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Abstract: Municipal solid waste (MSW) management is a global concern, especially in low-middle-
income countries such as Pakistan, which require the redressal of MSW treatment issues to attain
sustainability in the waste sector. The prosperity of municipal solid waste (MSW) collectors, i.e., the
sanitary workers, is critical in the waste management hierarchy. Hence, the health, safety, social wel-
fare, economic conditions and overall wellbeing of this tier need to be focused on more. Safeguarding
the interests of the sanitary workers will support the MSW management sector in sustainability, which
will help to generate revenue and minimize climatic impacts. An innovative MSW business model
with waste ownership and technological intervention has excellent potential to support the sector
towards a circular economy in Pakistan, the fifth most populous country in the world, generating
about 100,000 metric tons of MSW per day. The proposed recycling business model will ensure
a daily material recovery of 26,070 tons with 4721 tons of compost manufacturing in the country,
which ultimately helps towards achieving the sustainable development goals (SDGs) and meeting
the targets of nationally determined contributors (NDCs) by 2030. In addition, the sector’s economic
potential can contribute 5.5% to the total annual budget and possibly pay 1.4% of the gross domestic
product (GDP) per annum to service national foreign debt, thus helping maintain the debt threshold
value with an opportunity to accelerate the economic growth of Pakistan.

Keywords: regenerative circular economy; Pakistan; recycling business model; Islamabad; NSMF;
debt for waste swaps

1. Introduction

The introduction of the sustainability approach in current waste management mod-
elling helps to integrate the linear economy with a circular economy. The shifting of
a single-use system to reduce, reuse and recycle (3Rs) confirms that the world is mov-
ing towards sustainable solutions to save the future of new generations. In developed
economies, waste is considered as a resource instead of a problem, which is intelligently
transformed into a business model through recycling. Technical interventions in the waste
sector support the business model’s viability by establishing an equilibrium in resource
recovery and initial investment [1]. A zero-waste approach is being adopted in developed
economies with innovative manufacturing techniques to minimize environmental hazards
with cost-effective resource recovery and energy scrutiny [2]. The strategy, i.e., at-source
segregation with massive public awareness and motivation, is adopted to achieve the tar-
gets by placing separate recycling bins with dedicated recyclable waste collection streams.

Sustainability 2023, 15, 6281. https:/ /doi.org/10.3390/su15076281

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su15076281
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-7696-1129
https://orcid.org/0000-0003-1849-0995
https://doi.org/10.3390/su15076281
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su15076281?type=check_update&version=1

Sustainability 2023, 15, 6281

2 0of 29

The education levels, income strata and professions of people along with living places,
i.e., planned residential /commercial areas, housing societies and old cultural entities such
as walled cities are the factors significantly influencing the zero-waste-at-source recovery
business concept [3].

Developing countries worldwide suffer on account of the high cost per ton, degrada-
tion of the native environment due to open disposal/waste burning and health issues of
waste workers [4]. Developing countries spend 20-40% of their municipality budget on
waste collection [5]. In recent years, MSW management models have been more focused on
a sustainability approach, i.e., the reduction in greenhouse gas (GHGs) emissions during
waste handling, economically viable waste treatment solutions and the acceptance of the
proposed system by the local community [6]. However, resource efficiency through circular
economy solutions, i.e., slowing resource solutions, closing resource solutions and solutions
for narrowing resource loops, could help mitigate the climatic impact/GHGs emissions
reduction at 99%, 30-50% and additional savings per functional unit, respectively. In some
cases, circular economy solutions do not guarantee a reduction in GHGs emissions, so
there is a need to investigate further the methodological approach, i.e., procedures, system
boundaries and integration of forecasts [7].

Population increase is responsible for more developmental work that requires utilising
natural resources, thus impacting the local environment [8]. It is a fact that sustainability
in business models can only be achieved by upgrading the linear economy to business as
usual (BAU) with an innovative approach to a circular economy [9]. There is a need to focus
on the waste management industry in Pakistan to integrate it with a circular economy that
will support achieving the targets of sustainable development goals (SDGs) and nationally
determined contributors (NDCs) by 2030 [10].

The economies of low-income countries such as Pakistan are undergoing overdue
adjustments and are still recovering from the impact of COVID-19 [11]. However, several
factors, including slow productivity growth, high commodity prices and the recent eco-
nomic shutdown, have contributed towards internal imbalances. In addition, the previous
year’s monsoon flooding was responsible for the loss of 94 million acres of cultivated land,
resulting in the high prices of agricultural and textile products, including forfeiture of
human capital [11]. Furthermore, current geopolitical conditions, i.e., Russia’s invasion
of Ukraine [12] and a fresh influx of Afghan refugees in Pakistan, have also impacted on
the energy, food and construction industries, illegal refugee settlements, and social and
economic unrest in the country [13]. Under such circumstances, there is an urgent need
to explore other renewable energy resources [14], and the MSW management sector can
contribute to stabilizing the country’s economy.

The main objective of this study was to develop a business model that will help the
municipality to generate revenue from the sale of recyclables and compost, and to further
invest the surplus/generated revenue amount in waste-related infrastructure development
for the sector’s sustainability with an opportunity to incentivize the waste segregation
task for the social and economic welfare of the sanitary workers (Figure 1). The proposed
business model cum technology paradigm [15] will guide the government of Pakistan to
initiate and focus on the circular sustainable economy of the country by formally reflecting
the revenue amount in the gross domestic product (GDP) and providing a perspective of
the potential that is available in a single industry, i.e., the MSW management sector.
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Figure 1. Objective of the research/study.

2. Literature Review

The existing literature on circular economy from the waste management perspec-
tive is reviewed in detail here to assess the adopted methodology and its practicabil-
ity /implication (Table 1) in the real world. Most of the circular economy models focus on
waste treatment, i.e., waste to energy (WtE), technological interventions and upgradation
of the organizational structure to achieve the desired results. However, there was a need
to develop a recycling business model for Pakistan under local conditions by gaining
experience from developed economies.

The literature on the subject helps in the development of an innovative recycling
business model for Pakistan’s waste sector with an opportunity to integrate it with a
circular economy (Figure 2). Experience gained from developed economies is translated
into designing an innovative model under local conditions to recover and reuse waste
material sustainably to track the sector towards the future economic growth of Pakistan.
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Table 1. Review of the existing literature on circular economy in perspective of waste management.

