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Feasible eco-innovation options are identfied and listed in this report.
A large segment of food units s engaged in organizational eco-mnnovanon and process technology, and most
innovatons are adopted rather than creared.

Lack of R&D acovines relared o teasihility tor eco-mnovanon due to absence of collaboranion berween orga-

nizations and research instrares.

In Pakistan there is all kinds of food industnes such as small, medium, and birge-scale industnies with sub-sec-
tors of food.

A large fraction of food industries in Pakistan arc unconcerned with environmental regulations, even though
they engage in environmental operations to satisfy customer demands.

High cost of cco-innovation choices 15 & signihcant hurdle for industres.
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Food Sector of Pakistan has come a long wav to grab a significant position in the global market,
as the rapid growth of population; demand for processed food and beverages has rizen all over the
world. After the textile sector, the food sector 1s the second largest sector of the country, it has been
icreasing the share of manufacturing sector m the national GDP since last two decades. The
Ministry of National Food Security and Research in Pakistan notes that the food processing
ndustry 15 a significant sector in the country's economy, employving over 16% of the total
workforce and contributing to the country's food securtty and exports. The food sector accounting
for 27% of the countryv's value-added production [1]. According to the Economic Survey of
Pakistan 2020-21. the food. beverages industry accounts for 184% of the Large-S5cale
Manufacturing (LSM) sector m Pakistan, which 15 a significant contributor to the production of
value-added products in the country.

The food industrial sector 1s an important part of Pakistan's economy, contributing significantly to
emplovment, exports. and value addition This sector 1s diversified, with four major mdustries:
frozen food, value addition, beverages, bakery, and sugar confectionery.

There are about 2,500 food mdustrial and processing units in Pakistan besides, there are countless
small food industries located in rural areas. Majority of food industries are targeting the national
market to meet the domestic demands and only a small number of mdustries mvolved in the export

[2]

The majority of Pakistan's food industry 1= sttuated m Punjab (60%) and Sindh (30%). However,
KPK holds 6%, while Baluchistan and Islamabad (federal capital) both have 2% of food mdustries
{Figure 1).
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Figure 1 GIS Location Map of Food Industries in Pakistan
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The food mdustry consumes high amounts of water, energy consumption and use of chemicals and
other materials which also generate wastewater and waste which have significantly contributed to
the rise in environmental problems. The food industry's primary environmental impact can be seen
i the enormous waste loads released afterward. High water and chemical use, energy use, air
pollution, solid waste generation. and odor production are crucial factors.

Innovation 15 essential for the textile sector and other sectors of the economy. Present-day and
long-term mnovation are now considered as primarily driven by sustamability,

Approach and method

A comprehensive mdustnial survey was conducted to establish the current status of the Eco-
innovation approach, understanding, and adaptation i the existing food sector A mixed data
collection method was emploved:

*  [nuterviews with industries managers, environmental representatives, and owners

¢ Focused group meetings (FGWY) and

*  Questionnaire survey (both online and in-person)

®* The assessment framework comprises three main elements [3] on which the questionnaire

survey was designed. These key elements are given below.

.  Eco-Innovation related to process technology (EP)
ii. Eco-Innovation related to Product (EPR)
iti.  Eco-Innovation related to Organization (EQ)
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Research Findings

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

New addition'modification i the process for environmental damage minimization Six questions
were asked. labelled as EP1. EP2. EP3. EP4. EP3. and EP6 (Table 1).

Table 1: Quarries for ranking the process technology innovation (EP)

Findings:

* More than 70% of the respondents’ respective industries reported using cleaning technology,
better business practices,. and waste management technologies.
41% of industries reacted favourably to noise and vibration control technologies.
56% of industries said they are still largely dependent on non-green energy technologies.
A few businesses used green energy sources made of steam and methane from thewr trash or
byv-products.

o 449% of mdustries have shified to using green energy technology as their primary energy
source.

¢ According to mterviews. adopting these technologies is preferable because #t 1= more
affordable and readily available.

4|Page
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{11) Product technology innovation

Any modification/improvement in the product design For environmental impact reduction during
the lifecyele of the product. There were three questions EPR1, EPR2, and EPR3 (Table 2).

Table 2. Quarries for ranking the product technology innovation (EPER).

