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Abstract Iran has been seeking to develop fully func-

tional waste management strategies to address the problem

of its rapidly growing cities. This requires proper evalua-

tion to determine the most appropriate strategies to meet

the goals of sustainable waste management. Environmental

Impact Assessment is capable of contributing towards this

goal. However, such assessments tend to involve a quali-

tative approach in the evaluation of the sustainability or

unsustainability of potential options. Therefore, a suit-

able quantitative approach to evaluate sustainability/un-

sustainability is necessary. The paper applies a

mathematical model to evaluate the sustainability of

unmitigated options for a municipal solid waste disposal

site in Tabriz, Iran. This was based upon rapid impact

assessment matrix evaluation of the options. The model’s

application determines whether the options are sustainable

or unsustainable. The model application results indicate

that all of the options were considered as unsustainable in

an unmitigated state. The results for Tabriz were then

compared and contrasted with results obtained by the

authors for another MSW disposal site near Tehran. Based

on this, there are questions as to the potential value of

current waste management strategies. The paper concludes

by stating that economic costs are the largest single barrier

to achieving sustainable waste management. Furthermore,

it is important to develop solutions which disposes and

manages waste in a manner conducive to the long-term

sustainability of the environment–human relationship.

Keywords Mathematical model � Rapid impact

assessment matrix � Sustainability science � Waste

management

Introduction

Waste management in Iran

One of the biggest environmental problems for local

authorities in Iran is the production and containment of

urban waste. This is due to the lack of proper waste man-

agement practices, which always results in negative

impacts. Impacts caused include those related to: human

health; water resources; fisheries; agriculture; tourism;

trade; and food security. In developing countries, such as

Iran, open dumping is the most common approach used in

rapidly growing cities, because it is the least expensive to

implement (Wang and Nie 2001; Troschinetz and Mihelcic

2009).

Solid waste can impact the environment in various ways

and depending upon how it is managed. Integrated solid

waste management using the 3R approach (reduce, reuse

and recycle) has become a common and essential approach

for policy makers and practitioners. This approach covers

all aspects of waste generation and management from:

collection through segregation; transportation; treatment;

and disposal. Therefore, this minimizes the amount of

waste from generation to disposal (Memon 2010; UNEP

2011).

In the recent years, municipal solid waste (MSW) has

been one of the most important environmental concerns
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throughout regions of Iran (Gholamalifard et al. 2014).

Most of the landfills in northern Iran are primarily open

dumps without leachate or gas recovery systems. The

landfills therefore operate below the recommended stan-

dards for sanitary practice (Chaudhary 2008). They also

tend to be located in ecological or hydrologically sensitive

areas. Iran’s Department of Environment has identified

improvements to the overall performance of the MSW

system as one of its strategic priorities. For sound MSW

management to occur, it requires reliable data concerning

the current state of MSW in an area. To this end, Has-

sanvand et al. (2008) collected and analysed data from

various municipal regions, to determine the current situa-

tion of MSW management in Iran on a range of issues.

These included: average rate of waste generation; physical

composition of waste; and types of disposal methods used.

Hassanvand et al.’s (2008) results showed that the total

MSW generated in all of Iran’s municipal regions was

10,370,798 tons/year. This equates to an average genera-

tion rate of 0.64 kg per person/day. Furthermore, only 6 %

of MSW was recycled, 10 % was treated at organic waste

(composting) plants, and about 84 % were disposed in

landfills. Hassanvand et al. (2008) then went onto compare

the composition of MSW in Iran to other countries. This

highlighted the fact that Iran’s situation was consistent with

those experienced in low-income countries.

The majority of MSW generated in Iran is organically

based. Therefore, there is a significant potential to use

composting. However, the current level of MSW services

provided in Iran varies significantly. The most significant

problems are experienced in large and intermediate urban

areas. Iran’s smaller cities currently only have the most

basic waste management services.

There has been considerable progress in some of the

largest cities in recent years. Waste collection has gone

from manual carts to a fully functional waste manage-

ment system. One such city seeking a functional waste

management system is Tabriz. To achieve this goal, an

EIA evaluation of the available waste management

options for Tabriz was conducted. Based on this EIA,

the authors of this paper conducted further analysis, to

ascertain the potential sustainability or unsustainability

for proposed (unmitigated) options for the Tabriz MSW

disposal site. From this, the best potential option for

sustainable municipal waste management in Tabriz will

be indicated.