Studies Circular Economy Model Methodology Applicability
[16] Mix solid waste Er‘ler'gy recovery ;fmq It will help in designing sustainable
emission characteristics thermal waste-to-energy systems.
P-oraph as an effective It will help to determine suitable waste
[17] Mix MSW dgcisl:i)on—makin tool treatment options based on economic
& and environmental aspects.
Mix solid waste from an Review of current waste management It will help to include a circular
(18] Indian perspective practices and alignment with econompin the waste sector.
persp sustainable development goals (SDGs) Y '
National MSW management Review of current MSW management The resgarch proposes to move to.w ards
Lo intelligent waste treatment options,
system and waste-to-energy (WtE) practices in circular economy . . L .
[19] . . . i.e.,, WtE, by incorporating in policy
methods in selected countries perspective and role of WtE . .
. o instead of old-fashioned waste
in Europe technologies in this context di
isposal methods.
Pinch analysis to integrate solid waste The proposed integrated design will
[20] Solid waste for urban and industrial symbiosis in help with energy recovery from
circular economy solid waste.
There is great potential for WtE projects
SWOT (strengths, weaknesses, in China under the 2019 garbage
[21] MSVé/:}rlrif :;igezsnch:;? the opportunities and threats) analysis of classification by minimizing
persp the WtE system weaknesses and threats to the
WHE system.
Quality and quantity of the secondary
Review of gain-sharing charging raw material will help develop a
[22] MSW, from an Italian perspective schemes in waste management from marketplace for recyclable products;
the perspective of circularity hence, the circular economy may
o . bgcon.ne a possible grow’.cl'} strategy.
[23] Instltut%ons role in .the SWOT analysis of current legislation It hlghhght.s'the oppo1'rtun1t1es that will
Tanzanian perspective help to facilitate the circular economy.
Absorbent hygiene products Interviews, direct observations and Teilchnrc;lgﬁcatlﬁg ;ierlze]f Zzlc())rrllocr?ln i&};}l:‘;rt
[24] Y& P detailed analysis of an Italian firm, P& & Y
(AHPs)/diaper waste ie. FaterSMART circular economy by converting raw
o materials into recyclable materials.
Exp 101;1ng th.e relatlonshlp among A mission-oriented policy approach
. . . policy drivers, i.e., economic, social and . .
Policy proposal in perspective of . . based on effective drivers can support
[25] Swiss MSW environmental, from the perspective of optimising the MSW in a
sustainable transition in P &
waste management circular economy.
Solid waste management in the Application of lifecycle ltmay guide low.—mc.o me c0u1.1tr1es to
[20] erspective of Sub-Saharan Africa assessment approach meet some obligations of climate
persp PP change actions and SGDs
There is a need to include reuse and
waste prevention clauses in Extended
. . . Systemic analysis, synthesis and Producer Responsibility (ERP)
271 MSW, in Russian perspective stakeholder analysis design/regulations. It will improve the
efficiency of MSW with a sustainable
circular economy.
An optimal waste management system
. Assessment of waste management requires well-dfeflned p01.1c1es at the
[25] Solid waste management from the model at local and national level with a certain degree of
Israeli perspective regional /national level freedom for local authorities. This
& integration will increase the overall
economic efficiency of the system.
Empirical analysis by applying
;?gi:::f eccsr?;ng :fg:ﬁé%‘i}; Dynamic Autoregressive Distributive Nuclear energy and efficient
[29] &Y p Lag (DARDL) and Kernel-based technological interventions are future

on ecological footprints in the
perspective of the USA

Regularized Least Squares
(KRLS) techniques

research areas for the circular economy




Sustainability 2023, 15, 6281

50f29

Objective of Literature
Review on Subject

Literature Review Process

Development of Recycling
Business Model

Policy Implication for
Pakistan

Poor Socio-economic
Condition of Sanitary Workers

Unattractive Job due to Low
Wages - Responsible for
Escaping from Duty

Linear Economy

Low Informal Recycling Rate
without Reflection its Share in
GDP

Waste Handling is Considered
as Liability by Local
Municipalities

Identification of Revenue
Generation Streams by
Involving Official Workers with
an Objective to Offer Incentive
against Segregation Task

Review of Existing Literature
to Develop Recycling
Business Model in
Perspective of Circular
Economy

Ownership of Waste by Local
Municipalities - Intervention to
Engage Authorized
Mid-Dealer in Recycling
Business

Legal Framework to Formally
Support Recycling Business

—

Explore the Methods to
Upgrade the Linear Economy
with Circular Economy

Explore the Methods to
Engage Government Entities
to Formalize the Recycling
Business

To Establish that "Waste is
Resource" for Pakistan

:/> was Studies on Google
Scholar - 50 articles

Literature on Circular
Economy & Business Model
with Perspective of Municipal
Solid Waste Management

Circular Economy Models
being Implemented in
Developed & Developing
Economies Worldwide -
Perception on Business
Model for Pakistan
Justification of Proposed
Business/ Circular Economy
Model for Pakistan - Its

Survey of the current
Recyclables Prices -
Notification of Recyclable
Material Prices/ Kg to Break
Informal Recycling Chain

Revenue Generation from
Proposed Business Model will
Support the Sustainability of
Waste Sector in Pakistan

Highlighted Economic
Potential to Sustain the Sector,
on Self-Sufficient Mode

Implication in Real World

Technological Intervention for
Segregation of Recyclables

Engagement of Workers in
Segregation Task - Incentive
for Workers to Improve their

Economic Condition

Recycling Business Model will
Support the Government of
Pakistan to Achieve the
Targets of NDCs & SDGs

No Cost Implication at Part of
Government to Implement the
Proposed Model

Opportunity to Explore Direct
Modes for Climate Finance
Funding

Implementation of Model in
Phased Manner

Bottom-Up Approach to
Implement the Model at
National Level

Strengthen the Economy of

Pakistan - Reasonable
Revenue Amount to Payoff
National Foreign Debt under
Proposed Debt for Waste
Swap National Campaign

Figure 2. Literature review to develop recycling business model with implications for Pakistan.

