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_ The increase in Solid waste has been generated as a result of rapid population
55"/%62';’266’232 growth and increasing urbanization. A one-dimensional waste management
Received in revised form: system has had negative environmental consequences as well as increased costs.
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Publisher online: futures research sought to identify the key indicators influencing the Integrated
22106/2022 Solid Waste Management (ISWM) model in order to develop waste

management scenarios for Mashhad. The study's statistical population included
25 experts (Mashhad Waste Management Organization (MAP)) and specialists
(academic). Then, using MicMac, 10 indicators were identified as key drivers
out of 23 effective indicators. Possible scenarios for urban waste management
based on Integrated Solid Waste Management (ISWM) for Mashhad were
identified by formulating 30 uncertainty hypotheses for the drivers using a cross
impact matrix and ScenarioWizard. According to the findings, there were 59048
possible scenarios, with only 5 having high compatibility and being more likely
to occur. The first and second scenarios, which received a total score of 167 and
149 as probable favorable scenarios, respectively, provided promising
conditions for the future of waste management in Mashhad. The third, fourth,
and fifth scenarios were identified as critical (unfavorable) scenarios, indicating
unfavorable conditions for the future of waste management in Mashhad. Finally,
the first scenario was identified as the most desirable scenario, while the fourth
scenario was identified as the most critical (unfavorable) scenario for the
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Extended Abstract

Introduction

Economic growth has led to dynamic development of cities. It is predicted that three-fourths of the world
population will lead an urban life by 2050. Rapid growth of population and urbanization as well as increased
welfare and consumerism have risen the waste volume. Waste generation in cities currently occurs faster than
urbanization. Poor management of wastes has significantly affected public health and economy. Current waste
management methods mostly depend on the elements of the management system (collection, transportation,
recycling, and ultimate disposal), which lack the efficiency required to reduce waste generation and its
destructive effects on environment at local and global levels. A major concern of urban management systems is
to have an efficient and effective waste management system — a sustainable one that reduces waste generation,
decreases collection costs, increases recycling, reusing, and energy production, lessens the disposal of wastes,
is economical, and has the minimum environmental effects. One of such models is the Integrated Solid Waste
Management (ISWM) system designed to reduce economic costs and environmental impacts of wastes.

Study Area

The city of Mashhad, the capital of Khorasan Razavi Province, in northeastern Iran, has an area of 213 square
kilometers, a population of 3,001,184 and is the second largest city in Iran. A total of 2052 tonnes of waste is
generated in Mashhad on a daily basis, out of which 11% is source-separated, 18% recycled, and 71% disposed
of. A unilateral approach and a great emphasis on a single part of the whole waste management system is a
fundamental problem in waste management of Mashhad. Destructive environmental effects and management
costs of wastes are annually intensified due to the increasing volume of wastes and application of current
methods. In addition to proposing the ISWM system, this research presented scenarios by identifying
uncertainties and strategic driving forces affecting the future of waste management in Mashhad and by
developing best-case, worst-case, and base-case scenarios.

Material and Methods

This research used foresight, scenario planning, and cross-impact analysis, based on a mixed (quantitative-
qualitative) method. After examining library documents and consulting with the statistical population, 23
indices were selected as the main indices affecting the ISWM system. The statistical population measured the
indices based on their cross impact using a cross-impact matrix with a range from 0 to 3. Scores were then
entered into the matrix, and the cross impact of each index with other ones was examined using MicMac (a
foresight software). According to the index analysis, 10 out of 23 were selected as the key driving indices. To
develop scenarios by ScenarioWizard, 3 probable states (uncertainties) were defined for each 10 key driving
forces. A questionnaire in the form of a balanced cross-impact matrix was used to measure the significance of
these indices, scaling from -3 to +3 (-3: strong restricting impact; -2: moderate restricting impact; -1: weak
restricting impact; 0: no impact; +1: weak strengthening impact; +2: moderate strengthening impact; +3: strong
strengthening impact). Base-case scenarios were developed and classified according to the entered scores and
the analysis on compatibility of indices. Finally, the probable best-case and worst-case scenarios were selected.

Result and Discussion

The results showed that among all examined indices, population was the determining index in waste
generation; training had the highest effect; environmental pollution was maximally affected; and economic-
financial indicator and participation had greater cross-impact on the future of waste management in Mashhad.
Afterwards, the development of base-case scenarios indicated that there are 5 scenarios for future waste
management in Mashhad, with high compatibility and high probability of occurrence. In the said scenarios,
there are no incompatible balance effects, and the probable assumptions are compatible. The first and second
scenarios were identified as the best-case, and the third, fourth, and fifth scenarios as the worst-case. The
results revealed that realization of unideal uncertainties in these scenarios is more probable (52%) than that of
ideal states. This means that the worst-case scenarios are highly likely to occur in waste management of
Mashhad if the status quo remains. Therefore, realization of the best-case scenarios appears as a necessity to
implement the ISWM system in Mashhad since failure of each scenario prevents the realization of the next
model. Moreover, it is strictly emphasized to pay attention to some descriptors that have a strong cross-impact
in realization of the best-case scenarios.
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Conclusion

Therefore, Among the most important descriptors in realization of the best-case scenarios about the future of
waste management in Mashhad, we can refer to the following: economic-financial descriptor whose high cross-
impact compared to other ones is indicative of its particular significance, contributing in developing and
sustaining the integrated management system, establishing infrastructures and facilities for private sector
investment, providing sustainable sources of income, and reducing costs. In contrast, unsustainability of
financial sources and economic conditions has the highest effect on changing the priorities of urban
management planning for wastes, and increases the probability of occurrence of worst-case scenarios.
Moreover, the descriptor “training” plays an essential role in building capacity in, empowering, and informing
citizens; realizing waste management plans; increasing participation; and keeping the system sustainable.
Public participation contributes in sustainability, integration, and coordination of all stakeholders, reduction of
waste generation, and realization of strategic plans. Furthermore, authorities and citizens’ level of attention as
well as their environmental concern and awareness contribute in following and changing the consumption
pattern, developing strategic plans, allocating budgets, and collaborating with members of the ISWM system.
As an index determined by real goals, exploitation of a sound strategic plan was found to be highly effective in
increasing the ISWM system efficiency, preventing waste of money and time, and improving the quality of
services, system sustainability, and system flexibility in different conditions to achieve the best-case scenario.
Key words: Municipal Waste, Integrated Solid Waste Management, Scenario writing, Futurology, Mashhad
Metropolis.
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