Tabriz MSW disposal site

Tabriz is the largest industrial city in North West of Iran

(see: Fig. 1), with a population of approximately 1.6 mil-

lion. The city currently generates 1200 tons/day of waste,

which equates to an average of 0.71 kg per person/day.

The waste is currently disposed at the Tabriz MSW dis-

posal site using an open dumping approach.

In total, 70 % of the total waste processed at the site is

wet wastes. This predominantly consists of wastes from

domestic activities and very small quantities from

Fig. 1 Location map for Tabriz, Iran
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commercial, industrial and other activities. Because of the

open dumping method used, uncontrolled accumulation of

wastes is generated which are dumped into a valley. This

has consequently caused numerous detrimental impacts to

the local environment and community to occur.

The most significant impacts are from leachate genera-

tion and contamination and air pollution. Significant

quantities of leachate are generated because of wastes

degrading which have a high moisture content. The lea-

chate infiltrates through the natural barrier underneath the

dumpsite into existing dents or constructed ponds, where it

resides without any treatment. This is because of the lack

of membranes or geotextiles to prevent leachate penetra-

tion. As a consequence, the leachate contaminates the soil

and groundwater. The other significant impacts are from

odours and greenhouse gas emissions because of the

exposure of the wastes to the open environment. This

exposure causes the waste to degrade and decompose

through physio-chemical and biological processes. This has

resulted in spontaneous combustion of wastes because of

the gases produced, which includes methane.

Outline of study

This paper intends to apply a revised mathematical model

(re: Phillips 2015) to the original results of an Environ-

mental Impact Assessment (EIA), as conducted by Taheri

et al. (2014) using the rapid impact assessment matrix

(RIAM) method. The EIA for the Tabriz MSW disposal

site evaluated the environmental and anthropospheric

impacts of four potential (unmitigated) options for waste

disposal and management. The purpose of applying the

model to the RIAM evaluation was to determine the sus-

tainability or unsustainability of these options. From this,

the best potential option for sustainable municipal waste

management in Tabriz will be indicated. The study

occurred at the authors’ current affiliated institutions

between April and August 2014.

Materials and methods

Mathematical model of sustainability

The model fundamentally consists of the following key steps

in relation to its application to the RIAM: (1). obtain relative

ES scores and totals for the designated parameters and cat-

egories for each option; (2). calculate indicated values for the

Environment (E) and Human Needs and Interests (HNI) for

each option; (3). determine whether sustainability or

unsustainability is occurring based upon obtained values of E

and HNI for each option; and (4). if sustainability (S) is

deemed to be occurring, determine the indicated S value and

S level for the option. A simplified methodology is provided

in Fig. 2, showing the steps for applying the model to the

RIAM methodology. This is based upon revisions of the

model’s mathematics and application, as stated in Phillips

(2015). An example calculation, demonstrating the model’s

application to the RIAM results for open dumping (Option

1), is provided in Table 1.

The model fundamentally states that for sustainability

(S) to be deemed as occurring, the obtained indicated value

of E must be greater than the obtained indicated value of

HNI. This means that the potential obtained value of S

would occur within a range of 0.001–1.000. Where the

obtained value of E is less than the obtained value of HNI,

then this indicates unsustainability.

In respect of the RIAM evaluation, conducted by Taheri

et al. (2014) for the Tabriz MSW disposal site, four options

for waste management were evaluated. These were: (1).

open dumping (the current method); (2). sanitary landfill;

(3). composting; and (4). recycling. The options were

evaluated in an unmitigated state—this means the option’s

unaltered state/condition before the implementation of an

environmental management plan (EMP). Therefore, there

is an opportunity to evaluate the impact of humans upon

the environment, in relation to developing options for

sustainable waste disposal and management.

Results and discussion

Overview of results

The original ES values obtained by Taheri et al. (2014) are

shown in Table 2. Table 2 also includes the relative ES

values obtained, as part of the model application to the

RIAM results (Fig. 2a, Step 4).