3. Problem Statement
3.1. Low Wages of Municipality Workers

Municipalities in low-income countries define the role of the sanitary worker as only
responsible for manual sweeping, litter picking, waste collection from the doorstep and fur-
ther haulage for temporary storage into containers or vehicles based on the mode of primary
waste collection. The minimum wage defined by the government in Pakistan for unskilled
labour, such as sanitary workers, is estimated to be PKR 25,000 or USD 95 per month in
the year 2023 [30]. The minimum amount required to run a single family, i.e., husband,
wife and two kids, is about PKR 58,500 or USD 223 per month (Figure 3). Therefore, the
worker cannot run a family with the government-offered salary, so he is pushed to take on
a part-time job to earn the gap of PKR 33,500 or USD 127 to run his family. This gap in the
worker’s salary is also responsible for them using other means to escape from duty; thus,
official working hours are consumed in other jobs. This salary gap is also demotivating the
worker, directly impacting his work performance [31]. Therefore, there is an urgent need to
focus on the worker’s welfare to fill the gap amount to increase his performance, which
ultimately sustains the service delivery standard in the local municipalities and waste
management companies (WMCs) [32]. Low-income countries such as Pakistan depend on
foreign loan money to meet internal development goals. Therefore, it is not immediately
possible for the government to increase the minimum wages of unskilled labour to meet
the essential requirements to run the family. Thus, this problem has created an opportunity
to explore viable options to ensure the fulfilment of the necessities of the workers without
imposing any financial burden on the part of the government. This innovative SWM
business model [33] will also generate money for the government as a surplus with the
option to invest in the waste management sector to run it in a self-sufficient mode. In this
research, the importance of the waste management sector as a “renewable resource” is
highlighted for low-income countries such as Pakistan that need little attention from the
policymakers, which in return will generate a surplus pool of money for the governments
to invest in the MSW management industry including other social sectors for the welfare of
the humanity.
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Figure 3. Comparison of current salary and minimum required amount (in PKR) for month-
ly consumption.

3.2. Linear Economy

Currently, the government of Pakistan is exploring various options to upgrade the
linear economy with a circular economy [34], and the MSW sector has much potential
to help policymakers achieve the targets of a regenerative circular economy by compost
manufacturing from the organic proportion of waste [35]. However, the informal recycling
chain, i.e., recovery of recyclables by scavengers, dealing with intermediaries and han-
dling/processing in the industry, must be recorded and hence not reflected in tax revenue
and GDP. Therefore, there is a need to upgrade the informal recycling chain with a formal
one so that the MSW management sector can contribute towards sustainability and a regen-
erative circular economy. This objective can be achieved by drafting and implementing the
MSW-management-related regulations by incorporating the proposed interventions at the
provincial and national levels.

3.3. External Foreign Debt of Pakistan

It is estimated that 1% increases in the external debt stock and debt serving are
responsible for downsizing the economy by 0.2% and 0.13%, respectively [36]. The debt
threshold level is between 15-30% of the GDP [37], while for Pakistan, the optimal level of
foreign debt is 26.4% [38]. The current foreign debt of Pakistan is about 39.7% of the nominal
GDP, which is 9.7% higher than the threshold level and 13.3% more than the optimal level
(Figure 4). Although the importance of the waste sector as a resource for Pakistan is
highlighted, the revenue from the recycling business model is theoretically translated into
GDP share, which can contribute to attaining the threshold limit for foreign debt.
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Figure 4. Foreign debt scenario of Pakistan with proposal to sustain threshold level.

4. Materials and Methods

The unsustainability of the country’s waste management system acts as a push factor
to explore the methods as perceived from current literature on developing the recycling
business model [39], i.e., sorting technological intervention, the economic potential of
recyclables, waste diversion to reduce the GHGs emission and intervention in current
waste management scheme to break the linear economy cycle. As a result, the recycling
business model is developed by applying the following approaches:

e  Ownership of the waste is defined with authorization for recycling business as part of
the government. This intervention will help upgrade the waste sector with a circular
economy by reusing and recycling waste materials.

e  The recycling business model is integrated with technological intervention to make
the model practicable and sustainable under local conditions.

e  The sale prices for the recyclables are obtained from the field survey at various levels,
i.e., scavenger, middleman/mid-dealer, private workers and recycling industry level.

e  Environmental monetary value from saving GHGs emissions in terms of waste di-
version for compost manufacturing and recovery of recyclables will also support the
sector towards sustainability.

The MSW management business potential for Pakistan is assessed by applying the
methodology explained in this section.

4.1. Proposed Municipal Waste Business Model for Pakistan

The proposed innovative recycling business model is developed from the existing
literature on circular economy from the perspective of waste management, economy and
environment. Most of the circular economy models emphasize drafting and enacting
regulation/policy, recycling, innovative approach and emphasis on environmental con-
sideration (Table 2). The proposed innovative business model for Pakistan is unique as it
was developed by considering all aspects, i.e., poverty reduction, workers” welfare, vision
2030, integration of the informal waste sector, source segregation option, technological
intervention, targeted organic composting, targeted recovery of recyclables, cost recovery,
environmental consideration and darting and enactment of waste-related regulations to
strengthen the waste sector in Pakistan.
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Table 2. Literature review on circular economy in terms of waste business model.

Studies Study Area SRP CR ocC Re TI SS IIS TIACE SWW V2030 PACE PR EC
[40] Jordan v 4 vV Vv - - - - - - - - -
[41] United Nations Vv - - Vv - - - Vv - Vv - - Vv
[42] Romania Vv - - Vv - - - - - - - - -
[43] Mississippi, USA - - - Vv - - - - - vV 4 V4 v
[44] Poland - v - v - - - - - - v - -
[45] European Union 4 - - v 4 - - 4 - 4 - vV
[46] European Union Vv Vv - Vv - - - - - Vv - - Vv
[47] Italy and Spain v - - Vv - - - Vv - - Vv - vV
[48] Spain and Romania v v V/ Vv i v Vv

Sweden, China, UK,
Finland, Europe,
(4] Bangladesh, Italy, Kenya v ) ) v ) ) ) % . ) ) . v
and Brazil
[50] Worldwide Vv - - Vv - - - Vv - - - - Vv
[51] Ukraine v Vv - Vv - - - Vv - - - - Vv
The abbreviations used in Table 2 are explained in Table 3 to summarize the current
literature review on MSW business models. The literature helps to integrate all desired
aspects and design components in a single proposed model for its practicability under
local conditions to strengthen Pakistan’s future economic condition by prioritizing the
sustainability of the waste sector.
Table 3. Explanation of abbreviations of reviewed literature (reference Table 2).
Abbreviation Description Abbreviation Description
SRP MSW Strategy, Regulation and Policy Re Recycling
CR Cost Recovery TI Technological Intervention
ocC Organic Compost SS Source Segregation
IIS Integration of Informal Sector IACE Innovative Approach of Circular Economy
SWW Sanitary Workers’ Welfare V2030 Vision 2030/SDGs/NDCs
PACE Public Awareness on Circular Economy PR Poverty Reduction
EC Environmental Consideration - -