Pm:iuct Mcﬁuaiagy eco-
EPRS:- Gieas corvay hheiney i oot sl s s
Findings:

¢ According to data, a company's B&D budget 1s primarily spent on product eco-innovation
rather than process or organizational eco-mnovation
67% of industries mtroduced energv-lower-emission products.

o  While 70% mtroduced energy-efficient products
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Fig 4. State of product technology eco-innovation (EPRI-EPR3) in indusiries
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(iii) Organizational eco-innovation

Organizational management system and coordination. Three questions were asked (1., EO1, EO2
& EQ3). The description of questions 15 given in table 3.

Table 3. Quﬂrnes for ranking the product technology innovation (EO)
EO1: Avoud wmm—m&xcmg ﬁmgnmem magms_

thlﬂnalm—
=i mﬁmmmg (ISO 14001, Eln.mg etm)

EO3: Cham management

Findings:

According to thewr mdustries. orgamzational mnovation 13 essential to improving
environmental performance.

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

According to the findings. 70% of busmesses implemented pollution prevention plans.

In addition to formal environmental management systems and pollution prevention/'reduction
plans, businesses are serwously pursuing chain management to decrease their carbon footprint
further.

36% of the sectors have implemented formal environmental management systems, pollution
prevention/reduction mitiatives, and company collaboration.
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Fig 5. State of Organizational innovation (EQ1-E03) in industries
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2. Drivers of Eco-lnnovation

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

(i) Environmental regulation (ER)

By establishing criteria and objectives for decreasing environmental impact and meotivating
businesses to create nmew technologies and methods to achieve those goals. environmental
regulation can operate as a catalyst for eco-imnovation. The survey mcluded numerous aspects of
environmental legislation as a catalyst for eco-mmnovation (Table 4).

Table 4. Quarries for ranking environmental regulations in industries (ERI1-ER6)

7|Page
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Findings

ERI: About %37 responded think that environmental regulations are slightly stringent,
while 30% remain neutral The reason of being neutral is, perhaps. reluctance due to
unknown® fear from monttoring authority and 7% of them expressed that the
environmental regulations are extremely stringent.

s  ER2: Majority of mdustries (33%) think that implementation of environmental regulations
1z moderate rigorous.

¢  FER2: About 48% industries responded that level of monitoring by the regulatory authority
through audits and reporting 1s verv high

o FER4: 39% of respondents think that organizations do mnovation in response to
environmental regulation and taxes are to a large extent.

o  ER5: About 52% believe that tndustries generate mnnovation to a high extent in response
to environmental regulation expected to be mtroduced 1n the future. While 22% responded
that the industry does innovation to a small extent.

* FER6: In response to the availability of government grants or any other financial incentives
provided around 38% of respondents believe that industry mntroduces innovations at a large
extent. However, 21% of respondents have an opinion to moderate extent.

Fig 6. Staus of environmental regulations (ERI-ER6) in industries
Stringency of Environmental Regulation Implementation of the environmental
(ERI) regulations (ER2)}

® Extermely stringzent

= Slightly- moderate

stringent TIZOT0us
= Neutral w = Neutral
Slightly- moderste lax Shzhtly -moderate
’ lax
® Very lax mVery Lax
Plant inspection and environmental report Existing Environmental Regulation and
mointoring (ER3) faxes (ER4)
W Extermely Large
® Very high extent
o Large-very large
® High-shightly high extent
& Moderate B Moderatz extent
Poor- shightly poor " Smali- very small
extent
ey Pk m Not at all
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Environment regulations and taxes (Expected Availability of financial incentives (ER6)
in future) (ER3)
= Extermely Large Extermelv Large
extent g
& Large-very large n Large-very large
extent extent
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(ii) Organization Efforts

Through policies. procedures, and investments in the development of eco-friendly practices and
products. organizations can promote eco-innovation and reduce thewr environmental impact by
giving sustamability and environmental stewardship a high priority. Table 5, describe the questions
that were asked during the survey.

Table 5. Quarries for ranking organization efforts (OEI1-OE7) in industries

Findings

o  (E]: 36% respondents said that investment in emplovee training 1s at large extent.

