TO THE INDUSTRY
“Of course I’m biased, but I think KM is crucially important to our 
business—it’s indispensable,” Marty said. “We are, a� er all, in a 
knowledge industry: people create new knowledge, build on the 
knowledge of others, and think for a living. In fact, almost every-
one in our industry is doing KM in some fashion every day, whether 
it is how we store and search for documents, � nd experts, capture 
lessons, transfer knowledge, or connect via communities. But the 
reality is that most of these KM approaches are highly variable, 
likely not scalable, and tend to be overwhelmingly localized. 
These challenges are magnified in larger organizations, but in 
reality, apply to everyone in our industry given the challenges we 
face internally (complex products, cutting-edge science, global 
supply chains, and supply challenges) and externally” (competi-
tion, pricing pressures, global markets, and post-COVID-19 
expectations for speed).  

“I believe there are three distinct and compelling drivers for 
KM.  First, regulatory drivers, starting with KM positioned as an 
enabler of the PQS in ICH Q10.  Second—perhaps with the biggest 
prize—is leveraging KM for business effectiveness, such as 
improving process robustness, accelerated problem-solving, more 
e� ective technology transfer, and the like.  This motivation alone 
has propelled KM in other industries to a higher level than the 
pharmaceutical industry has yet to achieve.  And the third driver 
is people.  We are in a war for talent with other knowledge indus-
tries (and sometimes with each other).  I believe those who can help 
their employees best navigate what their organization knows, to 
free up their energy to focus on their meaningful work, will have a 
competitive advantage in a� racting and retaining talent.”

As part of Merck’s KM journey, Marty set up a Virtual 
Technical Network of more than 25 different communities of 
practice and more than 5,000 employees joined to ask questions 
and share knowledge. “Magic happened when people started 
exchanging ideas. We have had wonderful success stories of sav-
ing clinical supplies, cost avoidance, and sourcing urgent equip-
ment and materials. Someone told us, ‘I joined the company and 
thought I just had the people in my office to help me, but then I 
joined the global community and realized there were more than 
200 people willing to help me.’ Another engineer said, ‘I was 
always afraid to ask a question, but once I did, I realized people just 
wanted to help.’”

SHARING KNOWLEDGE
Sharing his knowledge with others comes naturally to Marty. “I 
am passionate about teaching others about KM for a few reasons. 
First, it’s just in my nature to share and help others. Second, I have 
found the KM community to be very generous of time, advice, and 
ideas. I think this is because many of the KM approaches are 
pre-competitive: there are details and best practices to the ‘what to 

do’ but much of the heavy li� ing is making these approaches work 
in the culture of your organization. I have seen our journey come 
full circle from student to teacher. We have learned from many 
respected organizations, including Shell, Rockwell Collins, 
Boeing, American Productivity and Quality Center (APQC), 
United States Navy Sea, Air, and Land (SEAL) Teams, Microsoft, 
and many others. As we have thought deeply and worked dili-
gently, we’ve had great results with savings in excess of $100 mil-
lion, and have for some time now been asked to share our success 
stories by the likes of NASA, Corning, the World Bank, Columbia 
University, and many organizations in our industry.”

Along the way, Marty has also become a teacher as well as con-
tributor to the foundation of KM, as Anne noted her nomination. 
Marty’s “research and contributions are centered on the patient. 
This research and his other contributions to the practice of KM are 
ultimately foundational for an e� ective pharmaceutical quality 
system and its goals of ensuring safe and efficacious products 
while also enabling a state of control and the basis for continual 
improvement. These contributions have also been linked to be� er 
decision-making during risk management activities, as well as 
helping address the drug shortage challenges currently faced by 
the industry.”

Marty thinks that KM holds a huge amount of promise for the 
pharmaceutical industry’s future. “In a time of post-COVID-19 
expectations for accelerated product delivery, geopolitical uncer-
tainty, and supply chain challenges, when the external manufac-
turing world has to be dynamic, there has never been a more 
important time to connect knowledge and risk.”

“I’m proud to be a member of ISPE because it is grounded in the 
practice of connecting and sharing knowledge,” Marty said. The 
network of people I’ve been able to meet and interact with is 
immeasurable. I’m very appreciative of ISPE and humbled to be 
recognized through this award. I want to acknowledge that I’ve 
had many friends and colleagues who have helped me on my jour-
ney and would like to thank my colleagues at Merck Manufacturing 
Division and TU Dublin for all of their support and partnership 
every step of the way.”  

About the author
Marcy Sanford is ISPE Publications Coordinator.

Knowledge management 
is crucially important to our 
business—it’s indispensable. 
Almost every one in our 
industry is doing KM in some 
fashion every day.
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“Most chemical engineers end up working 
in oil and gas, but the feeling and the satis-
faction that you get from working in the 
pharmaceutical industry to me was much 
more appealing. I always � nd it very inter-
esting to hear the patient stories at ISPE’s 
annual meetings. When you see the impact 
that your daily work has had on someone’s 
life, it is very gratifying.”

Over the past 20 years, Javier has 
worked for large and small pharmaceutical 
and biopharmaceutical companies special-
izing in biopharma operations and facility 
design. He has extensive experience work-
ing with different product platforms such 
as human blood plasma, vaccines, micro-
bial, and mammalian cell cultures. 

Currently at PM Group, Javier is Head of 
Process Engineering and is responsible for 
managing resources for the company’s 
pharma projects. He is also the in-house 
subjec t m at ter e x per t on si ng le-u se 
technologies, collaborating and advising on 
projects across the world. 

“Single-use technologies are here to 
stay and are going to remain a very big 
part of the way biopharmaceuticals are 
manufactured. But sustainability is very 
important and all of the big pharma com-
panies have sustainability goals and net 
zero and carbon neutral plans; single-use 
technologies can play a key part in the 
industry. As with everything, it comes 

with challenges, but I believe that sin-
gle-use technology can be part of the solu-
tion as we move forward into the next part of 
the century. One of the things I enjoy most 
about engineering is that you have a prob-
lem, and you have to develop a solution and 
prove it is the right one.”

Javier said that being a member of ISPE 
and the Disposables/Single-Use Technologies 
CoP has helped him solve challenges 
throughout his career. “One of the key things 
about ISPE is that it links you to a wide 
knowledge base. I don’t think there is any 
other way that you can reach such a large 
pool of knowledge in the industry. When 
you go to meetings and networking events, 
you meet other engineers and suppliers and 
those connections help you in your day-to-
day work life. You can also ask for advice on 
the ISPE Engage sites. For me, my ISPE 
membership has been invaluable.”

At PM Group, Javier also mentors new 
engineering professionals. “I enjoy mentor-
ing and developing the next generation of 
engineers. My advice to them is to always be 
open and grab every opportunity that comes 
your way. It may work, it may not, but if you 
keep an open mind and challenge yourself, 
that is going to help you to grow and build 
relationships, knowledge, and experience.” 

— Marcy Sanford, ISPE Publications 
Coordinator

J A V I E R  L O Z A N O

Javier Lozano is Chair of the 
Disposables/Single-Use 
Technologies Community 

of Practice (CoP). Originally 
from Spain, he is now located 

in Portsmouth, England. 
After earning a degree in 

chemical engineering from 
the University of Valladolid, 
he joined a pharmaceutical 

company working with active 
pharmaceutical ingredients 

and enjoyed the work so much 
that he knew he had found the 

industry he wanted to stay with. 
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Introducing CoP Leader Profi les
With this issue, Pharmaceutical Engineering® launches a new feature in P+E: profi les of Communities of Practice 
(CoP) leaders. These leaders are central to the success of ISPE’s CoPs, which spearhead the generation of 
ISPE’s gold standard content, including Good Practice Guides, Pharmaceutical Engineering articles, conference 
presentations, and training programs. 
The new series follows the CoP profi les series published in the magazine during 2022. Behind every CoP 
are the ISPE members who join CoP Steering Committees and participate in sharing knowledge with ISPE 
members. We will be highlighting two CoP leaders in each issue of the magazine, and look forward to 
sharing their stories with you.
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J A V I E R  L O Z A N O

From the beginning, Rachel was success-
fully tackling challenging projects and 
sharing knowledge from her experiences 
with others, like the lessons learned from 
Shire Pharmaceuticals Project that were 
presented by the team at the 2008 ISPE 
Europe Annual Conference. 