The proposed innovative municipal SWM business model [52] can support the im-
provement in the socio-economic conditions of sanitary workers in Pakistan. The sani-
tary workers collect the waste from each household as per business as usual (BAU), and
rights/ownership of garbage will be entrusted to the workers in order for them to officially
segregate the collected waste at the source level or the centralized enclosure located in the
area. Furthermore, the municipality will segregate/recover the recyclables and sell them
to a notified /authorized mid-dealer/middleman. For the scenario’s success, the sanitary
supervisor of the area will be allowed to supervise the waste segregation activity performed
by workers. In this case, the supervisor will be responsible for establishing contact with the
government’s authorized middleman and ensuring the selling of the recovered material
on-site or arranging the transportation of material to an agreed point in consultation with
the mid-dealer. The recovered recyclables will be sold in the recycling industry [53] by
the authorized mid-dealer and organic waste will be used for compost manufacturing
by the government. This approach will support the government in integrating the MSW
management industry with the circular economy that will generate revenue from the sale of
recyclables and compost. The environmental monetary value in terms of savings on GHGs
will be an additional revenue stream for the government. The government’s ownership of
the recycling business will help to discourage the informal waste business with the option
to hire scavengers as sanitary workers to enhance coverage of the service area [54]. The
flow chart of the proposed business model is explained in Figure 5.
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Figure 5. Proposed MSW recycling business model for Pakistan.

4.2. Survey for Recyclable Material Prices

The current selling prices for recyclables including haulage /handling costs are ob-
tained from survey of the market (Figure 6a—f). The current and proposed offered prices
for authorized mid-dealers, including the recycling industry, are depicted in Figure 7.

The government can apply business tactics to discourage the informal sorting and
recovery of the recyclables, i.e., rates for recyclables will be notified at the mid-dealer and
recycling industry levels. Notified high prices for recyclables at mid-dealer level will help
to break the informal recycling chain and this intervention will support to link the sector
with circular economy. The scheme of intervention is depicted in Figure 7.

4.3. Estimation Model for Economic Potential

The revenue amount from the recovery of recyclables and a sum of all revenue streams
(direct and indirect) is calculated as per the following equations by developing an idea
from the review of recovery and recyclables [55], cost saving in unit-based pricing [56], and
a novel bootstrapping autoregressive distributed lag [57];

T(RV)Recy = {(qw-p&c) X (S(p)p&c)} + {(th-p) x (S<p)p)} + {(qty-m) x (S<p)m)} + {(th-g) x (S(p)g) }
+{ (th'Pet) X\ S(p)pet } + {(th'tpak) x (S(p)tpak>} + {(th'C) x (s(p)c } @
+{(th'n) X S(p)n) + {(th'e—) X (S(p)e—)} + {(th'teX) X (s(p)tex)

T(RV)gum = DirR [{T(RV)gecy } + {T(RV) comp } + {T(RV)eny e} + InDs[{1fs(me) } + {dl(c)} + {trans(fc)} + {fert(c)}] ~ (2)

The parameters and variables used in Equations (1) and (2) are explained in Table 4.
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(f)

Figure 6. Survey for recyclables’ selling prices: (a) survey for waste items recovered; (b) survey for

average quantity required on daily basis; (c) survey for economic condition of informal scavengers;
(d) survey on recovered material haulage cost; (e) selling price survey; (f) survey of local markets for
metal prices.

Tetrapak Combusti-
’ ble ? Q

Informal Informal Informal Informal Informal Informal Informal Informal Informal Informal
Rate/kg Rate/kg Rate/kg Rate/kg Rate/kg Rate/kg Rate/kg Rate/kg Rate/kg Rate/kg
PKR 40 PKR 80 PKR 140 PKR 3 PKR 80 PKR 40 PKR 20 PKR 90 PKR 250 PKR 7

This Intervention will Break
the Informal Recycling Chain

Rate/Kg.
PKR 60

Profit Margin of Authorized
Mid Dealer

Recycling Industry
(buying at Higher Notified Rates)

Figure 7. Intervention to integrate MSW sector with circular economy.
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Table 4. Parameters and variables used for economic potential estimation.

Recyclables Economic Potential and Modes of Direct and Direct Revenue

qty. Quantity in kg per day or month or year pet Pet waste
Sp) Sale Price (PKR) per kg tpak Tetrapak
P&C Paper and Cardboard c Combustible
P Plastic n Nylon
m Metal e- Electrical /Electronic waste
g Glass tex Textile
Dirg Direct revenue T(RV)Recy Total revenue from sale of recyclables
InDg Indirect saving amount T(RV)comp Total revenue from sale of waste
TRY)envbft befloefg’i ?él‘jleg:zafi;rg ig;ﬁ;;;egﬁie) lfc(mc) Landfill site management cost
dl(c) Land value/cost for land required for trans(fc) Waste transportation fuel cost
waste disposal
fert(c) Fertilizer cost T(RV)sum Sum of total revenue cost

4.4. Waste Sorting Machine

A cost-effective locally manufactured machine named New Sorting Machine for Low-
Income Countries “NSMFL” is proposed under local conditions (Figure 8). The NSMFL is
designed locally to sort municipal solid waste into various components with the option to
press identified components into bales, i.e., plastic bags, nylon and combustibles. It will
help to segregate/sort the household municipal solid waste manually into ten economically
valuable components, i.e., combustibles, electrical, glass, metals, paper/cardboard, pet, ny-
lon, plastics, Tetra Pak and textiles. The NSMFL can be installed in the vehicle, i.e., rickshaw,
Suzuki pickup and mini dumper for segregation at the source level, i.e., door-to-door (DtD)
waste collection. The other option is to install NSMFL in a central location in the area under
the control of one sanitary supervisor, i.e., union council, ward or sector. Mixed waste
will be collected and hauled to the site for sorting/segregation in this option. Initially, the
second option seems more feasible and cost-effective as it will not compromise the primary
waste collection efficiency. However, gradually, the sorting responsibility will be shifted to
the community, i.e., at the household level [58] with the help of public awareness, training
on sorting and legally incorporating that specific clause in related policies and laws.