» (E2: 18% remamed neutral in response. While (about 52%) respondents believe that there
15 effective mechanism for ensuring emplovee awareness and traming.

o QE3: About 63% believe that organizations assess ther employee contribution to
mmproving environmental performance at a large extent. About 11% responded that
organizations made no efforts to access emplovee contributions.

g|Page
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s OE4: Many respondents (32%) said that there 15 a large mechamism for ensuring
environmental improvements.
e  OFE5: About 67% of respondents think that efforts made by organizations to eliminate the
use of products that cause environmemntal damage are good, while 11% believe that
organizations put moderate efforts.
¢  QE6: Majority of mndustries (36%) think that efforts made by organizations to reduce
emissions/substances that cause environmental Damage 1z good, while 13% believe that
organizations put poor efforts.
o  ODE7: Most respondents (about 47%) believe that orgamzations’ efforts to dispose of the
waste m an environmentally safe manner are to a high extent. While only 3% think that the
organization put no efforts.

Fig 7. Status of organization efforts (OEI-OE7) in industries
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extent
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® Extermealy Large
extent

u Large-very large
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Reward to Emplovees for Environmeental

Improvement (OE4)
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HMotatall
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{ii1) Organizational Collaboration (OC)

Organizational Collaboration (OC) mcludes partnerships between companies in the same mdustry
to share resources and expertise and collaborations with research institutions. Table 6, briefly
describe the questions related to organizational collaboration.

Table 6. Quarries for ranking Organizational Collaboration (OCI1-0C3} in industries.

11| Page
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Findings

»  (C1: 48% respondents believe that they have a high level of partnership and networking
to acquire knowledge and expertise on environmental 1ssues. While 7% responded that

there 15 no existence of collaboration and networking.

o  (C2: 48% responded that they have a higher level of collaboration and networking
between mdustries to make joint decisions regarding environmental 1ssues. While 44%

responded that they have a smaller level of collaboration and networking.

e  (C3: 41% think that in mdustries, sharing information about best environmentally

sustainable mitiatives is at high extent.

Fig 8. Status of organizational collaboration (OCI-OC3) in industries

Collaboration and Networking Joint decivions on environmental issues

(OC1) (OC2)
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B [ arge-very large
existent
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(iv) Environmental Management Svstem (EMS)

An Environmental Management Svstem (EMS) provides a framework for organizations to
tdentify and manage their environmental impacts svstematically. An EMS can also help
organizations monitor and measure their environmental performance, providing valuable data
that can be used to identify areas where eco-innovation 1s needed. Table 7, briefly describe the
questions related to EMS.

Table 7. Quarries for ranking Environmental Management System (EMS1-EMS4) in
industries.

Findings:
EMS1: 59% responded that the EMS system existed at good level

EMS2: 44% believe that organizations continuously update their environmental
mformation at a reasonable level (in the range of high to very high). About 4% responded
as neutral while answering this question

s  EMXN3: 41% responded that access to environmental mformation management (MIS) 15
slightly easy in the mdustry.

o FEMS4- 44% think the flow of environmental mformation between the managers within
the industry 1s satisfactorv (good to very good) quality.

Fig 9. Status of environmental management system (EMS1-EMS4) in industries

Organization’s efforts (EMS1) Environmental information management
sysiem fo siore environmental information
(EM52)

® (Great extent

& Excelent
# Hish-very hish
® Good-very good axtent
= & Moderate extent
B Neutral 765
« Fair- poor : gﬁ- very small
m Very Poor # Hardly at all
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(v) Customer's Pressure

With the mncreasing demand for sustammable 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 sustamnable The
questions regarding customer pressure are given in table 8.

Table 8. Quarries for ranking customer pressure (CPI1-CP4) in industries.

Findings:

e (CPI: About 52% responded that customers' awareness 15 moderate. However, 22% of
respondents rate the customers' attention about sustamable products in the organizations m

the range of low to slightly low.

e (P2 Many responded (33%) with a view of strong stemming from customers. However,
15% responded customers' pressure as a droving force for the industry to generate

environmental benefits 15 vital

e (P3: About 44% have the opmion customer requirement to comply with their

environmental regulations and procedures 15, to a lngh extent.

o (P4 48% responded that customers' influence on decision-making 1s high whereas, 7%
think customers’ enviromnmental regulations greatly influence industry decision-making.

