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Infroduction

The chemical & pharmaceutical sector 18 critical to the economic development of any country globally.
This sector has long had a global presence, providing mput to other sectors such as agnculture and
manufacturing industries that improve living standards around the world. Few of the products
mamufactured by chemical & pharmaceutical industries can be sold or used as fimshed products in our
daily life. However, most of the products are used as raw materials for other sectors. However, this sector
15 comprised of two separate industries. each 1s a sector ttself In early 507, Pakistan Industrial
Development Corporation (PIDC) was setup by the Government, for industrniahization of the country. As a
result, a large chemical estate comprising Pak American Fertilizers, Maple Leaf Cement, Antibiotics
(Penicillin) and Pak Dyes & Chemucals, was established at Iskanderabad (DaudKhel), district Mianwali
This estate played an important role and served as a nucleus for chemical mdustry mn Palastan [1]. In
1960°s, another chemical complex was set up in private sector at Kala Shah Kaku, Lahore. Chemical
factories also started emerging at Karachi due to the mvestment friendly polictes which gave confidence
to the investors [2]. According to Pakistan Economic Survey 2021-2022, the large-scale manufacturing
(LSM) mdustries growth increased by 10.4% during the fiscal year 2022 as compared to the 4 2% growth
in the same period last year [3]. The industry specific data shows that the chemical industry has 7.8%
growth in the fiscal vear 2022 [4].

Furthermore, the number of different chemucal and pharmaceutical mdustries were also reported 1n
Censes of Manufacturing Industries 2015-2016. These categorizations were made on tvpe of chemical
products the basic chemical mdustries include production of Soda Ash. Caustic Soda, Sulphuric Acid &
Chlorine, and Fertilizers. Most of these industries are located in Pumab Province Other chemical
industries mclude industries which are mvolved 1 manufacturing of specialty chemucals. The mumber of
sub chemical mdustries of Pakistan 15 provided 1n below table 1. The GIS location maps of Chemical and
Pharmaceutical Industries in Pakistan are shown i figure 1.

Table 1: Provincial Wise and Sub-Sector Wise Number of Industries

Industry type Punjab Sindh KPK  Baluchistan Islamabad  Total
Basic chemicals, fertilizers efc. 237 110 26 4 2 379
Pharmaceutical Products 252 211 63 16 66 608
Other chemical products 357 155 44 4 8 568
Total 8486 476 133 24 75 1555

Source: (Pakistan Bureau of Statistics, 2014)
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Figure 1: GIS Location Map of Chemical & Pharma Industries in Pakistan

Eco-innovation is an approach that aims to reduce environmental pollution and minimize
resource consumption by encouraging reuse/recycled substitution of processes at orgamizational
readjustment with maximization of production efficiency at output.

Approach and method

To determine the present state of the Eco-innovation approach, comprehension and adaptation
the current textile sector, a thorough industrial survey was done m which approxumately 130
industries were contacted and only 13 imdustries responded, 2 from large scale, 3 were of
medium scale and the rest § from small-scale industries. A mixed data collection method was
emploved:
o [Interviews with industries managers. environmental representatives, and owners
s Focused group meetings (FIG:M) and
¢ Questionnaire survey (both online and in-person).
*  The assessment framework comprises three mam elements [3] on which the questionnaire
survey was destigned. These key elements are given below,
..  Eco-Innovation related to process technology (EP)
ii. Eco-Innovation related to Product (EPR)
iii.  Eco-Innovation related to Organization {EQ)

Research Findings

1. State of Eco-Innovation
(i) Process Technology Innovation (EP)

New addition'modification in the process for environmental damage minimization Six questions
were asked, labelled as EP1. EP2. EP3. EP4. EP>. and EP6 (Table 2).
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Table 2: Quarries for ranking the process technology innovation (EP).

EP1: Technologies for cleaning the air, water, soil. and solid waste.
EP2: Cleaner manufacturing techmaues
?’m.::m_tacﬁnofagv €€0°  FP3: Final disposal of recycling waste equipment
mnovanen EP4: Instruments used in the industry to monttor solid, ligmd, and
environmental comtamimants.
EP5: Technology for reducing noise and vibration
EP6: Energy-hased strategies for renewal (solar or wind energy)

Findings

*  Over 5% of industries have adopted cleaner processes and pollution control eco-innovation

® For waste management and environmental monitoring-related eco-mmnovation, 53% and 41%
of industries respond positively, respectively.