Overview

<Vacuum system

Pressing

Figure 8. Locally manufactured waste sorting and pressing machine—NSMFL.
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4.5. Greenhouse Gas (GHG) Emission for Waste Recycling and Composting

Assessment of GHG emissions, i.e., direct emission, indirect saving and net emissions
in a kg of COy—eq./ton, and kg of CO,-eq./month of collected MSW are performed for com-
post and recycling by using “Estimation tool for GHG emissions from MSW management
in a lifecycle perspective-version-III” developed by the Institute for Global Environmental
Strategies (IGES), Japan [59].

5. Results

The case study of Islamabad, the capital city of Pakistan, is presented to demonstrate
that waste is a resource that can help the capital development authority (CDA) to sustain the
sector under local conditions economically. The MSW business model is tested in Islamabad,
and its implication at the Pakistan level is proposed to integrate the industry with a circular
economy, which is urgently needed as a part of the current regional geopolitical scenario to
sustain the country’s economy [60]. The estimated population of Islamabad, the capital city
of Pakistan, is approximately 2.6 million. The city’s MSW generation is 1534 t/d, with an
average waste generation rate of 0.59 kg/c/d [61]. MSW generation and waste composition
for Islamabad are depicted in Table 5 (see Supplementary Materials).

Table 5. Municipal solid waste composition and generated quantity per day.

SN Waste Components Household Waste Composition (Avg.%) t/d
1 Combustibles 9.7 149
2 Diaper 14.9 230
3 Elec.-Electronic W. 0.02 0.3
4 Glass 2.1 32
5 Hazardous W 04 6
6 Biodegradable W. 47.3 726
7 Metals 0.1 2
8 Non-Combustibles 0 0.0
9 Paper—Cardboard 4.1 63
10 Pet 0.9 14
11 Nylon 11.2 171
12 Plastics 1.2 19
13 Tetra Pak 1.2 19
14 Textile 6.7 103

TOTAL 100 1534

The DtD waste collection system is proposed for the capital city of Pakistan [62].
Municipality workers will collect the waste mechanically and haul it to the enclosure. In
addition, a mini dumper (2.5 m®) is proposed to be deployed to 1600 households to collect
5.5 t/d MSW by making four trips (Figure 9).

The temporarily stored waste at the enclosure will be sorted into ten components
(Figure 10) based on feasible scenarios under local conditions. The area supervisor will
oversee the sorting activity and coordinate with the notified authorized mid-dealer for
weighing and collecting the recovered material and the disbursement of the on-site cash
share among the area workers under the supervision of the sanitary supervisor/inspector.
The same material will be delivered to the recycling industries, and the generated rev-
enue/surplus amount will be deposited in the municipality /government account after
retaining their profit.
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1st Trip (4.5 Km)
2nd Trip (4.2 Km) £

3rd Trip (2.5 Km)
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] E Sector Boundary

Figure 9. Proposed DtD waste collection scheme for Islamabad.

Waste Collection by Sanitary Workers
(Household Level)

Recoverable
Material

Centralized Site
in Area

At Source Level

Govt.
Authorized
Middleman

Recycling Industry

Figure 10. Waste sorting methodology and sector integration with circular economy.

The organic/kitchen waste will be collected by the municipality and hauled to a
centralized facility for the manufacture of organic compost. The quantity of the recovered
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recyclables is estimated as 10,442 tons per month (26 days) at a 70% recovery rate for the
city, and the components-wise detail is depicted in Figure 11a. The economic potential
from a recovery of 10 recyclables is estimated to be PKR 463 million per month (Figure 11b).
The proposed model will support the government to convert the circularity values into a
recycling business model [49].

‘ Recovered Material Qty. (t/m)‘ Economic Potential (PKR/m)‘
Paper & Cardboard
Textile 4000, Plastic Paper & Cardboard
3000/ Textile 2(5): igz Plastic
2000 250
< 2.0x10%)
1000 X 1.5x10° )
Electroni Metal
ectronic 0 Y e Electronic 1.0x10% Metal
) 50x10% /
00
1009 102
-5.0x10%
Nylon \ ‘ Glass Nylon § ' Glass
Combustibels PET Combustibels | PET
Tetrapak Tetrapak
(@) (b)
Figure 11. Recoverable quantity with economic values: (a) quantity of recoverable material per
month; (b) economic potential of recovered material per month for Islamabad city.

In this case, the sanitary supervisors will receive a 1% share from the recyclables’
sale, and a 15.6% share will be disbursed among the 2068 workers. The government will
receive 83.4% of its profit share from selling the recyclables to further invest in the waste
management sector for sustainability. This proposal seems practicable as it will allow the
workers to fully concentrate on waste handling with extra man-hours, and the financial
benefits will stop them from needing a part-time job. The proposed business model is based
on local conditions and lessons learned from the sector to prevent/minimize the informal
segregation of valuable waste components by scavengers. Furthermore, the economic
benefit relating to workers will also ensure the presence of each worker on duty. Thus, it
will help minimize the ghost worker stigma associated with the waste sector in low-income
countries [63]. The sale of recyclables by the sanitation staff will earn an expected amount of
PKR 463 million per month (26 days) in Islamabad (Table 6) (see Supplementary Materials).
Table 6. Potential economic value per month from sale of recyclables—Equation (1).

Recovered Material o . Economic Potential
Recyclables Oty (t/m) 70% Recovery/Month Avg Sale Price/kg (PKR/Month)
Paper and Cardboard 1635 1145 40 45,786,832
Plastic 495 346 80 27,695,450
Metal 48 34 140 4,690,358
Glass 842 589 3 1,767,260
PET 359 251 80 20,101,536
Tetra Pak 495 346 40 13,847,725
Combustibles 3869 2708 20 54,162,472
Nylon 4451 3116 90 280,416,427
Electronic 8 6 250 1,395,940
Textile 2688 1882 7 13,172,090

Total 14,889 10,422 - 463,036,090
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The total salary of the 2068 sanitary workers is PKR 51.7 million per month (Avg. PKR
25,000/ worker/month). However, PKR 121 million per month is required to meet the
minimum requirements of the sanitary workers’ families. After excluding the recyclables’
handling costs (PKR 19 million/month), the actual sales revenue will be PKR 444 million
per month. After the sanitation share (PKR 73.2 million/month) disbursement to meet the
minimum expenditures for the families, the monthly surplus will be 370.2 million. The
analysis of the related cost of the system, including capital and operational expense and
generated revenue from the sale of recyclables [64], is depicted in Table 7 and Figure 12a,b

Table 7. Cost (PKR/month) of the system and related revenue amount.