14| Page
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Fig 10. Status of customer’s pressure (CPI1-CP4) in industries
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(vi) Cost barrier

Customer pressure o generate environmenial

benefits
(CPZ)

m Very strong

® Sirong-slightly
strong.

m Moderate
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wezk

= Very weak

Influence of Customers’ on a_firm’s exvironmental
and business decision-making (CP4)
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extent
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Cost can be a barrier to eco-innovation. as implementing sustamnable 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 sigmficant barrier to eco-
innovation. Table 9 shows the quarries related to the cost barrier.

Table 9. Quarries for ranking customer barrier (CBI1-CB3) in industries.

15| Page
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Findings:
¢ CBI: About 33 % respondents believe that high cost 15 a barrier for industries to
introduce mnovations. While 19% thought the financing source was a small barrier.
o  (B2: 48% responded that the high cost to execute environmental projects is high
barrier.
¢ (B2 52% have similar opinions that it 1s a high barrier. Whereas 11% responded
think 1t 1s a not a barrier.

Fig 11. Status of cost barrier (CB1-CB23) in industries

High cost is a barrier (CBI) s‘*’ﬂﬁlﬂ:ﬂfﬂ f,ﬂ"m:ﬂ ifs;mb;;ﬂ gg o
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B Not a barrier

16| Page



G USPCAS-W
:-:.I Mehran University
7 of Enginessing & Techrology

IDENTIFICATION OF ECO-INNOVATION OPTION

{1) Membrane-based end-of-pipe treatment

The food industry generates high-strength wastewater containing elevated levels of organic
contaminations (measured aggregately by BOD, COD). Conventional treatment systems (e g,
activated sludge followed by sedimentation) are often adopted to treat biodegradable organic-rich
effluents. The membrane-based process 1s becoming popular in reducing pollution loads from food
industry wastewater. The membrane-based process can be divided mto four types, depending on
the tvpes of membrane used: microfiltration (MF), ultrafiltration (UF), nanofiltration (NF), and
reverse osmosis (BQ) [4]. A considerable gquantity of high-quality water can be recovered and
reused by membrane separation. Moreover, the membrane-based treatment system requires less
area than conventional treatment svstems [3]. making 1t more suitable for urban-setting industrial
units.

{11) Cooling Water Heat Recovery

Waste Heat recovery from the cooling water mvolves capturing the heat removed from an
equipment/generator and using 1t for a secondary purpose. It can improve overall energy efficiency
by reducing waste heat and potentially reducing the energy needed for other processes. Some
common methods for recoverng heat from cooling water include using the heat for space or
process heating, preheating feed water for boilers, or producing steam for electricity generation.
The heat recovery process 1s simple and can be carried out using a heat exchanger. The size and
quality of the material used for the system may determine the mitial mstalling costs. The payback
periods can then be calculated depending on the amount of heat recovery. However, as per various
experts’ opinions, the options are only feasible if the payback periods remam within 1-2 vears after
installing the system.

{i11) Recovery of Waste Heat from the emissions of a steam boiler

The waste heat from the boiler's exhaust (e.g., flue gas from boiler operations) can be recoverad
for steam production by installing a waste heat recovery (WHR) boiler or an economizer [6]. The
combustion of turbimes, power generators, and steam boilers produced exhaust gases containing
vast amounts of heat. The flue gas temperature ranges from 250 — 280° [7] . A schematic diagram
of waste heat recovery options 15 given m Figure 3. The exact payback period after mstalling such
a system depends on various parameters and can't be estimated now. However, a payback period
of 2 years will make such a system financially feasible for installation.

17| Page
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Figure 3: Schematic Diagram of Waste Heat Recovery Options in Industry [7]

(iv) Heat Recovery from the boiler blowdown

Heat recovery from the boiler blowdown can be used for preheating boiler feed water using a heat
exchanger The option of heat recovery from a boiler's blowdown 1s suitable for the boiler with a
blowdown rate greater than 3% of the steam generation rate [8]. This practice will provide energy
and improve overall energy efficiency. This option 15 suitable for high-pressure boilers. A
schematic of the possibilay of using a boiler's blowdown 1s given in Figure 4.