“The project required us to pack and 
blind a controlled substance, export from 
the US, and then re-export to multiple 
European countries, blinding at the very 
last stage of processing. New import and 
export rules had just been issued and at 
first, we did not even know how to get 
started. It was a tremendous feeling of 
accomplishment when the project was 
complete to know that we’d done something 
that seemed impossible when we first 
started it.”

After earning her master’s degree in 
pharmaceutical medicine from Hibernia 
C o l l e g e ,  R a c h e l  b e g a n  w o r k i n g  a t 
AstraZeneca and is currently Director, 
Global Clinical Supply Chain Capability and 
Technology, where she leads a global team 
that delivers input to clinical trial setup and 
the lean, business process management, 
and training frameworks for applicable 
AstraZeneca clinical trials to enable deliv-
ery of new medicines to patients. 

“I love the output of our work, that we’re 
developing new medicines, that we’re help-
ing people with their quality of life, and 
changing the course of what were previ-
ously incurable diseases. I love what I do, 
the people I work with, and that we get to 
experiment and innovate, not only with 
new products but with industry innova-
tions and new regulations such as direct-to-
patient shipping and the EU falsi� ed medi-
cines directive. 

The IPNA-EU CoP Steering Commi� ee 
really helps in these situations by creating 

cross-industry task teams that can tackle 
these emerging challenges or opportuni-
ties together to in� uence and shape the way 
that the industry develops for the future.”

Rachel is excited about hot topics and 
potential task teams being discussed within 
IPNA-EU CoP, including cell and gene ther-
apy. “Cell and gene therapy is moving us 
toward more and more personalized medi-
cine, which isn’t a new concept, but it is 
becoming more of a reality. 

“The patient will become the precise 
starting point for the product, which is not 
something we’ve been used to before.  It’s a 
very di� erent supply chain. These are some 
of the things we discuss in our CoP, the 
logistical challenges this shift can bring, 
the patient data challenges that could arise, 
and also the chain of custody for the prod-
uct that needs to be followed from patient 
back to patient.

Rachel’s participation in ISPE began in 
2007, when she a� ended an annual confer-
ence, minuting  the round table discussions. 
This sparked an interest in cross-company 
collaboration. 

“It’s really enjoyable to be working on 
cross-industry forums and realize that the 
problems or challenges you’re having are 
experienced by someone else or they may 
have managed to solve those issues. By 
working together, we can hopefully solve 
problems in a standard way and a shorter 
time in industry, all of which is to the 
benefit of the patient, which is why we 
are here.”

— Marcy Sanford, ISPE Publications 
Coordinator

R A C H E L  O W E N

Rachel Owen is the Chair of 
the Investigational Products–

Europe Region Steering 
Committee Community of 

Practice (IPNA-EU CoP). Located 
in Macclesfi eld, England, 

she has more than 22 years 
of experience supporting 

clinical trials. With a degree in 
biological sciences from King’s 
College London, Rachel knew 

she wanted a career in the 
science industry, but she did 
not necessarily want to work 
in a lab. She found the perfect 
profession at her fi rst job with 

Almedica, where she was a 
project manager for the clinical 

trial supply chain. 
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PEOPLE + EVENTS

Cultural excellence is the expressed and 
implied ways in which an organization 
operates. Excellence in organizational culture 
is essential for delivering robust and sustained 
quality performance and ensuring patient-
focused outcomes. ISPE’s new Advancing 
Pharmaceutical Quality (APQ) Guide: Cultural 
Excellence provides a quality management 
framework for assessing and advancing an 
organization’s culture of quality. 

“C
u lt u ra l e xcel lence is not a project , but a n ongoi ng 
commitment by leaders and individuals to model desired 
behaviors and hold others accountable to behavioral 

standards,” said Guide Co-Lead Nuala Calnan, CEO, BioPharm 
Excel Ltd. 

“Cultural excellence affects company performance in all 
areas: quality, operations, and supply chain. A culture of excel-
lence understands patient safety as paramount, as it recognizes 
quality not as an operational burden or compliance requirement, 
but a necessity that allows companies to make decisions that best 

New Guide Promotes 
Cultural Excellence  

bene� t the patient,” added Guide Co-Lead Erika Ballman, Associate 
Director Corporate Quality Systems, Perrigo Company Plc. 

The ISPE APQ Guide: Cultural Excellence provides a quality 
ma nagement f ra mework for assessi ng a nd adva nci ng a n 
organization’s culture of quality by evaluating the following 
aspects: leadership and vision; mindsets and a� itudes; Gemba 
and employee engagement; leading quality indicators—meas-
uring what matters; proactive oversight, review, and reporting; 
cultural enablers; and critical third-party partnerships.   

“To our knowledge, the ISPE Cultural Excellence APQ Guide 
would be considered the first of its kind in combining industry 
best practices, a cultural excellence framework with rich content 
in each dimension, inclusion of key cultural enabling behaviors 
for employee and leader levels, and an effective Assess, Aspire, 
Act, Advance model for practical development of action plans,” 
said Calnan. 

The ISPE APQ Guide: Cultural Excellence is the fifth and final 
guide in the APQ Guide series that seeks to improve the state of 
pharmaceutical quality and ensure sustainable compliance. To 
learn more about APQ Guides and other ISPE Guides, visit 
ISPE.org/publications/guidance-documents   

—Marcy Sanford, ISPE Publications Coordinator

PE Magazine Wants You!
Share information about A�  liate and Chapter events, trainings, Women in Pharma® meetings, Emerging 
Leaders activities, and Communities of Practice and Special Interest Group work—and we’ll share it with all 
of ISPE in Pharmaceutical Engineering’s People+Events (P+E) section.

Articles can be 400 to 1,000 words. Photos are welcome: at least 300 dpit or >1MB. Please submit to 
ssandler@ispe.org
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Meet the 
ISPE STAFF

Tina Li 

In each issue of Pharmaceutical Engineering®, we intro-
duce a member of the ISPE staff who provides ISPE 
members with key information and services. Meet 
Tina Li, Training Manager, Professional Development. 

Tell us about your role at ISPE: What do you 
do each day?
Each day is a different day for me depending on 
what’s going on that week. If there’s a week full of 
training courses, I ensure that my team members 
and I are ready to facilitate the courses that we’re 
assigned to. Training days consist of me being 
present during the training session by fielding 
attendee questions, troubleshooting technical 
issues, launching applications, and ensuring that 
the training is running smoothly for everyone. 
These are usually an all-day event or a half-day 
event over the course of 2–4 days. 

Behind the scenes of a training session or dur-
ing a non-training week, I go through my emails 
and get myself organized for the day. I like to set my 
intentions early in the morning so that I know what 
actions I need to take to accomplish my goals. Some 

days are busier than others, but I adjust accordingly 
to what requires my a� ention. Besides facilitation, 
I also manage our email communications, CEU 
[continuing education unit] certificates, and vir-
tual course creation.

What do you love about your job?
I love that I’m able to help others achieve their pro-
fessional development goals to go further in their 
careers. I also love that I’m able to collaborate with 
people from all over the world and hearing about 
their experiences and knowledge in the industry.