Table 3 shows the final model results for the unmitigated

options at Tabriz MSW disposal site. As indicated, all of the

options in the unmitigated conditions were deemed to be

unsustainable. In the case of open dumping, this was to be

expected. However, why this is the case for the potential

alternatives of sanitary landfill, composting and recycling,

needs to be explored further. Therefore, it is necessary to

contrast the model’s results to the original RIAM results

(Tables 3, 2, respectively). This will explain as to why all of

the options were indicated to be unsustainable.

Analysis of results

Option 1: open dumping

The obtained E-value was 0.250, and the obtained HNI-

value was 0.585 (Table 3). This indicates that the option is

unsustainable, as the value of E is less than the value of
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HNI (Fig. 2b, Step 7). The reasons for this are highlighted

in Table 2.

Of the 38 categories evaluated (Table 2), 30 were

evaluated with negative ES values. Of these 30 categories,

21 had ES values of -27 or greater. The majority of the

negative impacts occurred within the PC and BE categories

and contained the most significant negative impacts. Only

topography and land-use shape (PC9) was evaluated as not

having a negative impact, with an ES value of 0 (zero)

which indicated no change. The only positive impacts from

the option occurred in relation to Job opportunities (SC9)

and Revenues generated (EO1).

The significant negative impacts upon the environment,

coupled with the high impact of human needs and

activities, explain for why the corresponding E and the

HNI-values were obtained. The option, in an unmitigated

state, causes significant damage to the local environment–

human system. As a result, this damages and degrades the

long-term sustainability of the environment–human rela-

tionship. Even with an EMP in place, it is doubtful that the

situation could be remedied so that it is conducive with

sustainability. This is because of the significant economic

costs of management. Furthermore, the negative environ-

mental impacts, in respect of odours, dust, leachate, etc.,

would still continue to a significant degree.

Option 2: sanitary landfill

This option had an obtained E-value of 0.383 and an

obtained HNI-value of 0.534 (Table 3). This was an

improvement compared to Option 1, but still indicated

bFig. 2 Model application methodology to the RIAM, based on

Phillips (2015). a Steps 1–6 and b Steps 7–11

Table 1 Example model calculation for Option 1 (open dumping) for the Tabriz MSW disposal site

Stage Action Outcome

(a) Determination of

components of S

(1) Components of E (Step 2) A = PC1, PC4-6, PC10

B = BE1-7

H = PC2, PC3

L = PC8, PC9

(2) Components of HNI (Step 2) HNI = SC1-10; EO13-11

(3) Determination of maximum possible

score for E and HNI components (Step

4)

PCmax = 10 9 216 = 2160

BEmax = 7 9 216 = 1512

SCmax = 10 9 216 = 2160

EOmax = 11 9 216 = 2376

Emax = PCmax ? BEmax = 2160 ? 1512

HNImax = SCmax ? EOmax = 2160 ? 2376

(b) Evaluate S for

option 1—open

dumping

Phillips (2015)

S ¼
P

EP
Emax

� �

�
P

HNImax�
P

HNIP
HNImax

� �� �

� E � HNI

For RIAM

S ¼
P

PCþ
P

BEP
PCmaxþ

P
BEmax

� �

�
P

SCmaxþ
P

EOmaxð Þ�
P

SCþ
P

EOð ÞP
SCmaxþ

P
EOmax

� �� �

(1) Calculate E (Step 5) Determine E within range 0 B E B 1

E ¼
P

PCþ
P

BEP
PCmaxþ

P
BEmax

� �

! E ¼ 485 þ 432

2160 þ 1512

� �

E ¼ 0:250

(2) Calculate HNI (Step 6) Determine HNI within range 0 B HNI B 1 (Step 4a–b)

HNI ¼
P

SCmaxþ
P

EOmaxð Þ�
P

SCþ
P

EOð ÞP
SCmaxþ

P
EOmax

HNI ¼ 2160 þ 2376ð Þ � 786 þ 1086ð Þ
2160 þ 2376

HNI ¼ 0:585

(3) Determine whether S occurs and report

findings (Step 7)

E = 0.250; HNI = 0.585

Result As the calculated value of E is less than/equal to the calculated

value for HNI, this implies that the project option being evaluated is

potentially unsustainable
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Table 2 The ES values for options at the Tabriz MSW disposal site

Components Option 1—open

dumping

Option 2—sanitary

landfill

Option 3—

composting

Option 4—

recycling

Environmental

score (ES)

