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Summary of findings

Feasible eco-imnovanon opnons are idennfied and lisred in this report.

It is observed from the survey data that most of the industries adopted process technology eco-innovation,
especially deaning rechnologies for pollution reduction.

More than B0% of the CEspH smded industries said Iln,':l.' sl LRL wed their ]‘lrrullu'ri4 M Process o reduce
pollution and etfectively unilize resources.

Above 70% of industries mtroduced green energy options, such as solar power plants.

More than 65% ol industres have responded positively o product emissions and energy efficiency
(uesnons,

More than 65% of industries responded that they had adopted organization eco-innovations within their

industries.
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Infroduction

The steel industry 1s essential for economic growth and development 1n many nations, including
Pakistan, as 1t provides raw materials to a number of industries, mcluding transportation,
machmery, energy, and home appliances. It also creates jobs and generates mcome for the
government through taxes and exports. The full value chain of the sector includes pig won
furnaces and end-user industries. Despite this, Pakistan's steel sector 15 mostly made up of tiny
facilities that use antiquated technology, which results in low productivity and efficiency when
compared to nations that export steel. In addition. using outdated technology leads to excessive
manufacturing costs, subpar output, and inconsistent output standards. To increase productivity
and competitiveness_ the sector must thus modernize and mmprove its technologies.

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

Major clusters of steel indusiry

Thera are about 2718 steel mdustries m Pakistan deals with various steel products. The below
table 1 provide total number of won & steel industries 1n Pakistan Most of the Pakistan’s steel
industries (2336 umts) are located in Punjab province, while there are 1792 steel mdustries in
Sindh province. Most of the steel industries in Pakistan are manufacturing basic wron and steel
products.

Table 1. Provincial Breakdown of Steel Industries in Pakistan

Punjab Sindh KPK  Baluchistan  Islamabad Total
454 109 40 30 29 662
2 13 1 0 2 108
168 4 0 0 1 173

1.642 53 60 6 14 1.775

2356 179 101 36 46 2,718

Source: (Pakistan Bureau of Statistics, 2016)

Furthermore, steel sector of Pakistan (consisting of top 20 plavers) makes up 80% of the total
market [1]. Pakistan Steel Mills 15 the largest steel producer in the country, and #t plavs a
significant role i the mdustry. Other major plavers include Amreli Agha Mughal Frontier
Foundry Steel Razzague, Bilal, and Aitmad Steels. These companies are involved in various
aspects of the steel production process, mclhuding won and steel making. melting_ re-rolling, and
fabricating. The GPS Location of major steel industries in Pakistan are shown in fig 1.
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Fig 1. GIS Location Map of Steel Industries Pakistan

Approach and method

A thorough industrial survey was conductad to determine the present state of the Eco-innovation
approach, comprehension, and adaptation in the current textile sector. A total of 150 industries
were contacted, and 13 industries responded. Among them 5 were from large scale, 7 from
medium scale, and 1 from small-seale industries.

A mixed data collection method was employed:
o Interviews with industries managers. environmental representatives, and owners (fig 2.3)
s Focused group meetings (FIG:M) and
¢  Questionnaire survey (both online and in-person).
*  The assessment framework comprises three main elements [2] on which the questionnatire
survey was designed. These key elements are grven below,
..  Eco-Innovation related to process technology (EP)
ii. Eco-Innovation related to Product (EPR)
iit.  Eco-Innovation related to Organization (EQ)
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Fig 2. Interview with Agha Steel Industry Fig 3. Interview with Amreli Steel Industry

Research Findings

1. State of Eco-Innovation
(1) Process technology innovation (EP)

New addition'modification in the process for environmental damage minimization Six questions

were asked, labelled as EP1. EP2. EP3. EP4. EP3. and EP6 (Table 2).

Table 2: Quarries for ranking the process technology innovarion (EP).
EP3: Final dizsposal of recycling waste equipment

EP4: Instruments used in the industry to monitor solid, liquid, and

EP5: Technology for reducing noise and vibration.

EP6: Energy-based strategies for renewal (solar or wind energy)

Findings

o [t is observed from the survey data that most of the steel industries have adopted process
technology eco-innovation, especially cleaning technologies for pollution reduction.

* More than 80% of the responded industries said they had improved thewr production
process to reduce pollution and effectively utilize resources.

o  Moreover, above 70% of mdustries introduced green energy options, such as solar power
plants.
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Fig 4. State of Process technology innovation (EPI1-EP6) in industries
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{i1) Product technology innovation

Any modification/improvement in the product design For environmental unpact reduction
during the lifecyele of the product. There were three questions EPR1. EPR2, and EPR3 (Table 3).