What do you like to do when you are not at work?
I’m spending time with my husband and my son. I am 
a � rst-time mom, so trying to navigate motherhood 
has been a new adventure for me. I like to be active as 
much as I can by going on walks and doing some 
strength training. Lately, I’ve been trying to hit 
10,000 steps a day and recently picked up Pilates. I’m 
also a big foodie, so I like to try new cuisines around 
the area and I also enjoy cooking, as I feel that food is a 
common ground that brings people together.

PEOPLE + EVENTS

The life-enhancing, �exible and innovative spaces that our Life 
Science construction business creates enable the scienti�c 

discovery that helps people thrive for generations.

Thank you, our Life Science construction team,  
for your unwavering commitment. The work you do  

every day for our Life Science clients matters. 

You make every di�erence.

Where bold is built.

Construction   l   Development   l   Investment 

Bold is in our DNA.
Jugwang Lee 
Life Science  
Construction

lendlease.com
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CONTAMINATION TRENDS AND 
PROPOSED SOLUTIONS
By Sia Chong Hock, Hong Sheu Dong, Jerrick Teo Chan Rui, and Chan Lai Wah

Contamination is one of the top reasons for 
medicinal product [1] recall by the US Food and 
Drug Administration (FDA) despite stringent 
GMP standards enacted by multiple drug 
regulatory authorities (RAs) globally. Reports of 
contaminated products from multiple sources 
worldwide were gathered to review overall 
trends and identify challenges. This article 
proposes recommendations for industry and 
RAs to address the identifi ed problems. 

T
o date, numerous case studies [2–6] have been completed on 
contaminated medicinal products and contaminants that may 
be useful in identifying and evaluating methods to control and 

manage contamination. However, few studies have analyzed con-
tamination trends to enable a more e� ective risk-based approach to 
control contamination in the manufacture of medicinal products.

This article aims to gather reports of contaminated medicinal 
products from multiple sources, such as PubMed and Embase; GMP 
standards adopted by the US FDA, China National Medical Products 
Administration (NMPA), and India Central Drug Standard Control 
Organisation (CDSCO); and standards from the World Health 
Orga ni zat ion ( W HO) a nd t he Pha r maceut ica l Inspect ion 
Convention/Cooperation Scheme (PIC/S). From the findings, the 
overall trends in contamination of medicinal products—including 
the types of medicinal products and common contaminants 
encountered, their causes and origins, preventive measures, and 

challenges faced by manufacturers and RAs—were identi� ed and 
recommendations to resolve the identi� ed problems provided.

IDENTIFICATION AND ANALYSIS OF CONTAMINATION TRENDS
Three major recall databases—those of the US FDA, the United 
Kingdom’s Medicine and Healthcare Products Regulatory Agency 
(UK MHRA), and Australia’s Therapeutic Goods Administration 
(TGA)—were searched to assess contamination trends in the past 
� ve years. The contamination trends analysis included the year 
the contamination event occurred, identity of the product and 
contaminants/impurities, country of manufacture and product 
recall (if any), circumstances leading to contamination, and out-
come following the contamination event. The number and break-
down by contaminants/impurities are provided in Table 1.

Unfortunately, these databases lacked information about the 
exact nature of the contaminant/impurity and the circumstances 
that led to the contamination events. To obtain deeper insight into 
contamination trends, PubMed, Embase, and Cochrane were 
searched, and cases from these literature sources were analyzed. 
The cases covered the same types of contaminants and impurities 
noted in Table 1: microbial contaminants, process-related impurities, 
metal contaminants, packaging-related contaminants, drug 
cross-contamination, and an “unknown” category encompassing 
other contaminants associated with the manufacturing process, 
including those from cell culturing. 

Microbial Contaminants
From 2007 to 2021, 90 cases of contamination due to microorgan-
isms were reported, with 61 caused by bacteria [5–10], 23 by viruses 
[11, 12], and 6 by fungi [6, 13, 14]. The most commonly mentioned 

TECHNICAL PRODUCTS AND PRODUCTION

Table 1: Contamination-associated recalls from 2017 to 2021.

Recalls Attributed to 
Contamination

Contaminant/Impurity

Microbial Process 
Related Metal Packaging 

Related Other Drugs Unknown

US FDA 177 78 41 3 5 13 37

UK MHRA 67 27 27 2 2 2 7

Australia TGA 84 28 22 - 6 - 28
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contaminants were Burkholderia species [5, 8] as a whole, and 
vesivirus 2117 for Genzyme products in 2009 [11].

Microbial contaminants commonly occur during manufac-
ture, o� en arising from the materials used. For example, bacterial 
and viral contaminants can occur from the use of animal sera and 
human plasma components [7]. Bacterial contaminants are also 
commonly introduced into medicinal products through water-
based routes, whether during manufacture of liquid preparations 
or from external sources [5, 8].

Compounding pharmacies were commonly mentioned as 
sources of microbial cross-contamination, especially in the US 
[14, 15]. The regulation of compounding pharmacies in the US has 
historically been murky because they are not o�  cially considered 
drug manufacturers, leading to incomplete regulation and non-
required adherence to GMP standards [9, 15]. This has led to com-
pounding pharmacies completing high-volume activities such as 
m a ss repac k ag i ng , t hereby i nc rea si ng t he r isk of c ross-
contamination. Similarly, compounding practices such as manual 
dilution and reconstitution [10] have been associated with 
cross-contamination by microorganisms.

As demonstrated by the various Burkholderia cepacia out-
breaks [5] and the case of Streptococcus mitis/oralis-contaminated 
Avastin, microbial contamination has the potential to cause 

widespread and serious infection. The Genzyme case also demon-
strates that contaminated medicinal products can lead to severe 
drug shortages, especially when production is monopolized by sin-
gle companies [11].

Process-Related Impurities
Over 30 studies were found to be related to contamination with 
process-related impurities [2, 4, 16–21]. More than 20 of these 
studies reported genotoxic impurities [2, 4, 16–19] such as 
nitrosamines [2, 16–18] or ethyl methanesulfonate [4, 19]. Five 
studies reported that the impurities were entities chemically 
similar to the drug substance, such as epimers, polymorphs, iso-
mers, or drug derivatives [20].

Although many of these studies did not identify the exact 
factors leading to contamination, the most common cause 
appears to be the formation of unexpected reaction byproducts 
during the changing of reactants during manufacture [2, 16–18]. 
One example is the switching of tributyltin azide with sodium 
a z i d e  a n d  d i m e t h y l  f o r m a m i d e  b y  Z h e j i a n g  H u a h a i 
Pharmaceuticals (ZHP) in 2012 to reduce waste and to increase 
yield in the production of angiotensin II receptor blockers, 
resulting in the formation of N-nitrosodimethylamine (NDMA), 
a known carcinogenic impurity [18].

SPOTLIGHT ON

MEMBER BENEFITS
Communities 
of Practice
Get answers to your most 
pressing questions and get 
involved in the development of 
topic-specific solutions.

ISPE.org/Communities-Practice
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Failure in characterizing impurities during the manufactur-
i n g s t a ge or i n t he f i n a l pro duc t i s a not he r c au s e [19]. 
Characterization is an important step to identify impurities and is 
especially crucial when manufacturers revise the manufacturing 
process. In ZHP’s case, omission of this step led to patients inad-
vertently taking NDMA-contaminated drugs for several years 
before the eventual detection in 2018 [18].

Poor cleaning practices also contribute to the formation of 
impurities. In the 2007 Ho� mann-La Roche Viracept incident, the 
holding tank was cleaned but not dried properly. This led to resid-
ual ethanol buildup and the unintentional formation of ethyl 
methanesulfonate [4].