* However, only 18% of industries have responded by affirming green energy technologies.

Fig 1. Srate of Process technology innovation

TRy Not imtalled e 57 06
T~ @
< Z 5‘-‘— Installed T— 1504
== 5 =
BZE e Not intalled 1 (54
E T = £ Inztalled S 1504
smT T =
= - = - -
£ =iz Notintalled S 501
z z :LE% Installed ——— 1%
: g E=
£ e Not intalled —— T
- = = o
§£E Installed DS 530
£~
§#F £~ Notintroduced IEEEEEESSSSSS—— 350
EE ¥z z
=SESLES Introduced T (504
& 8 B5 Y
b :E
F¥o Not Adapted I 5 0
SE= Adapted | — (50
s
- =

0%s  10% 20% 30% 40% 500 60% @ T0%%  80%  90%

Percentage %

a1 Engresing 4 Tad gy
Jemvishard. Poketcr




(ii) Product Technology Innovation (EPR)

Any modification’ improvement i the product design. For environmental impact reduoction
during the lifecycle of the product. There were three questions EPR1, EPR2, and EPR3 (Table 3).

Table 3. Quarries for ranking the product technology innovation (EPR).
EPR1: Enhanced environmental labellmg

EPR2: Green products that are environmentally friendly.

EPR3: Greater energy efficiency i goods and services

Findings:

® The survey results reveal that i Pakistan, most of the chemical and pharmaceutical industries
have mtroduced product eco-inmovations and improved their products regarding environmental
pollution.

o MNlore than 50% of mdustries positively responded to the question related to product eco-
innovation.

Fig 3. Stare of product technelogy innovation
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(iii}) Organizational Eco-Innovation (EQ)

Organizational management system and coordination. Three questions were asked (1e, EOIL,
EO2 & EO3). The description of questions is given in table 4.

Table 4. Quarries for ranking the product technology innovation (EQ)

EO1: Avoid waste-producing management strategies.

Organizational eco- EO2: System for structured envionmental management and
innovation monttoring (150 14001 EMAS_ etc))

EO3: Chain management

Findings:

¢ Most of the about 60% responded chemical and pharmaceutical industries are export
oriented. Thus, these mdustries have adopted formal environmental management systems
within firms.

o 60% of mndustries have positively responded and adopted the orgamizational eco-
innovation option. The remaining industries are local manufacturers.

Fig 4. State of organizational eco-innovation
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2. Drivers of Eco-Innovation

The survey mvestigated the elements that mfluence eco-mnovation and found both mternal and
external ones. These forces mclude the availability of resources, technological aptitude, ethical
responsibility, buver pressure. mternational standards. and local laws. The study covered six
aspects of the factors that drive eco-mnovation.

(1) Environmenrtal regulation

Bv establishing criteria and objectrves for decreasing environmental impact and motivating
businesses to create new technologies and methods to achieve those goals, environmental
regulation can operate as a catalyst for eco-mnovation. The survey mncluded numerous aspects of
environmental legislation as a catalyst for eco-mnnovation (Table 3).

Table 5. Quarries for ranking environmental regulations in indusmries (ER)

ER1: Stningency of the environmental regulations

ER2: Environmental regulations implementation

ER3: Level of monitoring by the regulatory authorsty through aundits and
Environmental rezcirtists
Regulations (ER) ER4: Environmental benefits m response to existing envirommental

' regulations or taxes on pollution

ERS5: Environmental benefits in response to the emvironmental laws or taxes

to be imposed 1n the fiture

ERG: Availability of government grants. subsidies. or other financial

mcentives

Findings:

» ERI' About 25% responded think that environmental regulations are relaxed. 28%
remain neutral The reason of being neutral is, perhaps. reluctance due to ‘unknown™ fear
from monitoring authority and 11% of them expressed that the environmental regulations
are extremely stringent.

s  ER2: Majority of mdustries (32%) think that implementation of environmental regulations is
moderate 11gorous.