: ﬂ Baller Blonvdlown waler T Brsed Acter blowdown
Heot Becowery

ME

Illullnr!hwduwnﬂnntﬂmv .

Figure 4: Hear Recovery from Boiler Blowdown [9]
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(v) Chemical leasing

Chemical leasing is a new business model concept, which might require high-level partnership
among different parties and based on better trust among the partictpants [10]. The 1dea 13 that a
"process” is outsourced to a chemical supplier instead of buving chemicals from that supplier. In
this way, the supplier became responsible for process execution with the required level of quality.
The contract 15 made between the operator and the supplier with mutual benefits (win‘win
situation). The supplier then executes the process with optimized conditions to conserve the
chemucal since the supplier 1s an expert on that chemical Both the operator and supplier can work
together to optimize the process. In this way, the supplier uses less amount of chemicals and
increases profit. The operator outsources the "process” to the supplier. which costs less than if the
operator performs it.

For example_ let's consider a scenario if washing 1000 bottles are to be done. Let's assume the
operator washes the bottle tself (Table 10).

Table 10: Normal business scenario using chemicals at the operator level

Washing process: by the Suppliers sell the washing chemicals
eperator

Chemical cost: 100 § per 1000 | Profit by selling 1003 (for 1000 bottles):
boﬁlﬁﬁ 208

Overhead: 20 § per 1000 bottles | Overhead: 58
Total cost: 120 $ per 1000 bottles | Total profit: 15 § per 1000 bottles

If service 1s outsourced to the supplier and 10% of chemicals are saved after optimazation [ Table
1.

Table 11: Chemical leasing scenario by outsourcing the "process"” ro the chemical supplier.
Washing process: by the | Suppliers just sell the washing chemicals
operator
Overhead: 10 § per 1000 bottles | Overhead: 108
Total cost: 100 S per 1000 bottles | Total profit: 20 § per 1000 bottles

So, if the washing service 1s outsourced, the operator saves 20$ more, the supplier gains 5% more,
and 10% of chemicals are saved for the same washing of 1000 bottles. The overall profit will be
to the environment as less amount of chemicals will be discharged. Also, the cost of wastewater
treatment, if any, will be reduced.

The idea of chemical leasing 15 new to our country, and the industrialist felt 1t 15 difficult to execute
due to the trust level among the partners. As mentioned by UNIDO, who introduced the idea first,
the trust level 1s of prime importance. Further, no structured model exists, and the partners may
develop ther model However. a strong partner, such as UNIDO or any governmental agency,
might be very beneficial to execute the model.
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(vi) Conservation of chemicals by adding less

The idea of using less amount of chemicals than mentioned in the "formula"” {or recipe) of the
process 15 used m some food/chemical'pharmaceutical mdustries. The central focus is to use
chemicals optimally without compromising the taste of a product. For example, 1f 1 gram of sugar
1s required by the recipe per kg of confectionery product, then only 0.98 grams of sugar 1s added
per kg of the product. Apparently, the amount of 0.02 g (20 micrograms) per kg of product 1s not
significant. If the taste (or quality) 15 not compromised, then a saving of 0.02 g might bring a
considerable amount of chemicals saving (and financial savings) to the mndustry. It 13 envisaged
that optumizing chemicals 1s a regular practice i mdustries, but revisiting the actual practices
might make a difference.

The food mdustry 15 working hard to be sustainable and environmentally responsible. The bulk of
industries are concentrating on mmplementing waste management techmiques, pollution prevention
plans, and the introduction of environmentally friendly goods. Although formal management systems
and environmental monttoring technology usage are both relatively modest. the general trend towards
organisational eco-innovation 1s positrve. The industry appears to be heading towards a more
sustamable future with 44% of mdustries switching to green energy and 67% concentrating on product
innovation for reduced emissions and energy efficiency. The survey's findings suggest that the food
industry 15 moving significantly in the direction of a fisture that 15 more environmentally friendly and
sustamnable, even though there 1s still space for improvement in several areas. Additionally, the high
cost of eco-innovation and the absence of cooperation with research institutes. however, are significant
impediments to implementing eco-friendly practises in Pakistan, where many enterprises have a
kemral attriude on environmental legislation. /
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