Although these impurities o� en do not pose su�  cient risk to 
warrant a recall, mass recalls may be necessary for medicines 
taken for long-term use in view of the compounded risks  [2, 4, 18]. 
Patients taking these drugs may experience medication short-
ages, healthcare institutes may have to source safer alternatives, 
and RAs may be required to inspect the manufacturing premises 
to assess GMP compliance, suspend manufacturing, or recom-
mend corrective actions [21].

RAs may also have to review the risks of patients taking the 
contaminated medications [22], especially for manufacturers with 
large market shares (such as ZHP), which can impact large num-
bers of patients globally. Notably, in both the ZHP and Ho� mann-
La Roche contamination incidents, despite the impurities being 
carcinogenic, RAs declared the risks “not signi� cant” [22] or that 
there were “no health risks” [4].

Metal Contaminants
Of the 17 studies reporting metal contamination, various contam-
inants were identi� ed. They included nickel, chromium, steel, and 
aluminum, as well as various metals of a wide range of weight and 
toxicity [23–27].

Metallic particles that inadvertently came o�  the manufac-
turing equipment may be due to friction between two pieces of 
metal in the manufacturing equipment or from wear and tear 
during production. Noteworthy cases were the inadvertent 
introduction of g rade 316L stain less steel into Moderna’s 
COV ID-19 vaccine by the outsourced manufacturer (ROV I 
Pharma Industrial Services S. A. [25, 26] and visible black specks 
observed in Johnson & Johnson’s Infants’ Tylenol products [23–
25]. The former highlights the importance of avoiding human 
error in the handling of manufacturing equipment. In this case, 
the increased friction was caused by incorrect assembly of the 
manufacturing equipment due to a technician “visually mis-
judging the precise 1 mm gap between the star-wheel and the 
stopper” [25]. 

In both recalls, metal contaminants took the form of visible 
“black specks” observed by consumers, which prompted further 
investigation into the manufacturing process. Although technol-
ogy exists for the screening of elemental contaminants in phar-
maceutical products [27], it appears this screening had not been 
done during quality control tests by manufacturers.

In the Moderna COVID-19 vaccine contamination case, three 
lots of the � ve lots a� ected, totaling 1.63 million vials [26], had to be 
recalled and destroyed. In Johnson & Johnson’s contaminated 
Infants’ Tylenol incident, the manufacturer was � ned US $25 mil-
lion, and had to recall up to 136 million bo� les of pediatric medica-
tions [23].

Packaging-Related Contaminants
Eighteen studies reported contaminants from drug packaging. The 
contaminants included rubber, glass, plastics such as low-density 
polyethylene, plasticizers such as phthalates, and polymer addi-
tives such as Irganox 1010 and bisphenol A (BPA) [28–31].

One key cause was a� ributed to the incompatibility between 
the packaging materials and the product [28]. For biopharmaceuti-
cals packed in glass vials, the strong pH and/or bu� ers may result 
in the delamination of glass, resulting in glass � akes [28]. Another 
cause identi� ed was poor storage conditions by manufacturers. 
Prolonged storage or storage at high temperatures may potentially 
result in container degradation and the leaching of these impuri-
ties into the product [30]. For both causes, manufacturers should 
assess the toxicology and safety of their products in relation to the 
packaging materials used, as well as their storage conditions.

Many biopharmaceuticals, ophthalmics, and injectable prod-
ucts [29, 30] are o� en stored in rubber-stoppered glass vials, dis-
posable plastic syringes, polyvinyl chloride (PVC) bags, or plastic 
bottles. The accidental injection of rubber particles and glass 
flakes may lead to circulatory disorders such as vascular occlu-
sion, ischemia, and tissue necrosis, thereby increasing the risk of 
embolic, thrombotic, and vascular disorders [28]. Current evi-
dence also suggests an association between phthalate exposure 
and reproductive toxicity, hormonal imbalance, and fetal defor-
mations in humans [31].

Drug Cross-Contamination
Eighteen papers [32–36] reported cross-contamination with 
another drug product. One study was a systematic review that 
covered several cross-contamination cases, reporting eight cases 
of contamination with hydrochlorothiazide, two with torasemide, 
and one with triamterene [34]. In the remaining 17 studies, many 
contaminants were potent prescription-only medications such as 
antihypertensive drugs including hydrochlorothiazide, olmesar-
tan, and enalapril; anticancer drugs including vincristine; and 
immune-modulating drugs such as azathioprine.

One key contribution to cross-contamination was the use of 
shared manufacturing equipment, particularly improper cleaning 
between the production of different products. Even after proper 
cleaning, cross-contamination can still occur [33], which highlights 
areas for improvement in cleaning validation. Another cause iden-
ti� ed was human error during production. Personnel shortages and 
overloaded facilities can result in disorganized equipment and 
material � ow, resulting in mix-ups of products [36].

Diuretics such as hydrochlorothiazide have falsely indicted 
athletes for doping [32, 34], even when the contaminant was present 

TECHNICAL PRODUCTS AND PRODUCTION
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in small amounts. In the cross-contamination of itraconazole with 
rilmazafone, at least 245 patients reported dizziness, intense 
drowsiness, and loss of consciousness as well as 2 deaths and 
38 tra�  c accident cases [35]. Cross-contamination involving vin-
cristine also led to neurologic symptoms such as weakness and 
paralysis in at least 107 patients across 12 hospitals in China, despite 
investigations revealing that vincristine was only present in trace 
amounts between 0.28 and 18 micrograms per milliliter [33].

Where cross-contaminated drugs were not released into the 
market, drug shortages can still plague consumers and healthcare 
institutes. In the cross-contamination of Johnson & Johnson’s 
COVID-19 vaccine with AstraZeneca’s COVID-19 vaccine, up to 
75 million doses were ordered to be discarded following the inci-
dent [36], and vaccine shortages were subsequently reported in 
South Africa and Germany [37].

Cell Culturing Contaminants
Contaminants associated with the use of cell culturing were widely 
covered in some studies [38, 39]. Such contaminants included bacte-
rial host cells used in the cultivation of recombinant proteins, their 
endotoxins, and plasmid DNA [39], as well as tumorigenic stem 
cells. These studies brie� y covered the risks associated with such 
contaminants, such as immunogenicity [31], but otherwise were 
more focused on evaluating potential improvements to processes 
such as identi� cation and puri� cation.

ANALYSIS OF TRENDS BY FREQUENCY
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Figure 1: Frequency of mention of specifi c contaminants/impurities in case studies reported in the past 15 years (2007–2021).

The � ndings showed that the total number of contamination stud-
ies reported over the past 15 years is 344, with 90 in 2007–2011, 115 in 
2012–2016, and 139 in 2017–2021 (Figure 1).

Microorganisms are the most common contaminant, followed 
by biopharmaceutical contaminants and process-related impurities. 
The number of cases of process-related impurities rose sharply in 
the 2017–2021 period, due to nitrosamine contamination cases. 
Notably, aside from biopharmaceutical contaminants, these trends 
were also observed in the initial study of recall databases of the dif-
ferent RAs. Cross-contamination by other drugs also rose in that 
same period. The increased number of cases involving these 
contaminants suggests that closer a� ention should be paid to the 
control of cross-contamination and processes involving chemical 
reactions and the quality of reagents. The importance of segregat-
ing production operations in shared facilities should be empha-
sized. A risk analysis should be carefully conducted when there is 
any deviation in any of the processes, chemical reactions, and type 
and quality of the materials, including solvents and reagents.