Variables Description Amount (PKR Million)/Month
T(Rv) Total revenue from recyclables’ sale 463
S Official salary 52
F Minimum required expenditures for family 121
T Transportation, machinery and allied cost of materials 5
G Uniform, shoes, gloves and mask cost 1
H First aid and vaccination cost 2
L Lunch cost 11
A(Rv) Actual revenue (excluding allied cost) 444
WS Share of workers for family 69
SS Supervisor share (1%) 4
SA Surplus amount for government 370
Amount PKR (Million)/ Month|
Total Revenue from Recyclables Sale
500‘
400
300
*SE Surplus Amount
§ for Government 200 Recyclables
= 100 Handling Cost
g Amount 0
< (PKR/Month)
= VY
j=)
o]
E VN N
< ~
100M R §  z %
200M] & z “y,
g ) 9
iggx 55‘ & %% oh ¢ Sanitati . Actual Revenue
500M 5 z “ are o amtaFlon (excluding recyclables
3 : Staff for Family handling cost)
(a) (b)

Figure 12. Cost of the system/revenue per month: (a) cost/revenue of the proposed material recovery;
(b) expenditures to sustain the business model and related revenue cost for Islamabad.

Value of A(Rv), WS and SA are calculated (Table 7) per the following equations by

developing an idea from the recycling resource return model [65] and cost composition of
the source separation system [66];

ARv)=T(Rv)—(T+ G+ H+ L) (3)

WS = (F — S) )

SA = A(Rv) — (WS + SS) ®)
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After meeting the necessities of the sanitation staff, including the handling costs for
recyclables, there will be a sufficient surplus amount (PKR 370.2 million per month or PKR
4442 million per annum) on 70% recovery of recyclables that can be utilized to meet the
current expenditures of the solid waste management sector of the city, i.e., PKR 1397 million
per annum. As estimated, each worker can contribute a monetary value of PKR 214,660
per month to the government. Therefore, there is an urgent need to change the perception
with regards to the sanitary workers in the country, and the workers should be considered
as earning resources of the government that can support the generation of revenue for a
sustainable waste management sector in a self-sufficient mode [67].

CDA can generate PKR 6402 million/annum revenue from the sale of recyclables and
compost. Therefore, revenue from the environmental benefits in terms of GHGs emission
reductions is estimated to be PKR 682 million per annum, and indirect savings of PKR
1332 million per annum from waste diversion, i.e., landfill management costs, land costs,
transportation costs and fertilizer, are depicted in Figure 13.

“:] Revenue/Saving (PKR/Year)‘

Indirect Saving - Fertilizer Sector 1‘05%09

Indirect Saving - Transportation Fuel —]133@05

Indirect Saving - Disposal Land - 1.33x10”

Indirect Saving - LES Management { (9.17x107

Environmental Benefit < 6_8%)(108
Sale of Compost (50%) 1.96x10°

Sale of Recyclables (70%) 4.44x10°

N N

Streams of Revenue/Saving

L B B R R B B R R B LR
0 1x10°  2x10°  3x10°  4x10°
Revenue/Saving (PKR/Year)

Figure 13. Annual revenue including savings from recycling and composting.

5.1. Implications of Proposed Business Model for Pakistan

It is proposed that the locally developed recycling business model is implemented
at the national level using the bottom-up approach [28]. This approach will support the
government of Pakistan to optimize the recycling business model at the national level
in terms of the economic and environmental benefits, including giving freedom for local
municipalities to optimize the model under local conditions. The implication is that the
recycling business model has the potential from the perspective of the MSW management
sector to be carried out across Pakistan. The country’s projected population is 232 million
in 2023, generating 99,776 metric tons of waste per day by taking a 0.43 kg/c/d average
waste generation rate [68]. The component-wise quantity of household MSW generation
per day is depicted in Figure 14a. The amount of recyclable components (37,243 t/d) with
the proposed 70% recovery (26,070 t/d) is depicted in Figure 14b.
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Figure 14. Waste generation of Pakistan: (a) component-wise household waste generation (t/d);
(b) proposed recovery of recyclables (t/d).

The government of Pakistan can generate direct revenue of PKR 518,458 million/annum
by implementing the proposed recycling business model in addition to PKR 151,361 mil-
lion/annum indirect savings, as depicted in Table 8 (see Supplementary Materials).

Table 8. Revenue streams and related saving amounts per annum in Pakistan perspective—Equation (2).

Revenue Streams Including Indirect Savings PKR (Million/Annum)
Revenue:
Sale of Recyclables (70%) 361,371
Sale of Compost (50%) 127,465
Environmental Benefit 29,622
Indirect Saving:
LFS Management 4967
Disposal Land 850
Transportation Fuel 77,563
Fertilizer Sector 67,981
Total 669,820

Furthermore, the economic potential /revenue value (PKR million) of each recyclable
category is calculated and its share towards the circular economy is depicted in Figure 15.

Higher government spending has encouraged the need to find innovative ways to
develop non-tax revenue streams with improved collection management systems [69]. The
MSW management sector can support the government of Pakistan to improve the national
economic condition with an addition of a 5.5% monetary amount compared to the annual
budget. The direct economic potential/revenue by implementing the proposed recycling
business model, i.e., compost sales (19% share), recyclables (54% share), environmental
monetary values (4.4% share), including indirect savings from transportation (11.6% share),
landfill management (0.7% share), disposal land (0.1% share) and fertilizers (10.1% share),
is depicted in Figure 16a. Additionally, the sector can improve and develop infrastructure
with the money (1.1%) generated within the system without additional financial burden on
the government (Figure 16b). The proposed share of the waste sector in GDP as non-tax
revenue is highlighted by identifying a tool for the government of Pakistan to focus on the
sector’s welfare, which in return has the potential to influence the country’s macroeconomic
condition [70].
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Figure 15. Economic potential (revenue) of each recyclables material towards circular economy.
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Figure 16. Economic potential of proposed business model: (a) revenue/saving share (%) of proposed
business model in Pakistan perspective; (b) estimated sectoral share in annual budget of Pakistan.

An increase in the debt amount can accelerate the long-term economic growth rate;
however, beyond a particular debt-to-GDP threshold ratio, a further increase in the debt
amount will hamper the economic growth of the country [71]. The idea to project the share
of the waste sector to service the foreign debt is developed from the economic growth with
foreign savings [72] to develop the following equations:

Djy,— Dyoj, — Do, (6)

where Djo, represents the debt impact value (%) to GDP, D;, represents the debt threshold
value (%) to GDP for foreign debt and D,¢, represents the current debt value (%) to GDP. The
negative value (%) of Dy, in the case of Pakistan indicates immediate remedial measures

for foreign debt treatment.