Environmental

score (ES)

Environmental

score (ES)

Environmental

score (ES)

Original Relative Original Relative Original Relative Original Relative

aThe PC and BE components

PC1 Air pollution, greenhouse gas emissions and

other toxic gases

-108 0 -54 54 -27 81 -27 81

PC2 Surface water pollution -81 27 -36 72 0 108 -18 90

PC3 Leachate and groundwater contamination -81 27 -27 81 -27 81 -27 81

PC4 Noise pollution and nuisance noises -28 80 -7 101 -7 101 -4 104

PC5 Dust -81 27 -36 72 -14 94 -18 90

PC6 Odour emissions -36 72 -9 99 -7 101 0 108

PC7 Hazardous wastes entering the environment -108 0 -54 54 21 129 21 129

PC8 Soil instability and erosion -54 54 -27 81 0 108 0 108

PC9 Topography and land shape 0 108 -7 101 0 108 0 108

PC10 Changing in microclimate -18 90 -18 90 0 108 -12 96
P

PC 485
P

PC 805
P

PC 1019
P

PC 995
P

PCmax 2160
P

PCmax 2160
P

PCmax 2160
P

PCmax 2160

BE1 Soil quality and fertility -54 54 -18 90 10 118 0 108

BE2 Vegetation -36 72 -18 90 -18 90 -9 99

BE3 Animal Population -36 72 -18 90 -18 90 -18 90

BE4 Biodiversity -72 36 -27 81 -27 81 -27 81

BE5 Wildlife -27 81 -27 81 0 108 0 108

BE6 Life cycle -81 27 -27 81 42 150 54 162

BE7 Plant and animal habitats -18 90 -18 90 0 108 -7 101
P

BE 432
P

BE 603
P

BE 745
P

BE 749
P

BEmax 1512
P

BEmax 1512
P

BEmax 1512
P

BEmax 1512

Components Option 1—open

dumping

Option 2—sanitary

landfill

Option 3—

composting

Option 4—recycling

Environmental

score (ES)

Environmental

score (ES)

Environmental

score (ES)

Environmental

score (ES)

Original Relative Original Relative Original Relative Original Relative

bThe SC and EO components

SC1 Aesthetics -42 66 -14 94 28 136 28 136

SC2 Communities living near landfill -27 81 -18 90 -7 101 -9 99

SC3 Public health -54 54 18 126 36 144 36 144

SC4 Public acceptance -21 87 7 115 14 122 14 122

SC5 Development and housing projects

near landfill

-14 94 -7 101 7 115 7 115

SC6 Density and population growth -21 87 -14 94 -14 94 -7 101

SC7 Tourism -42 66 -28 80 0 108 0 108

SC8 Current land uses around landfill -54 54 -9 99 -7 101 -7 101

SC9 Unemployment and creating job

opportunities in the region

8 116 8 116 16 124 16 124

SC10 Life quality of local people -27 81 9 117 28 136 28 136
P

SC 786
P

SC 1032
P

SC 1181
P

SC 1186
P

SCmax 2160
P

SCmax 2160
P

SCmax 2160
P

SCmax 2160
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unsustainability as the E-value was less than the HNI-value

(Fig. 2b, Step 7). The improvement in the E- and HNI-

values, compared to Option 1, was ?0.113 and -0.051,

respectively. As shown in Table 2, the majority of the

impacts continue to be negative in nature, which explains

why the option is indicated as unsustainable.

Whilst the severity of negative impacts decreased, there

were still a considerable number of parameters with

Table 2 continued

Components Option 1—open

dumping

Option 2—sanitary

landfill

Option 3—

composting

Option 4—recycling

Environmental

score (ES)

Environmental

score (ES)

Environmental

score (ES)

Environmental

score (ES)