COUNTRIES COMMONLY ASSOCIATED WITH CONTAMINATED 
MEDICINAL PRODUCTS
Due to the globalization of the world today, the issue of contaminated 
medications is an international one. Any major contamination event 
that warrants a large-scale recall would likely a� ect patients globally 
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[2, 40]. Although our analysis hinted at the US being most a� ected by 
recalls of contaminated medicinal products [5, 29], this could be 
explained by the fact that the US FDA regularly publishes alerts and 
recall noti� cations on their website to communicate recall informa-
tion to consumers [41]. 

Our analysis also showed that besides the US, the countries of 
origin where contaminated products have been commonly 
reported include the UK, Europe, Japan, China, and India [40, 42]. 
The contamination cases appeared disproportionately high for 
China and India compared to the rest of the world. This observa-
tion may not be surprising, given the high production output of 
these countries where labor costs are lower. Incidentally, the 
high-profi le contamination cases involv ing nitrosamine-
contaminated drugs and heparin also originated from these coun-
tries. It is therefore of interest to compare the GMP standards of 
WHO, PIC/S, and the previously mentioned major countries to 
be� er understand the factors that could have contributed to the 
contamination events.

IMPACT OF GMP STANDARDS ON CONTAMINATION
The following components of GMP standards were identi� ed to be 
pertinent to contamination control: cleaning validation; water 
quality; sterility testing; buildings, facilities, and equipment; and 
personnel. The components of GMP standards from WHO, PIC/S, 
the US FDA, China NMPA, and India CDSCO  were analyzed and 
these GMP standards are as follows [43–48]: 

 ▪ WHO: GMP for Pharmaceutical Products: Main Principles, GMP for 
Active Pharmaceutical Ingredients, and GMP for Biological Products

 ▪ PIC/S: Guide to GMP for Medicinal Products Part I and Part II 
and Annexes

 ▪ US FDA: 21 CFR Part 210 Current GMP in Manufacturing Pro-
cessing, Packing, or Holding of Drugs and 21 CFR Part 211 Current 
GMP for Finished Pharmaceuticals

 ▪ China NMPA: Good Manufacturing Practice for Drugs
 ▪ India CDSCO: Drugs and Cosmetics Act (DCA) Schedule M

The authors’ analysis found that the GMP standards from these 
agencies are fairly consistent. Most points pertaining to the pre-
vention of contamination are similar in concept, with di� erences 
in phrasing and content arrangement. Such di� erences can still 
create confusion among manufacturers in relation to contamina-
tion control and overall GMP compliance. 

In this regard, PIC/S has led the way in publishing a revised 
Annex 1 to its Guide on GMP for Medicinal Products, which will 
come into effect 25 August 2023. Annex 1 clarifies the clean air 
classi� cation and microbial monitoring limits that manufactur-
ers of sterile products have to implement for various processing 
and sterilization operations—such as aseptic processing, termi-
nal sterilization, and � nishing of the sterile products—based on a 
contamination control strategy and quality risk management 
principles [45].

Another key difference among national and international 
GMP standards is the level of technical details for cleaning 

validation. The WHO and PIC/S standards are the most compre-
hensive, covering changeover between di� erent products, brack-
eted products, and different batches of the same product. 
Conversely, national standards of some RAs tend to be devoid of 
details, leaving discretion to the manufacturers. Improperly vali-
dated cleaning procedures for shared production equipment can 
be a potential source of cross-contaminants, especially during 
product changeover. Overall, the various GMP standards appear 
sufficiently comprehensive in terms of contamination control 
measures. However, the continued occurrence of contamination 
and cross-contamination events highlights other challenges 
faced by manufacturers and RAs.

Manufacturer and RA Challenges
Currently there are still di� erences amongst GMP standards, for 
example in clean air classi� cation, microbial monitoring limits, 
cleaning validation, and conditions mandating dedicated drug 
manufacturing facilities [50]. Although manufacturers may abide 
by the standards adopted by a certain RA, they may be deemed 
noncompliant to another.

Even when manufacturers abide by the respective GMP stand-
ards, there is still a chance, albeit a small one, for contamination to 
occur. This is due to the impracticality in performing total quality 
checks for all product items during batch manufacture and char-
acterizing all impurities in a product. Contamination events can 
still slip through the cracks and defects may only be spo� ed a� er 
release into the market. The increasing use of biopharmaceuticals 
adds to the complexity of quality control. Additionally, not all 
manufacturers have the resources to adopt more e� ective tech-
nology to address contamination issues [49].

A nother major problem can arise from the presence of 
legally ambiguous gray areas. This is best exemplified in the 
form of large-scale compounding pharmacies in the US; the  
FDA has limited power to enforce interventions in compound-
ing pharmacies [15] due to ambiguity in whether their activities 
are considered pharmaceutical manufacturing. Therefore, 
compounding pharmacies could produce medications in bulk 
while receiving reduced oversight, leading to various outbreaks 
of serious contamination [9]. This has highlighted the need to 
assess the presence of possible equivalent gray areas in coun-
tries outside of the US. Both China NMPA and India CDSCO face 
similar issues [46, 47].

Further, di�  culties may arise when overseas inspections of 
pharmaceutical manufacturers are initiated. These are most 
notably observable in terms of the activities carried out by the US 
FDA, ranging from the need to announce inspections in advance, 
which gives time for manufacturers to rectify any issues [50], to 
sta�  ng issues that a� ect inspection capacity and restrictive poli-
cies [53]. Collectively, these problems can lead to infrequent over-
seas inspections. The median inspection frequency between 2011 
and 2019 is inadequate and undesirable, standing at approximately 
two years for high-risk sites and more than three years for low-risk 
sites [52]. Other RAs face similar sta�  ng and labor issues.

TECHNICAL PRODUCTS AND PRODUCTION
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PROPOSED SOLUTIONS 25 August 2023. To date, PIC/S has 54 participating authorities and 
its membership is growing. PIC/S has had success in driving the 
international harmonization of the GMP standard for APIs. The 
next challenge is for PIC/S to do likewise for the GMP standard for 
finished dosage forms, namely the PIC/S Guide to GMP for 
Medicinal Products Part I.

Through the international harmonization of a common GMP 
standard, the inspection in large countries such as China, India, 
and the US can also be more consistent, thereby alleviating the 
issues of varying inspection standards by local RAs. As outlined in 
the PIC/S 2023–2027 Master Plan, PIC/S aims to harmonize and 
standardize GMP training internationally to ensure that its 
inspectors consistently apply GMP enforcement and inspection to 
ensure that manufacturers across the world are held up to the 
same standards regardless of region. 

This harmonization also paves the way for mutual recognition 
agreements and inspection reliance, where any PIC/S member 
country may recognize the GMP of another PIC/S member coun-
try, thus avoiding duplication of inspection which then confers 
time and cost savings for both manufacturers and RAs. With a 
harmonized GMP standard, the quality of medicinal products can 
be assured and be in the best interests of public health. This global 
cooperation of inspections can also allow for inspections to be 
done more proactively by eliminating political barriers.

One key issue that remains, however, is the authority granted 
to inspectors, thereby limiting the routine inspection of overseas 
manufacturers. As previously noted, US FDA inspectors are not 
conferred su�  cient authority to conduct unannounced overseas 
inspections, which has contributed to inspections being done 
infrequently [52]. Aside from GMP harmonization, there should 
also be more authority granted to PIC/S or WHO inspectors to 
conduct unannounced inspections to assess GMP compliance.

This would avoid incidents where manufacturers that are 
noti� ed of an upcoming inspection use the lead time to clean the 
facility and ensure GMP compliance just before inspection [50], 
giving a false impression to inspectors. These additional inspec-
tions may even go further to assure product quality and strict GMP 
compliance by mandating routine inspections to be conducted at a 
speci� ed frequency (e.g., at least one inspection every 18 months), 
to complement the current risk-based inspections [48].