Dyoy 1.y = D1 + MSWeps, (7)
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where Dy, 1) represents the debt impact value (%) after treatment, and MSWEpo, represents
the economic potential (%) of the municipal solid waste sector to service the foreign debt
value in GDP.

The economic potential of the country’s waste sector is calculated to compare its
theoretical share to pay off the national foreign debt. The revenue generated from the waste
sector can help to maintain foreign debt within the threshold value for Pakistan. The waste
management sector can contribute by paying about 1.4% of the GDP by 2023 or 21% of
the GDP by 2032 to service the country’s foreign debt by assuming the debt value of the
fiscal year 2021-2022 as constant with incremental population growth and waste generation
over the period with the objective to theoretically reflect the share of the waste sector in
economic growth (Figure 17a,b). Therefore, the new sectoral intervention in the form of
policy implications can prove a turning point to strengthen the economic condition of the
country [73].

Population Growth & Waste Increment Rate
—— Per Person Forign Debt Paying Capacity - (Business Profit PKR)

Population Growth & Waste Increment Rate

—%*— Decrease in Per Capita Forign Debt Amount (PKR)

Population Growth & Waste Increment Rate

T T T T T 6000

— 210k
- 5500

5000 I 200k

+ 4500
190k

L 4000

L1 180k
113500

- 3000

Population Growth & Waste Increment Rate

170k

Decrease in Per Capita Forign Debt Amount (PKR)

T T T T T T T T T T
2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Years

Per Person Forign Debt Paying Capacity - (Business Profit PKR)

(a)

T T T T T T T T T T
2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Years

(b)

Figure 17. Theoretical economic potential of waste sector to help service the national foreign debt.
(a) Foreign-debt-paying capacity from estimated revenue generated from the recycling business;
(b) estimated decrease in per capita foreign debt over the period.

5.1.1. Resource Recovery and Implementation Timelines

The current average recycling rate, i.e., recovery of recyclables, is reported as 14.4%
in Pakistan by the informal sector [74] with almost zero compost manufacturing from
organic municipal waste, except in Lahore, which has an active composting facility with
1000 t/d waste processing capacity and where operations are underutilized. The proposed
parameters with regards to achieving the targets are flexible and practicable based on
lessons learned from the MSW management sector. Therefore, the government of Pakistan
can implement the proposed business model in a phased manner (Figure 18a). Six-month
timelines are proposed in phase I to implement the new business model. The proposed
business model implementation timelines in phases II, IIl and IV are nine months, 12 months
and 18 months, respectively. The phases are offered based on city population, i.e., large,
medium, small and urban towns with populations of >300,000, <3,000,000 and >200,000,
<200,000 and >100,000, and <100,000, respectively (Figure 18b-d).
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Figure 18. New business model implementation timelines: (a) business model implementation time-
lines in phased manner; (b) 27 large cities of Pakistan; (c) 14 medium cities of Pakistan; (d) 59 small
cities of Pakistan.

There is a need to integrate the circular economy into the MSW management sector to
reduce carbon emissions by 45% by the end of 2030 and attain carbon neutrality by 2050 [75].
The circular economy strategy in the form of a material /resource recovery business model
will support the GHGs emission reduction targets defined by the nationally determined
contributors (NDCs) and sustainable development goals (SDGs). Implementing the pro-
posed model will help save indirect GHGs emissions of 105,233,136 kg of CO,—eq./month
through resource recovery, i.e., composting and recycling (Figure 19).

5.1.2. National SWM Act/Policy—A Roadmap for Sectoral Reforms

The circular economy approach is being implemented in developed economies and
protected under the legislative system. Therefore, the legal protection initiative will act as a
foundation for the designing and execution of an efficient MSW management system from
the perspective of the circular economy in Pakistan [76]. For the implementation of the
proposed recycling business model [77], there is a need for drafting a comprehensive SWM
policy/Act at the national level by engaging all stakeholders [78], i.e., local government
departments of all provinces including waste management/sanitation companies, boards,
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federal ministries of climate change and planning and special initiatives. In addition, there
is a need to incorporate the clauses of waste ownership, sorting and the availability of land
for waste enclosure on a decentralized approach, the revised criteria for sanitary supervisors
and inspectors, the selection criteria for authorized mid-dealers and a mechanism to register
the recycling industry and notifications of recyclables rates at the middle dealer level.
Initially, it is proposed to have open rates at the recycling industry level keeping in view the
market trends. Now is the time to tap up the talent that will accelerate sectoral productivity,
and which will ultimately make a success of the recycling business model. The flow
diagram for a national MSW-related policy/Act is presented in Figure 20.

—— GHGs Emission/Saving
Monthly Collected Waste
Net GHGs Emission 5.71x107 (Kg. of CO,-Eq./Month)
Indirect GHGs Saving 1 .05x10%
N
.
"
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Figure 19. GHGs emission/saving from monthly collected waste.

v
National Solid Waste
Criteria for I Management Act
S5/ Sl

KPK
Province

Punjab
Province

area for Waste
Enclosure at
UC level

Ownership
of Waste to
Sanitation
Staff

Recycling
Industries

Sorting
officially be
allowed

Sindh
Province

onsultatio
Sessions

Open
rates at
Industry
Level as per
Market
Trends

Planning
Ministry

" National Solid Waste |
— ]
Management Act

A

L

of rates for
recyclables
(Mid Dealer
Level)

Province Inclusion of

Authorized Mid
Dealer Clause

Figure 20. Proposed steps for national SWM Act/policy.

6. Discussion

The business model linked with the circular economy [79] will help increase resource
efficiency [80] from the perspective of urban municipal solid waste handling and can guide
low-income countries such as Pakistan to attain equilibrium between their economy and the
environment [81]. Economic, environmental and societal expectations are pressing the need
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to move towards a sustainable socio-technical system. Social inequalities, degraded work
environments, joblessness and poverty traps are the reasons to explore innovative business
models, which can provide financial support to meet the necessities of job security [82].
Therefore, there is an urgent need for an innovative approach to focus more on regenerative
system research, i.e., the business model from the perspective of the circular economy [83],
so that it can support low-income countries such as Pakistan to overcome the latest crises
of economic instability and social inequalities.