o FER2: About 47% mdustries responded that level of monitoring by the regulatory authority
through audits and reporting 1s high

o FER4: 37% of respondents think that organizations do mnovation in response to
environmental regulation and taxes are to a very large extent.

s ER5: About 23% believe that industries generate mnovation to a moderate extent in
response to environmental regulation expected to be mtroduced m the future. While 42%
responded that the mdustry does innovation to a large extent.

s ER6: In response to the availabiliy of government grants or anv other financial
incentives provided around 14% of respondents believe that industry mmtroduces no
mnovation However, 38% of respondents have an opinion to large extent.
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Fig 5. Staus of environmental regulations (ERI-ERG) in industries
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(il) Organization Efforts (OE)

Through policies, procedures, and mvestments in the development of eco-friendly practices and
products, organizations can promote sco-innovation and reduce their environmental impact by
gving sustainability and environmental stewardship a high priorty. Table 3, describe the
questions that were asked durmmg the survey.

ﬂrgmzai:lﬂnﬂl Efforts

Table 6. Qurries for ranking organization efforts (OEI1-OE7) in industries

OE1: Investment in environmental traming and emplovee development.

OE2: Efforts m ensurimg employees’ environmental awareness.

OE3: Efforts to assess the role of emplovees in improving environmental

performance.

OE4: Reward (1e. promotion and salary increase) to emplovess for

environmental improvement.

(£ damage.
OE6: Efforts to elimiunate the release of any substances that cause
environmental damage.
OE7: Efforts to dispose of physical waste through environmentally safe
methods

Findings:

s QOE1: 48% respondents said that investment m emplovee tramning s at large extent.

o ODE2: About 42% respondents believe that there is effective mechanism for ensuring
employee awareness and trammg. 23% remained neuvtral i response.

o (E3: About 33% believe that organizations assess ther emplovee contribution to
improving environmental performance at a large extent. About 3% responded that
organizations made no efforts to access emplovee contributions.

o  (FE4: Many respondents (44%) said that there 15 large mechanism for ensuring employvee
awareness and traning.

s  OES5: About 44% of respondents think that efforts made by organizations to eliminate the
use of products that cause environmental damages are good, while 15% believe that
organizations put moderate efforts.

o  QOE6: Majortty of mndustries (51%) think that efforts made by organizations to reduce
emissions/substances that cause environmental Damage is good, and 15% believe that
organizations put moderate efforts.

o  OE7: Most respondents (about 58%) believe that organizations' efforts to dispose of the

waste in an environmentally safe manner are to a great extent. While only 4% think that
organization put no efforts.
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Fig 6. Status of organization efforts (OE1-OE7) in industries
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Safe Disposal of Physical Waste (OE7)
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(iii) Organizational Collaberation (OC)

Orgamizational Collaboration (OC) includes partnerships between companies in the same
industry to share resources and expertise and collaborations with research institutions. Table 7
briefly describes the questions related to organizational collaboration.

Table 7. Quarries for ranking Organizational Collaboration (OCI-0C3) in industries.

OC1: Enowledge' mnformation’ expertise related to environmental issues
acquired through collaboration and networking (among groups, firms, suppliers,
partners, and associations).

0C2: Collaboration and networking to make joint decisions on environmental
155185
OC3: Collaboration and networking to share best environmental practices

Findings

s  OC1: 43% respondents believe that they have a high level of partnership and networking
to acquire knowledge and expertise on environmental i1ssues. While 10 % responded that
there 1s no existence of collaboration and networking.

s OC2: 42% responded that they have a higher level of collaboration and networking
between industries to make joint decisions regarding environmental 1ssues. Whereas 18%
responded that they have a moderate level of collaboration and networking.

s OC3: 41% think that i industries, sharing information about best environmentally
sustamable mitiatives is at large extent.
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Fig 7. Starus of erganizational collaboration (OCI-0C3) in industries
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(iv) Environmental Management System (EMS)

An Environmental Management System (EMS) provides a framework for organizations to
identify and manage ther environmental impacts systematically An EMS can also help
orgamzations monitor and measure their environmental performance, providing valuable data
that can be used to identifyv areas where eco-mmnovation 1s needed. Table 9 briefly describes the
questions related to EMS.