CONCLUSION
This article has investigated the published literature on the con-
tamination of medicinal products to identify common contami-
nants and contamination trends. It has further analyzed the GMP 
standards from the WHO, PIC/S, the US FDA, China NMPA, and 
India CDSCO, as well as the challenges faced by manufacturers and 
RAs, before proposing possible solutions. Microbial contaminants 
and process-related impurities were the most common contami-
nants, with cross-contamination involving other drugs becoming 
a problem. There are some minor differences among the GMP 
standards, but they all embody similar concepts regarding con-
tamination prevention.

Manufacturers
Contamination can be caused by many factors, including personnel’s 
lack of knowledge and training. The requirement for well-
quali� ed personnel, continual training, and quali� cation should 
be strongly emphasized. Manufacturers should embrace a proac-
tive quality culture.

Manufacturers should also be encouraged to harness advanced 
containment and process analytical technologies, which are 
already in existence. Manufacturers should be encouraged to har-
ness technology such as quality by design (QbD) when considering 
problems associated with the final testing of products—from the 
need to test large numbers of � nished products to identify contami-
nation at extremely small percentages to the use of destructive 
testing—and to place particular emphasis on its practical imple-
mentation. A focus on developing and adopting real-time, 
nondestructive methods of contamination monitoring throughout 
the manufacturing process is needed, such as by using spectro-
scopic methods including Raman spectroscopy to improve the 
speed of contaminant detection.

Contamination issues are a big challenge for compounded 
medicines. There is a need to reduce the level of human-performed 
operations, which are a major source of contamination. One possi-
ble way to combat this would be to assess which products are most 
commonly compounded and to create similar formulations to be 
batch-manufactured, avoiding the need for compounding. 
Alternatively, the use of robotic compounding and other auto-
mated processes could be explored, as these have been shown to 
reduce contamination rates [53].

RAs
Although all GMP standards share a common aim to guide the 
production of safe and good quality medicinal products, the 
contents of these national standards are often organized, 
arranged, or structured di� erently. These di� erences may lead 
to confusion among manufacturers with regard to GMP compli-
ance, including contamination and cross-contamination control. 
Some GMP standards still use subjective and vague terms such 
as certain drugs, highly active or highly sensitizing drugs, or cytotox-
ics, which are le�  to the manufacturers. It would be best to elimi-
nate these vague terms and to characterize drugs in a globally 
accepted, common GMP standard to avoid ambiguity [54]. 

A globally harmonized GMP standard for medicinal products 
in � nished dosage forms such as that for the manufacture of active 
pharmaceutical ingredients (APIs)—namely the PIC/S Guide to 
GMP for Medicinal Products Part II—can eliminate such ambigu-
ity and confusion. This will go a long way in enhancing overall 
GMP compliance and quality assurance in the pharmaceutical 
manufacturing industry. It is also in line with the mission of PIC/S 
to lead in the international development, implementation and 
maintenance of harmonized GMP standards.

PIC/S has recently revised Annex 1 of its GMP standard for the 
manufacture of sterile medicinal products, which goes into e� ect 
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The main issues for contamination still occurring today 
could be attributed to lack of knowledge, noncompliance to 
GMP, confusion due to di� ering GMP standards, and ine� ec-
tive enforcement. Possible solutions include the strict require-
ment of well-trained personnel, continual training, minimiza-
tion of compounding activ ities, adoption of QbD and new 
technolog y, and GMP harmonization and standardization. 
PIC/S has led the way in publishing clearer clean air classi� ca-
tion and microbial monitoring limits, which manufacturers of 
sterile products have to implement for various processing and 
sterilization operations. 

It is hoped that the clari� cations in the recently updated PIC/S 
Guide to GMP for Medicinal Products Annex 1 will eliminate 
existing ambiguities and will eventually result in lower rates of 
contamination and a higher level of quality assurance for sterile 
medicinal products. If this happens, international harmonization 
to the PIC/S Guide to GMP for Medicinal Products, including 
Annex 1, could be adopted by all RAs and form the basis of interna-
tional harmonization. It is acknowledged that the contamination 
cases captured may not be exhaustive, but collectively, they show 
certain trends have occurred worldwide. It is also acknowledged 
that the results might have skewed toward countries with greater 
information availability, despite e� orts to include contamination 
cases globally.

Regardless, the findings have provided a broad overview on 
the issue of contaminated medicinal products and potential solu-
tions to counter contamination. Future studies surrounding 
contamination could focus on categorization of common contam-
inants to aid in QbD and the promotion of shared interests and 
greater international collaborations.   
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CLEANROOM RECOVERY STUDY 
Using CFD Methodology
By Elijio Prado and Albert Dyrness

Computational fl uid dynamics (CFD) can reduce 
or eliminate the uncertainty associated with a 
cleanroom facility as the planned design can be 
simulated to predict performance to a high degree 
of accuracy. This article discusses the use of 
CFD for the purpose of predicting and optimizing 
the performance of a cleanroom facility in terms 
of steady-state airborne particulate levels and 
for estimating the recovery time to a particulate 
challenge per ISO 14644-3 [1].

A
n equation is derived to predict the recovery time for a clean-
room that is challenged with 0.5-micron particulates. The 
results from CFD are compared to the derived equation and to 

experimental data for a cleanroom waste airlock. A further CFD 
model of an entire cleanroom facility is made, and the recovery 
results are compared with the mathematically derived model.

The methodology presented here allows for particulate levels 
and recovery times to be estimated during the design phase of a 
cleanroom facility. This study illustrates that CFD is a valuable 
tool in reducing the uncertainty associated with a cleanroom 
design. Once created, the CFD model can be used for parametric 
studies to optimize a design. Design parameters such as air change 
rates, exhaust rates, supply and exhaust register locations, and 
supply register types (e.g., laminar, radial) can easily be studied to 
gauge the impact to particulate levels. These simulations were 
performed with ANSYS CFX so� ware, version 2021R1.

CFD METHODOLOGY
To gain confidence in the CFD methodology, a cleanroom waste 
airlock was first modeled for recovery time and compared to a 
mathematical model and experimental data. Even though a waste 
airlock is used in this study, the methodology formulated here 
applies equally to higher grade room classifications, such as an 
aseptic filling area. This work includes a mesh independence 
study on the CFD model, which compares particle recovery times 
for increasing levels of mesh re� nement.

After a satisfactory agreement was made between the CFD 
model and experimental data for the airlock, a more complex 
facility was modeled and optimized to minimize the overall 
steady-state particulate level.

This article � rst analyzes a cleanroom waste airlock and then 
an entire facility composed of cleanrooms. Design input parame-
ters for the waste airlock came from the as-built/as-le�  condition 
(e.g., � nal air balance, � eld measurements) to align with the actual 
conditions. For a new construction, detailed or conceptual design 
parameters would be used to predict the cleanroom performance.

Mathematical Model
Figure 1 illustrates a typical cleanroom with a recirculation � uid 
stream that is part of a fan � lter unit. The � gure shows two � lters, 
one part of the fan � lter unit (associated with yc) and the other part 
of the outside air (associated with yin).

Assuming uniform particulate levels throughout the room, 
the concentration mass balance for the control volume in Figure 1 
becomes: 

Equation 1

Where:  is the mass � ow rate for stream i
yi is the particulate concentration for stream i
Mr is the � uid mass in the room

Further, assuming that the � ow is incompressible, in that there is a 
negligible impact of density as the variation in pressure is insig-
nificant, and the room mass remains constant, Equation 1 
becomes:

Equation 2

Where: Qi is the � ow rate for stream i and Vr is the room volume.
A mass balance reveals that Qin = Qe.