Table 3. Quarries for ranking the product technology innovation (EPR).
“.-3 r'ﬂ';-r-'i-c. _:----:-~I i j - i; E.r ;ﬁ -_.-:5:’

EPR3A: Greater energy efficiency in goods and services

Findings:

& Steel industries’ product quality, emission levels, and energy consumption widely depend
on the raw material and production process.

® The survey results (fig 5) show that more than 63% of industries have responded
positively to product emissions and energy efficiency questions.

Fig 5. State of product eco-innovation (EPRI-EPRZ3) in industries
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(iii) Organizational Eco-innovation

Organizational management system and coordmnation. Three gquestions were asked (1e, EOL,
EQ2 & EO3). The description of questions is given in table 4.

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

EO2: System for structured environmental management and monitoring
(ISO 14001. EMAS, etc) ' '
EO03: Chamn management

Findings:

¢ According to thewr mndustries, orgamizational innovation i1z essential to improving
environmental performance.

* Environmental management and pollution prevention systems let industries combine all
their efforts, assets, and skills to address environmental 1ssues.

* More than 63% of industries responded that they had adopted organization eco-
mnovations within their industries.
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Fig 6. State of organizational eco-innovation (EQI1-EQ03) in industries
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2. Drivers of Eco-Innovation

The survey investigated the elements that mfluence eco-mnnovation and found both mternal and
external ones. These forces mclude the availability of resources, technological aptitude. ethical
responsibility, buver pressure, nternational standards. and local laws. The study covered six

aspects of the factors that drive eco-innovation.
(i) Environmental regulation

Byv 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-mnnovation. The survey mcluded numerous aspects of
environmental legislation as a catalyst for eco-innovation (Table 3).

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

Em:_LEE-‘El of monitoring by the regulatory authority through audits and
reporting

ER4: Environmental benefits in response to existing environmental
regulations or taxes on polhtion

ERS: Environmental benefits in response to the environmental laws or taxes to
be imposed in the future

ERG: Availability of government gramts, subsidies, or other financial
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Findings:

o FERI: About 23% responded think that environmental regulations are relaxed. 23%
remain neutral The reason of bemng neutral 15, perhaps, reluctance due to “unknown’ fear
from monitoring authority and 31% of them expressed that the environmental regulations
are slightly stringent.

o  ER2: Majority of industries (31%) think that implementation of environmental regulations 15
shightly ngorous.

o  ER3: About 38% industries responded that level of momtoring by the regulatory authority
through audits and reporting 1s high

o  ERd4: 46% of respondents think that organizations do mnovation 1n response to
environmental regulation and taxes are to a very large extent.

»  ER5: About 30% believe that industries generate mnovation to a large extent mn response
to environmental regulation expected to be introduced mn the fiture. While 32%
responded that the industry does innovation to a moderate extent.

» ER6: In response to the availability of government grants or any other financial
mcentives provided around 8% of respondents believe that mdustry mtroduces no
innovation. However, 33% of respondents have an opinion to a large extent.

Fig 7. Staus of environmental regulations (ER1-ERG) in industries
Stringency of Environmental Implementation af the environmenital
Regulation (ER1) regulations (ER2
® Extermelr stringent ® Extermely ngorous

m Slightly stringent ® Slightly nperous

# Heutral » Neutrz]
Slighitye Jax Slightly lax
® Very lax
® VeryLax
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{ii) Organization Efforts

Through polictes, procedures, and investments in the development of eco-friendly practizes and
products, organisations can promote eco-mnnovation and reduce thewr environmental impact by
giving sustamability and environmental stewardship a high priority. Table 6, describes the
questions that were asked during the survey.

Table 6.Qurries for ranking organization efforts (OE1-OE7) in industries

e

= Rl =T T A e, T =L e
TiETT St ST 111

OE3: Efforts to assess the role of employees in improving environmental
performance.
OE4: Reward (ie, promotion and salary increase) to employees for
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environmental improvement.

OES5: Efforts to eliminate the use of products that cause environmental
damag&

OEG6: Efforts to eliminate the release of any substances that cause
mvnunmenmidamge_

OE7: Efforts to dispose of physical waste through environmentally safe
methods

Findings:

s OE1: 50% respondents said that investment m emplovee tramning s at large extent.

o ODE2: About 32% respondents believe that there 15 shghtly effective mechamsm for
ensuring employvee awareness and tramming. 23% remained neutral in response.

» (E3: About 52% believe that organizations assess thewr emplovee contribution to
improving environmental performance at an extremely large extent. Only 2% responded
that organizations made no efforts to access employee contributions.