Table 9. Quarries for ranking Environmental Management System (EMSI1-EMS4) in industries.

| EMS]: Organization's efforts to routinely update is environmental
mformation

- EMS2: Environmental information management system to store

vstem environmental information

EMS3: Easiness to access the environmental information management

Fysiem:

EMS4: Shanng of environmental information between management levels

111 an orgamzation
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Findings:

EMS1: About 30% responded that the EMS system existed at a higher level.

EMS2: About 36% believe that organizations contimuously update their environmental
information at a high level About 6% responded as neutral while answering this

question.

o  EMS3: 36% responded that access to environmental information management (MIS) 1

slightly easy to access environmental information 1 the industry.

o  EMS4: 41% think the flow of environmental mformation between the managers within

the industry 15 satisfactory (good) qualsty.

Fig 8. Sratus of environmental management system (EMS1-EMS4) in industries
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{v) Customer’s Pressure

With the mcreasing demand for sustamnable products, industries may be motivated to mvest in
research and development to create new eco-friendly products and services. It can lead to the
development of new technologies and manufacturing processes that are more sustainable. The
guestions regarding customer pressure are grven in table 10,

Table 10. Quarries for ranking customer pressure (CPI1-CP4) in industries.

CP1: Customers’ awareness towards environmentally friendly products.
CP2: Customer pressure to generate environmental benefits

m Pressure CP3: Customers' requirement to fulfill their environmental

regulations/standards (for example. ISO14001, REACH, RoHS, cherieal
labeling, and others).

CP4: Influence of Customers' environmental regulations on a firm's
environmental and business decision-making

Findings:

CP1: About 58% responded that customers’ awareness towards environmentally friendly
products 1s at shghtly high level However, 12% of respondents rate the customers’'
attention about sustainable products m the organizations tn the range of low to shightly
low,

o (P2: Manyv responded (39%) with a view of high stemming from customers. However,
20% responded customers' pressure as a driving force for the mdustry to generate
environmental benefits 13 moderate.

o (P2 About 41% have the opinion customer requirement to comply with their
environmental regulations and procedures iz, to a slightly high extent.

s (P4 54%think customers' environmental regulations greatly mfluence mdustry decision-
making, whereas 11% responded that customers' influence on decision-making 1s small

Fig 10. Status of customer’s pressure (CPI-CP4) in industries
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{vi) Cost barrier

Cost can be a barrier to eco-innovation, as implementing sustainable practices and developing
new eco-friendly products and services can be costly. The cost of research and development, as
well as the cost of new equipment and technology, can be a significant barrier to eco-mnovation

Table 11 shows the quarries related to the cost barnier.

Table 11. Quarries for ranking customer barvier (CB1-CB3) in industries.

CB1: High cost 15 a barnier to executing environmental projects/activities

J/inmovations.

Cost Barrier (CB) | CB2: No financing source is a barrier to executing environmental

projects/activities/ immnovations.

CB3: Slowness in creating funds 15 a barrier to mitiating environmental

projects/activities/ innovations.

Findings:

» (Bl About 30% respondents believe that high cost 15 a barrier for industries to introduce

mnovations. While 3% thought the financing source was not a barrier.

s (B2 34% responded that the cost to execute environmental projects is an extremely high

barrier.

o (B3 33% have sumilar opiuons that it 15 a moderate barrier. Whereas 2% responded

think it is a not a barrier.
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Fig 11. Status of cost barrier (CBI-CB3) in industries

High cost is a barrier (CE1)

® Extermeh; high
barmier

# High bamier

# Moderate

& Low barmmer

& Not 2 barnier

Ne financing source is a barrier to
executing emvirenmenital profects
{CB2)

& Extermely high
barrier

= High bammier

® Moderate

» Low bamer

& MNot 2 barner

Slowness in Setting up is a barrier to
execute environmental projects
(CB3)

s Extermely high
barnar

& High barrier

u Moderate

& Lowr barmer

& Mot a barmer

USPCAS-W
Mehran University

af Enginesiing 4 Taehnaiogy
st Pabason




IDENTIFICATION OF ECO-INNOVATION OPTION

The chemical & pharmaceutical sector is one of the drverse sectors in Pakistan The identified
eco-mnovation options for the chemical & pharmaceutical sector are given in table 12, as the
visits and focus group meeting are planned i the upcoming month

Table 12. Eco-Innovation Oprtions for the Chemical & Pharmaceutical Sector

Eco-Innovation options Description

Environmental Issues: Water/Air
Microwave-assisted synthesis of pharmaceuticals.
® Nop heat 15 lost to the surroundings:
* In a mucrowave, superheating boosts a solvent’s boiling point by up
to 3°C because the surface cooling of the microwave causes the
center to be 3°C hotter than the outside.