The proposed business model is unique/innovative as it will guide the policymak-
ers to authorize the contractor(s) on the government’s behalf to collect the recyclables
at higher notified prices and distribute the share among the municipality workers and
government without additional cost implications on the part of the government of Pakistan.
Technological intervention is the other aspect that makes the model unique. It will allow
the segregation of mixed MSW at the source level by engaging sanitary workers without
additional workforce with the opportunity to integrate informal scavengers in the main
waste collection stream. It will also allow the municipality to increase service delivery by
incorporating private housing entities in the waste collection stream. A flowchart of the
innovative recycling business model for beloved Pakistan is depicted in Figure 21.
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Figure 21. Innovative recycling business model as perceived from developed economies.

As per BAU, the linear economy negatively impacts the local environment as collected
waste is disposed of openly without resource recovery. Therefore, society must adopt
a circular economy by exploring renewable energy resources, such as material recovery
from the MSW. Implementing the proposed business model will support the breaking
of the linear economy chain (Figure 22) and encourage the upgrading of the sector with
circularity [84]. The economic value of recyclables and the recycling industry are pull
factors for the business model’s success. The offered prices for recyclables by government-
authorized contractors (Figure 23a) will ensure the practicability of the model. Government
ownership in recyclable recovery, including waste sorting technological interventions, will
be the key to upgrading the local sector in Pakistan towards sustainability.
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Figure 23. Recyclables’ selling prices and recycling rate: (a) recyclables’ selling prices (PKR/Kg.) for
BAU and proposed; (b) informal recycling rate (%) in major cities of Pakistan.

The average informal recycling rate for Pakistan is calculated as 14.4%, which needs
to be formalized to reach an enhanced 70% material recovery efficiency (Figure 23b).
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The authorized mid-dealer with notified prices for recyclables will play the role of a
game changer in the waste sector of Pakistan (Figure 24). These proposed interventions
in the recycling chain of Pakistan will act as a pull factor for recyclables and a push factor
for informal scavengers to formally join the municipality to increase service area coverage,
including waste-sorting tasks [85]. In addition, a dedicated cell /unit will be established
at the central level in each municipality to monitor materials’ in/out flow digitally [86].
The key to the success of the proposed recycling business model is based on the cash
disbursement among the workers on the same day, and the government share may be
deposited in the account by the authorized mid-dealer weekly or monthly.

Collection
& Sorting
by Worker:

Welfare
of
Workers

Mid Dealer

2 Ty
(Autr}g:lzed) Profit +| Recycling
Industry
Recyclables To invest in
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Figure 24. Proposed cash flow mechanism.

Therefore, the proposed MSW business model will help the country to invest the
revenue money for the welfare of sanitation staff and strengthen the sector with an option
to maintain the foreign debt within the threshold value. However, there is a need to explore
the direct investment modes by international lenders, and the waste sector can play an
essential role in achieving the sustainable development goals (SDGs). The reduction in
greenhouse gas (GHGs) emissions associated with municipal waste handling can help
to explore options such as “debt for climate/environment swaps” to sustain the global
climate [87], which will save the fate of humanity on the planet Earth as Pakistan is the
fifth largest populated country in the world generating 100,000 tons of MSW per day.
International lenders may support the sustainability of developing economies such as
Pakistan in paying foreign debt, which will help minimize geopolitical crises [88]. A single
industry, such as the waste sector, has the potential to support economic development
by implementing the proposed business model under the new term/campaign “Debt for
Waste Swaps” from Pakistan’s perspective.

Municipalities worldwide can also initiate the model of improving staff welfare with
revenue money from the waste sector. The official retirement age may be kept low or, as per
BAU, with the option to join a recycling business or source segregation task after retirement
with some attractive incentives. Resultantly, the vacant positions will create jobs. New
recruitments should be on a contract basis instead of being offered a permanent place to
avoid future pension liabilities on the part of the government. The retired employees can



Sustainability 2023, 15, 6281

25 of 29

be offered the chance to join the recycling business voluntarily, which will generate revenue
for the government to pay their liable pension amount with some incentives or relaxation
in tax amounts against the services. This proposition may help governments to overcome
the recent pension crisis with an opportunity to focus on the welfare of retired government
employees [89]. The developed economies may also accelerate their economic/industrial
growth by investing and buying green bonds from developing economies such as Pakistan
under a symbiotic relationship approach.

The topic was selected to highlight the importance of the waste sector from the circular
economy perspective. There was a need to integrate the critical circularity aspects into a
single model to sustain the local waste sector by focusing on the welfare of the stakeholders,
sanitary workers, supervisory tier, informal scavengers, private workers, municipality
and recycling industry. Furthermore, sector analysis compared the revenue share with
GDP and its potential to pay off the national foreign debt. Technological interventions and
waste ownership by the concerned municipality are the critical areas responsible for the
sector’s success in Pakistan. The desired results of the bottom-up approach at the national
level can only be achieved by incorporating the proposed clauses in the related policies
and regulations, including prioritizing the welfare of the sector and its recognition by
policymakers. Information on the waste processing capacity of all recycling industries and
their registration with the government are essential to keep a record of material flow that
will help the government to predict the future trend of recycling materials with monitoring
checks on product quality at the manufacturing level. The proposed recycling business
model is limited to the recovery of recyclables and compost manufacturing based on local
conditions; however, there are other relevant waste treatment options available in the
market, such as anaerobic digestion, refuse-derived fuel and waste to energy, i.e., electricity
generation, which is not considered in terms of its economic potential. Future research is
required to design a practicable model for handling, treating and disposing diaper waste
comprising about 15% of municipal solid waste in Pakistan.

7. Conclusions

Implementing intelligent interventions in the recycling business model will ensure the
integration of the waste sector with a regenerative circular economy in the country. The
economic gains from the waste business will support investment in the sector’s welfare
to meet international standards, which will help the government achieve NDC and SDG
targets. Implementing the proposed business model only requires administrative decisions
and commitment on the part of the policymakers without any additional cost implication,
with an excellent opportunity to attract direct foreign investment/crowdfunding [90] from
the perspective of climate finance funding under the climate change agenda. The proposed
circular economy model has great potential to support the government of Pakistan with
the raising of 5.5% of the annual budget amount, and surplus/additional revenue can be
utilized to pay off the nation’s foreign debt, i.e., 21% of GDP by 2032 under the proposed
“Debt for Waste Swaps” national campaign. However, future research is required to
design a sustainable recycling model for diaper waste management in urban areas of
low-income countries such as Pakistan, as handling diaper waste is a growing concern
for municipalities.
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