TECHNICAL CLE ANROOMS

Figure 1: Flow diagram for a room with a fan fi lter units.
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ters for the waste airlock came from the as-built/as-le�  condition 
(e.g., � nal air balance, � eld measurements) to align with the actual 
conditions. For a new construction, detailed or conceptual design 
parameters would be used to predict the cleanroom performance.

Mathematical Model
Figure 1 illustrates a typical cleanroom with a recirculation � uid 
stream that is part of a fan � lter unit. The � gure shows two � lters, 
one part of the fan � lter unit (associated with yc) and the other part 
of the outside air (associated with yin).

Assuming uniform particulate levels throughout the room, 
the concentration mass balance for the control volume in Figure 1 
becomes: 

Equation 1

Where:  is the mass � ow rate for stream i
yi is the particulate concentration for stream i
Mr is the � uid mass in the room

Further, assuming that the � ow is incompressible, in that there is a 
negligible impact of density as the variation in pressure is insig-
nificant, and the room mass remains constant, Equation 1 
becomes:

Equation 2

Where: Qi is the � ow rate for stream i and Vr is the room volume.
A mass balance reveals that Qin = Qe.

In addition, if we let X = 1 – HEPA%, then yc = X yr and the equation 
becomes:

Equation 3

Rearranging and integrating, the equation becomes:

Equation 4

Integrating yields:

Equation 5

Solving for time t, the above equation becomes:

Equation 6

At time t = 0, the room concentration yr = y0 (initial concentration) 
and thus the Const2 is:

Equation 7

Thus, the time equation becomes:

Equation 8

The equation above provides the elapsed time in going from an ini-
tial room concentration y0 to a final room concentration yr. The 
equation can be used to estimate recovery times where y0 = 100 yr. 
Note this equation was formulated for a room with recirculation fan 
filter units but can easily be applied to a single-pass flow system 
with Qc = 0.

WASTE AIRLOCK MODELING USING CLOSED-FORM SOLUTION
This waste airlock model consisted of a single-pass system with 
two doors, one HEPA inlet, and one exhaust. Since the airlock 
operated as a pressure sink, the model needed to account for the 
inlet � ows across the doors, as this would a� ect the room partic-
ulate concentration. An easy way of accounting for these � ows 
was to make Qin and yin a � ow-weighted average of the in� ltrated 
door flows and the HEPA inlet flow. As an example, if the infil-
trated door flows are 50 cfm and 100 cfm at a concentration of 
1,000 particles/m3 and 100,000 particles/m3, respectively, and 
the inlet HEPA air contains a flow of cfm at a concentration of 
50 particles/m3, then Qin would be set to 650 cfm with yin set at 
15,500 particles/m3.

To estimate the in� ltrated door � ows, design documentation 
can be used. Specifically, the differential pressure (dp) between 
rooms should be known from the pressurization plan, and design 
drawings can be used to estimate the � ow area of the door clear-
ance (gap between door edge and � oor or door edge and wall).

In this study, to reduce the uncertainty of this methodology, 
� eld measurements were used for both the dp across the doors and 
the door clearance. The door infiltration flow rate is calculated 
based on the Darcy–Weisbach equation shown below, with the loss 
coefficient K simply modeled at 1.5, which is equal to an abrupt 
entrance + exit loss coe�  cient:

Equation 9

Where: dp = di� erential pressure across the door:
K = loss coe�  cient across door
A = � ow area of door clearance
Q = door in� ltration � ow rate

 = air density

Solving for the � ow rate yields:

Equation 10

Using the above equation, the door infiltration f lows were 
calculated.

Other � eld measured data that were used as inputs to Equation 8 are 
listed below:

1. The HEPA inlet � ow per air balance report
2. Initial room concentration, y0, per � eld tested recovery study
3. Final room concentration, yr, per � eld tested recovery study
4. Measured room volume

The waste airlock was designed as a single-pass system; therefore, 
the recirculation � ow, Qc, in Equation 8 was set to zero. This equa-
tion estimated the waste airlock to take 7.24 minutes to go from an 
initial concentration of 100x to a � nal concentration of 1x.

WASTE AIRLOCK MODELING USING CFD
As previously discussed, this room acts as a pressure sink, mean-
ing that it operates at a lower pressure than the adjacent rooms. 
Thus, there is air infiltration into the room via the door clear-
ances. The CFD modeled the doors in their closed position with 
air allowed through the bottom door clearance. The same flow 
rates that were used for the mathematical model were used for 
the CFD model. Two models were solved: � rst a � ow-only model 
and then a particulate transient model. It is important to have the 
� ow structure resolved before introducing the particulate chal-
lenge, otherwise the results may not be as accurate. The particu-
late transient started with � ow results based on the steady-state 
� ow-only solution with an initial particle concentration at 100x.

 Assumptions
The following assumptions were made in our study:

1.  The air was assumed incompressible with properties at 25°C 
(77°F). The pressure changes are minor, so this assumption 
will not have a noticeable impact.

2.  Particle deposition does not typically occur for 0.5-micron-sized 
particles (medium-sized particles) as they typically � ow with the 
air stream [2], thus particles are assumed to be fully suspended.

Selected Conditions
For this study, the following conditions were used:

1.  Isothermal conditions were used because there were no sig-
ni� cant heat loads.

2.  To model turbulence, the two-equation RNG k-  model was 
used with medium turbulence intensity (5%), which is the 

Const2
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recommended CFX option when no turbulence intensity 
information is available. As a check, the turbulence intensity 
formula, I = 0.16Re-1/8, for fully developed flow within a pipe 
was solved for the HEPA inlet flow and the door infiltration 
flows (with a hydraulic diameter = 4 × flow area ÷ wetted 
perimeter) and an intensit y of approximately 5% was 
calculated.

3.  All physical walls contained a no-slip boundary condition, per 
boundary layer theory.

4.  The high-resolution scheme was used for turbulence and 
advection. This scheme uses second-order numerical mode-
ling and is the recommended scheme to use for � nal results.

MESH INDEPENDENCE SOLUTION
An unstructured mesh using mostly tetrahedral elements was 
applied with some prisms and pyramids as required. Two layers of 
mesh in� ation using prisms were added o�  the � oor to be� er capture 
the high-velocity gradients arising from the in� ltrated door � ows.

Three separate meshes were created to test mesh independ-
ence on recovery time. Successive mesh re� nements doubled the 
total number of elements; the medium mesh had twice the number 
of elements as the coarse mesh, and the � ne mesh had twice the 
number of elements as the medium mesh. Local mesh sizing was 
added to the door clearance. The local mesh-sizing parameters on 
the door clearance and the two-layer mesh in� ation thickness did 
not change across the di� erent meshes, only the global mesh size 
changed. Figure 2 illustrates surface mesh and volume mesh.

Table 1 shows the results of the mesh study for coarse, medium, 
and � ne on the parameter of interest.

The results suggest that mesh independence was achieved 
with the coarse mesh, as the medium mesh results di� er by less 

Figure 2: Waste airlock coarse surface mesh (top) and fl uid volume mesh (bottom): (a) coarse, (b) medium, (c) fi ne. 

A B C

Tab le 1: Mesh study.

Parameter of 
Interest Coarse Mesh Medium Mesh Fine Mesh

Number of Elements 70,066 140,427 280,146

Number of Nodes 15,579 30,004 57,418

y+ Area Average 49 39 31

Element Size (inch) 4.7 3.0 2.2

Recovery Time (min) 9.30 9.47 9.45

TECHNICAL CLE ANROOMS
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than 2% and the recovery time did not signi� cantly change with a 
further doubling of the mesh density (� ne mesh results). Thus, a 
global element size of 4.7 inches was su�  cient to properly capture 
the � ow physics along with the two-layer prisms o�  the � oor and 
local mesh controls at the door clearance.