Microwave-assisted * Both the substance and the reaction experience uniform heating.
technology ~methods of o Desirable chemical and physical effects are produced due to the
manufacturi.ng quenching of undesired side reactions.

pharmaceuticals * Electromagnetic waves generate heat.

[6]

* No air emissions.

® No creation of waste or use of water as a coolant.

o Specific components can be heated separately in a microwave,
mereasing efficiency, and lowering operating costs.

» High reaction speeds produce effective results.
Limtted space is required.

* No physical contact with and purity in the product 1s achieved.

Environmental Issues: Technological Advancement
* Instead of a single punch its shifis to a triple punch for a more
compact and compressed tablet form.
o With triple punch processes became faster and more efficient.
Tablet manufacturing by e Tableting. oscillation. blender units. and sifter units reduce
process modification production time by 70%and time from 70 hours to 50 hours.
[7] * Energy consumption per batch might be cut by 73.2%. from 3600
kWh to 1499 kWh
o Instead of 3833 kg CO:2 eq per batch, 1032 kg CO: eq. of emissions
were anticipated.




o A shghtly less amount of chemicals (for example, sweeteners) is

Less wuse of chemicals added instead of the full amount given in a recipe. It must be carried
instead of the full amount. out carefully without compromising the taste and quality of the
Source: Discussion with an product. A considerable amount of chemicals can be saved annually,
expert resulting in significant financial savings.

Chemical Industries

Environmental Issues;: Energy

*  Two-stage, dry flue gas treatment system. an existing boitler, and a
private combustion system.

* High swirl sub-stoichiometric combustion chambers make up the

combustor.
Low air emissions from e 03 seconds of residence time and a temperature of 1200 °C are
industrial waste guaranteed with the addition of secondary air
[8] o Low NOgyx, CO, and dioxin production rates.

» Hecirculation of flue gas to reduce tts temperature by 1100-1150 °C

* Lime powder and steam are applied to eliminate HCI after heat
recovery.

o Using bag filters. flue-gas 15 cleansed.

* No detectable levels of phosgene BTEX-aromatics about 50 % of
the targeted energy savings.

Chemical leasing [9]. ® Services are outsourced mnstead of using chemicals (for example, in

Minutes of meeting. Focus washmg, chemicals are used). Instead of using chemicals, the
group meeting, Food sector, process 1s outsourced to a chemical supplier. The chemical supplier
[10] then optimizes the wusage of chemicals to mcrease profit.

Consequently, the consumption of chemicals 15 reduced. and so 1s
the environmental burden Economically, both the company and the
chemical supplier get mutual benefits:
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Conclusion

In conclusion. the survey analvsis suggests that industries in Pakistan have made sipnificant
progress towards cleaner processes and pollution control eco-innovation, with over 60%
adopting such practices. However, the adoption of green energy technologies remains low, with
only 18% of industries using t. On the other hand, product eco-innovation has been widely
adopted. with over 30% of mdustries responding posttrvely. The responses snggest that
mndustries mn Pakistan are becoming more environmentally conscious and committed, although
more work s required to fully transition to green energy technelogies. Additionally, export-
oriented mdustries, such as chemical and pharmaceuticals, have implemented formal
environmental management systems to meet the demands of thewr customers: However, the
majortty of mndustries in Pakistan have a neutral attitude towards environmental regulation, and
the high cost of eco-innovation choices poses a significant obstacle. Furthermore, the lack of
collaboration between different organizations and research mstitutions hampers the feasibility of
eco-innovation. Therefore, mncreased collaboration and coordination among different
stakeholders are necessary to promote sustamable development practices in Pakistan's mdustries.
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(2) To develop new eco-innovation options.
(3) To develop a plan for the management of underlying factors creating challenges in the
adoption of eco-innovation strategies.
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