Original Relative Original Relative Original Relative Original Relative

EO1 Revenues of local communities from

landfill activities

4 112 4 112 24 132 24 132

EO2 Costs involved during the process of

dumping to private land

-24 84 -24 84 -24 84 -24 84

EO3 Costs of transferring waste to landfill -7 101 -7 101 -7 101 -7 101

EO4 Costs of paying the workers’ rights -7 101 -7 101 -7 101 -7 101

EO5 Costs of administrative, operating and

maintenance

-28 80 -28 80 -28 80 -14 94

EO6 Costs of providing public health -28 80 -28 80 -28 80 -28 80

EO7 Costs involved in recycling and reuse

of municipal solid wastes

0 108 0 108 -12 96 -12 96

EO8 Revenues from recycled and reused

municipal solid waste

0 108 0 108 30 138 45 153

EO9 Costs for the collection of leachate 0 108 -14 94 -14 94 -14 94

EO10 Costs for the composting 0 108 0 108 -12 96 0 108

EO11 Revenues of composting 0 108 0 108 30 138 0 108
P

EO 1098
P

EO 1084
P

EO 1140
P

EO 1151
P

EOmax 2376
P

EOmax 2376
P

EOmax 2376
P

EOmax 2376

Table 3 Obtained model results for Tabriz MSW disposal site

Option 1 (open dumping) Option 2 (sanitary landfill) Option 3 (composting) Option 4 (recycling)

Relative ES
P

PC 485 805 1019 995
P

PCmax 2160 2160 2160 2160
P

BE 432 603 745 749
P

BEmax 1512 1512 1512 1512
P

SC 786 1032 1181 1186
P

SCmax 2160 2160 2160 2160
P

EO 1098 1084 1140 1151
P

EOmax 2376 2376 2376 2376

Model
P

E 0.250 0.383 0.480 0.475
P

HNI 0.585 0.534 0.488 0.485

Sustainable/unsustainable E B HNI $ S B 0 E B HNI $ S B 0 E B HNI $ S B 0 E B HNI $ S B 0

Unsustainable Unsustainable Unsustainable Unsustainable

S value – – – –

S level – – – –

Int. J. Environ. Sci. Technol. (2016) 13:1615–1624 1621

123



detrimental impacts indicated. There were some positive

impacts in relation to: Public acceptance (SC4); Job

opportunities (SC9), Life quality of local people (SC10);

and Revenues generated (EO1). Impact management and

mitigation may further improve the situation, particularly

in relation to environmental aspects and some social

aspects. However, management and mitigation is costly,

and it is unclear whether or not the cost–benefit ratio for

this option would make it viable.

Nevertheless, from the sustainability perspective, the

option is not viable, even if a management plan was in

place. This is because in order to make the option sus-

tainable in the long term, it would require a very significant

EMP. Whilst this may improve the environmental and

social benefits to the local area, it would be at a significant

economic cost. This cost would be in relation to imple-

mentation and maintenance to the required standards nec-

essary, as well as having no or little tangible economic

benefit to local community.

Option 3: composting

The obtained E-value for this option was 0.480, and the

obtained HNI-value was 0.488 (Table 3). This consequently

indicated unsustainability as the E-value was less than the

HNI-value obtained (Fig. 2b, Step 7). Of all the options

evaluated, this had the best E-value obtained. However,

because of the continuing level of human impacts indicated

in the HNI-value, the E-value was not at a level sufficient to

produce a result indicating sustainability.

Compared to Option 2, there is a significant improvement

in the E-value of?0.097, representing an increase of 25.3 %.

There is also a change in the HNI-value of-0.046 compared

to Option 2, indicating a slight overall decrease in the

impacts caused by human activities. However, the moderate

E-value and high HNI-value is a cause for concern, partic-

ularly for a stated environmentally beneficial method.

Table 2 indicates that the HNI-value was high because of

a significant number of negative values in the EO category.

Whilst the option does have benefits in terms of revenue

generation, as indicated in the positive values obtained for

EO1, EO8 and EO11, the remaining parameters associated

with costs are negative. If the relevant parameters are added

together, cost-based parameters (EO2-7, EO9-10) have an

original ES score of -132, and revenue-based parameters

(EO1, EO8, EO11) have an original ES score of ?84.

Taking account that within the EO category costs have eight

parameters, and revenues have three parameters—this still

indicates that the potential economic costs outweigh the

potential economic benefits. However, the costs of the

option are offset by some positive environmental and social

impacts indicated in Tables 2 and 3.