»  (FE4: Many respondents {53%) said that there 15 large mechanism for ensuring emplovee
awareness and training.

s  OE5: About 79% of respondents think that efforts made by organizations to eliminate the
use of products that cause environmental damages are good while 8% beleve that
organizations put small efforts.

o  QOE6: Majortty of mndustries (72%) think that efforts made by organizations to reduce
emissions'substances that cause environmental Damage 1s slightly good, and 9% believe
that organizations put moderate efforts.

o QOE7: Most respondents (about 72%) believe that organizations’ efforts to dispose of the
waste in an environmentally safe manner are to a high extent. While only 2% think that
organization put no efforts.

Fig 8. Status of organization efforts (OE1-OE7) in industries

Investment in Training of Emplovee g iy Ereatommntil

I .:.
(OE1) Awareness (OE2
® Extermely Large W Very effective
extent
@ L arge extent = Slightly effective
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ineffective
m Mot at all ® Very meffoctne
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(iii) Organizational Collaboration (OC)

Organizational Collaboration (OC) mncludes partnerships between companies m the same
industry to share resources and expertise and collaborations with research mnstitutions. Table 7
briefly describe the questions related to organizational collaboration.

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

=

- - e T T o R TR I o e
OCI: En . g = 7 -
R ¢ = B i S - - Frim s B ot e e et e
s 7 e G B e o iy e e i R L o, e D e A et e e =
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OC3: Collaboration and networking to share best environmental practices

Findings

s  OC1: 52% respondents believe that they have a high level of partnership and networking
to acquire knowledge and expertise on environmental 1ssues. While only 2% responded
that there is no existence of collaboration and networking.

s  OC2: 60% responded that they have a higher level of collaboration and networking
between mdustries to make joint decisions regarding environmental 1ssues. Whereas 23%
responded that they have a small level of collaboration and networking.

s  OC3: 453% think that in mndustries, sharing information about best environmentally
sustamable mitiatives 1s at large extent.

Fig 9. Status of organizational collaboration (OCI-0OC3) in industries

Joint decisions on environmental -{ﬂf"f decisions on environmental

issues (0C2) issues (OC2)
= e ®m Extenzive
® Large existent e it
i -

) existent

» Small existent P —
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{iv) Environmental Management System (EMS)

An Environmental Management System (EMS) provides a framework for organizations to
identify and manage thetr environmental impacts svstematically. An EMS can also help
orgamzations monitor and measure thew environmental performance, providing valuable data

that can be used to identify areas where eco-innovation 1s needed. Table & briefly describe the
questions related EMS.

Table 8. Quarries for ranking Environmental Management System (EMS1-EMS4) in
industries.

EM‘SE Em‘:mﬂmemal information management system to store
EMS3: Easiness to access the emvironmental information management
system:

Findings:

EMS1: About 60% responded that the EMS svstem existed at a higher level.

o  EMS2: About 43% believe that organizations continuously update their enviwonmental
information at a high level. About 13% responded as neutral while answering this
question.

o  EMS3: 33% responded that access to environmental mformation management (MIS) 15
moderate easy to access environmental information m the mdustry.

s EMS4: 39% think the flow of environmental mformation between the managers within
the industry 1s satisfactory (good to excellent) quality.
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Fig 10. Starus of environmental management system (EMS1-EMS4) in industries
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1) Customer's Pressure

With the increasing demand for sustainable products, industries may be motivated to mnvest 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 sustamnable. The
questions regarding customer pressure are given in table 9.

Table 9. Quarries for ranking customer pressure (CPI1-CP4) in industries.
m Cus "-'..:-:...':."-':.E':'.'.=:-' 5

P2 Mmmmwmhm&m
CP3: Customers' requirement to fulfill ther environmental
rc-gulztmns.fstanﬂarﬂs (for example, IS0O14001, REACH, RoHS, chemical
labeling. and others).

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

¢ CPI: About 45% responded that customers’ awareness towards environmentally friendly
products 1s at shghtly high level However, 13% of respondents rate the customers’'
attention about sustainable products m the organizations tn the range of low to shightly
low,

o (P2 Many responded (46%) with a view of high stemming from customers. However.
13% responded customers' pressure as a driving force for the industry to generate
environmental benefits 13 moderate.

o (P2 About 60% have the opinion customer requirement to comply with their
environmental regulations and procedures 15, to a high extent.

s (P4 45% think customers’ environmental regulations influence industry decision-
making at a high extent, whereas 15% responded that customers' influence on decision-
making 15 small.

Fig 11. Status of customer’s pressure (CPI1-CP4) in industries

Customers' awareness towards Customer pressure to generate
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& Very high m Very sirong
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fvi) Cost barrier

Cost can be a barrier to eco-innovation, as inplementing 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-innovation.
Table 10 shows the quarries related to cost barrier

Table 10. Quarries for ranking customer barrier (CB1-CB3) in industries.

i%%mﬂ’mm ﬁmmm& projects/activities
/innovations. -
CB2: Nnﬁmmgmmamahmwmmmmgmm
projects/activities/ innovations.