MATHEMATICAL MODEL, CFD, AND EXPERIMENTAL DATA
The mathematical recovery time model and CFD agree within 
approximately 24% (7.24 vs. 9.47 minutes). The mathematical 
model was based on uniform distribution, and the CFD results 
were made based on a volume average concentration for an equal 
basis comparison. Though the CFD model did show that uniform 
particulate distribution did not exist, it was expected due to the 
existence of di� erent particle concentrations for the inlet streams 
and the fact that mixing does not occur instantaneously.

The experimental data was taken at three di� erent points within 
the waste room at approximately working level or about 3 feet from 
the floor. The experimental recovery times for these three points 
were 9 minutes, 10 minutes, and 9 minutes; averaging yields a recov-
ery time of 9.33 minutes. The experimental results and CFD are in 
close agreement at less than 2% di� erence. This illustrates that, with 
the methodology provided in this CFD study, accurate predictions for 
particulate recovery times may be obtained using CFD.

FACILITY CFD MODEL
The CFD methodology discussed previously was implemented in a 
much larger cleanroom facility with four Grade B processing clean-
rooms, a storage room, an entrance corridor, personal access, and mate-
rial access,  as shown in Figure 3. Radial HEPA supply registers were used 
in the model, and several rooms contained recirculating fan units.

Figure 3: Grade B facility cleanroom model: (a) isometric view, (b) isometric of Room 1 showing details, (c) pressurization plan view, 
(d) CFD particulate concentration at working level during normal operations.
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The Grade B cleanrooms, shown in red in Figure 3, acted as 
bubbles, i.e., at higher pressure than adjacent rooms. The arrows 
shown in the pressurization plan view of Figure 3 illustrate the 
� ow cascade and denote the door locations.

The recovery times were estimated using the mathematical 
model and CFD. This facility study included the following three 
elements:

A.   An operating study with personnel present to determine 
steady-state particulate levels; this included several di� er-
ent con� gurations for cleanroom optimization.

B.   A transient with no personnel to capture a steady-state � ow 
condition, based on the � nal con� guration from element A.

C.  A  transient particle recovery study (no personnel present) 
with initial � ow conditions from element B and a 1E8 parti-
cles/m3 starting concentration.

Element A of the study involved performing several simulations, 
each with a di� erent con� guration (such as di� erent supply and 
exhaust locations), with the goal of reducing the steady-state 
particulate level; the � nal design is illustrated in Figure 3. For this 
study, personnel were modeled with an applied particulate gener-
ation source. A total of 20 personnel working in the facility was 
assumed, each generating 3,000 particles/second of 0.5-micron 
size, which was applied uniformly. This particle generation rate 
was considered conservative because people in Grade B cleanroom 
coveralls will generate no more than 1,000 particles/sec [3]. To 
model the particle generation rate, a small velocity (such that it did 
not a� ect the room air change rate) was applied on personnel with 
a particle concentration determined as below:

Particle Concentration = (3,000 particles/sec)  ÷  (small velocity ×  
surface area of person)

In addition to modeling personnel, the planned equipment 
(e.g., biological safety cabinets, tables, chairs) was also mod-
eled . Ex hausts contained a pressure boundar y condition, 
which was adjusted to achieve room target pressurization (as 
shown in Figure 3). Exhaust f lows were an output of the CFD 
model and useful in properly sizing the exhaust ductwork and 
fan(s). Air communication between rooms was only allowed 
via a 0.5-inch modeled clearance at the bottom of doors. The 
final CFD configuration had a maximum particulate level of 
approximately 2.5E5 particles/m3 in the Grade B space, which 
i s 3 0 % lowe r t h a n t he Gr a de B op e r at i n g l i m it of 3 . 5E 5 
particles/m3.

As this was a study to show the feasibility of using CFD at 
the design stage of a project, there is no experimental data. The 
comparison for the four processing rooms is made between CFD 
and the mathematical recovery model derived previously.

As can be seen in Table 2, there is reasonable agreement 
between CFD and the mathematical model; however, CFD is 
expected to yield the more accurate result.

CONCLUSION
This study showed that CFD is a valuable tool in cleanroom 
design, with particulate recovery times accurately predicted 
within 2% of experimental data, as shown in Table 2. This 
comparison was made based on averaging the experimental 
results of 9 minutes, 10 minutes, and 9 minutes. The experi-
mental data itself has an 11% spread, which is larger than the 
CFD prediction.

The mathematical model was not expected to provide as 
accurate a result since it is based on simplifying assumptions 
suc h a s equ a l pa r t ic u l ate d i st r ibut ion . Never t heless, it s 
results are valuable at providing estimates in the initial design 
phase of a project and acknowledges the need for more sophis-
ticated analysis tools when accuracy is critical.

Several biopharmaceutical companies have adopted the 
European Union Guideline of a 15- to 20-minute recovery time. 
As can be seen from the results in Table 2, even the mathemat-
ical model could have provided quick guidance to whether a 
design would meet this recovery time criteria.

The larger advantage of using CFD over the mathematical 
model is not only to provide more accurate results, but also to 
perform optimization studies such as rearranging the inlet 
and exhaust registers in a room or even changing register type 
(e.g., from laminar to radial) to see the effects not only on 
recovery times, but also on steady-state particulate levels.

The sug gested pat h for cleanroom desig n is to use t he 
mathematical model as an initial estimate to establish a mini-
mum required room air change rate. This initial airf low can 
then be used in a CFD model to determine a more accurate air 
flow requirement. This approach would eliminate uncertainty 
in a heating, ventilation, and air conditioning (HVAC) design 
and reduce the potential of overly sizing an air handling unit 
(AHU) and/or exhaust fan system.

TECHNICAL CLE ANROOMS

Table 2: CFD versus experimental data and mathematical model 
for recovery time.

Room CFD (min) Experimental (min) Di� erence (%)

Waste Airlock 9.47a 9.33 1.5

Room CFD (min) Mathematical 
Model (min) Di� erence (%)

Waste Airlock 9.47a 7.24 23.5

Processing 
Room No. CFD (min) Mathematical 

Model (min) Di� erence (%)

1 5.32 6.19 16.4

2 5.15 6.02 16.9

3 5.60 5.84 4.3

4 5.27 6.02 14.2

a Using worst case CFD recovery time from Table 1.
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The following are required design inputs and considera-
tions for building an accurate CFD model:

 ▪ Flows for inlet and exhaust registers and in� ltration across 
doors should be considered.

 ▪ Each � uid stream should contain its own particulate level. 
This would come from design inputs at the design stage and 
may include the outside particulate level being designed to the 
� lters within the AHU (pre and � nal � lters), and the terminal 
air � lter in the cleanroom.

 ▪ The room exhaust may be entered as a pressure-speci� ed 
boundary condition, which can be adjusted as the solution 
is being solved, to meet target pressurization within the 
room. The exhaust pressure will not necessarily be equal to 
room pressure as there may be hydraulic losses, depending 
on how the exhaust is modeled. From experience and CFD 
modeling best practices, it is best to avoid modeling an 
exhaust boundary where recirculation � ow may occur.  

2.  Tsuda, A., F. S. Henry, and J. P. Butler. “Particle Transport and Deposition: Basic Physics 
of Particle Kinetics.” Comprehensive Physiology 3, no. 4 (2013): 1437–1471. doi:10.1002/
cphy.c100085

3.  Whyte, W., N. Lenegan, and T. Eaton. “Calculation of Airborne Cleanliness and Supply Rate for 
Non-Unidirectional Airfl ow Cleanrooms.” European Journal of Parenteral & Pharmaceutical 
Sciences 21, no. 3 (2016): 79–88.
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