CB3: Slowness in c:reatmgﬁmds 13 a barrier to initiating environmental
projects/activities/ innovations.

Findings:

o CBI: About 67% respondents believe that high cost 1s a barrier for industries to introduce
mnnovations. While only 2% thought the financing source was not a barrier.

s  (CB2: 79% responded that the high cost to execute environmental projects 18 higshto a
high barrier.

¢ (B3 67% have similar opinions that 1t 1s a high barrier. Whereas 2% responded think 1t

15 4 not a barrier.

Fig 12. Status af cost barvier (CB1-CB23) in industries

High cost is a barrier (CBI) .-"'-bﬁm'mcfng iy isa ‘E'E”'_fﬁ to
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Slowness in Setiing up is a barrier (o
execute environmental projects (CB3)

IDENTIFICATION OF ECO-INNOVATION OPTION

The steel sector & engaged in Pakistan to fulfil local needs and export. The steel sector's
environmental 1ssues are mostly energy-related and ar emissions. The water 1s used in the steel
sector primarily for cooling purposes during casting and re-rolling. The study project team came
up with a list of emvironmental policies that have been established by various industries around
the world. During the m-person or online discussions with the experts. the identified
environmental measures were closely exammed while considering the local circumstances for
the steel sector. The identified eco-innovation options were concentrated on mdustrial activities,
including best management practices for resource consumption reduction recvching/reuse,
resource conservation, and mmumization of pollutant emissions (zero discharge, etc.). which
necessitates a thorough cost-benefit analysis, including payback periods.

Table 11: Eco-Innavation Options for Steel Sector
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Recovery of Zinc and Iron Metal Recovery from SMD Processes
from Steel dust technologies Physical Processes
[3 = These processes mclude mechanical separation, hydro-cyclone
dezincification. amlﬂmgneuc separation.
Used to separate zinc particles of different sizes, ranging from high to low
Mostly fine particles of zinc are separated from steel mall dust.
Centrifugal force or gravitational force 15 used to separate zinc particles of
different sizes.
# Coarser particles are used again in the steel-making process, and Fine
particles are further processed for zinc recovery.
» Magnetic dust can be utilized as a raw material for manufacturing iron after
magnetic separation
Low-cost ZINC recovery process.
It 15 a pretreatment method of the hydrometalluraical process.

Hydrometallurgical Process
e This process separated zinc particles of different sizes_ ranging from
moderate to high.
The acid leaching method 15 used to recover zinc.
s Hydrochloric acid and sulfuric acid are used in the acid-leaching process.
e This process has higher efficiency 1 zinc recovery.

. Ophnﬁmtkmnfmermaga . steel industry, especially for cooling purposes such as

» Water recovery and cooling the furnace or the continuous caster.
utilization # It 1s also used to clean flue gases 1n blast furnaces and for descaling m hot
[4] rolling mills.

« TWater can be recycled to produce steam.

. mm - '-twcs tvpes of solid waste are genexra Si;lg Steel Dust
‘H&Einmnﬂahlﬁwchnr Which can be further used for resource recovery and other applications.
construction material.

5]

o Carbon g {:‘@tnf pture — “The off gas from the furnace contains COy. Sulfur dioxide. hydrogen sulfide.
Storage, oxides of Nitrogen, Particulates matter, plus traces of Volatile Organic

¢ Carbon Capture and Usage Compounds (VOC), dioxans, and furans.

6] s These compounds are toxic and generate arr pollution alone orim

conjunction with other emussions.
» Therefore, carbon capture and storage or carbon capture and usage practices
need to be adapted in the steel industries.
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Conclusion

The steel mndustry m Pakistan has adopted eco-innovation and i1z working towards environmental
sustainability. However, the lack of a formal environmental management system needs to be addressed to
expand s export potential The focus iz on Process Technology and Product eco-tnnovations, but the
traditional production process used by most steel industries in Paksstan is still an 1ssue. Taking
environmental initiatives requires a high mitial caprtal cost. which poses a challenge for small-scale
producers. Most steel industries in Pakistan have a neutral opinion on environmental regulation and view
environmental activities as a means to fulfill buver requirements. The high cost of eco-innovation options
poses a significant barrier, and there 15 a lack of collaboration between mdrnvidual orgamizations and
research institutes. As a result. there is a lack of research and development activities and a lack of wiability

for eco-innovation in the country.
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The proposed research aims to develop a policy framewaork for adapting the eco-innovation approach.
The objectives of the research are:
(1) To examine existing environmental measures in major industrial sectors.
(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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