The most significant positive impacts were in relation to:

Life cycle (BE6); Public health (SC3); Life quality of local

peoples (SC10); and Aesthetics (SC1). The most significant

negative impacts were in relation to: Biodiversity (BE4);

Air pollution and greenhouse gases emissions (PC1); and

Leachate and groundwater contamination (PC3). A proper

structured EMP should be able to remedy these issues—

however, at what cost given the previously highlighted

issues? It would appear that for sustainability to be a

potential reality, some form of rigorous economic cost

control and management is required. It may be that the

design and implementation of the option is the issue.

Therefore, the option would require revision and re-eval-

uation in both an unmitigated and mitigated state. How-

ever, it may be that management may resolve not only the

environmental and social impacts, but also the impacts on

economic costs. This is uncertain until a management plan

is produced and then evaluated using the RIAM and the

model. This would provide the opportunity to compare and

contrast the unmitigated and mitigated results obtained.

Option 4: recycling

The obtained E-value for this option was 0.475, and the

obtained HNI-value was 0.485 (Table 3). This indicated

that the option was unsustainable as the E-value was less

than the HNI-value (Fig. 2b, Step 7). The option has the

best HNI-value calculated, indicating reduced impacts

from human activities. However, this was only marginally

compared to Option 3. The E-value showed a slight

decrease compared to Option 3, indicating slight increase

in negative impacts upon the environment. Tables 2 and 3

indicate that similar impacts are evident for this option, as

previously outlined for Option 3. These impacts are: eco-

nomic costs; air pollution; leachate generation; and

biodiversity.

Compared to Option 3, some impacts have improved or

have reduced impacts—for example: Life cycle (BE6);

Revenues from recycled and reused MSW (EO8); and

Density and population growth (SC6). The option has

however increased negative impacts indicated for: Surface

water pollution (PC2); Dust (PC5); and Soil quality and

fertility (BE1). Proper management should remedy the

issues of negative and no change impacts. However,

whether this can be achieved at an acceptable economic

cost is not clearly established.

Key factors of unsustainability

The results have indicated various reasons for the unsus-

tainability of all of the options evaluated. The options were

evaluated in an unmitigated state—without an EMP, and it
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is not necessarily surprising that some or all of the options

were indicated as unsustainable.

In the case of open dumping (Option 1), this would still

detrimentally impactful both environmentally and socioe-

conomically upon the local area, even if managed. Option 2

(sanitary landfill) has indications of significant detrimental

impacts, which may prove uneconomic in terms of effec-

tive management. Options 3 and 4 (composting and recy-

cling, respectively) indicated potential in relation to their

environment and social benefits. However, the issues sur-

rounding economic costs represent a significant drawback

in respect of Options 3 and 4. Therefore, economic costs

represent the singular biggest barrier in achieving sustain-

ability for Options 2–4.

If costs could be properly managed, then it is possible

that sustainability could be achieved. However, this would

only be at a very weak level. Whilst management should

provide improved environmental and social benefits, there

would be a financial cost to achieve this. Both Options 3

and 4 are fully capable of producing a revenue stream

which can be used to offset the costs incurred. However,

this is insufficient without one or more of the following:

further revenue generation; improved cost control; a re-

design of the option; and/or the use of another method(s).

Compare and contrast results

Whilst the options evaluated were in unmitigated state, the

results have raised some potential questions concerning the

environmental and social credentials of composting and

recycling. Both of these options in an unmitigated state

were indicated to be unsustainable. This contradicts the

widely held view that they are not only environmentally

and socially beneficial, but also contribute towards sus-

tainable development. The phrase ‘‘reduce, reuse and

recycle’’ has been entrenched into the public conscience,

ever since the publication of the Brundtland report ‘‘Our

Common Future’’ (WCED 1987). However, the results for

Tabriz appear to contradict the potential benefits of com-

posting and recycling. If compared to another waste dis-

posal site near Tehran, evaluated by the authors in a

separate study (Gholamalifard et al. 2016), then the issues

raised become clearer to understand.

Table 4 indicates that the Tehran site has overall better

E-, HNI- and S-values for similar unmitigated options

compared to Tabriz. It should be noted that for Tehran, a

fourth alternative of incineration was also assessed. How-

ever, this was not included in Table 4 as incineration was

considered as not a viable option for Tabriz.

The three evaluated alternatives for Tehran to open

dumping, using the same current method for Tabriz, all

achieved values indicating sustainability. In the case of

Tehran, economic costs were far less impactful upon

achieving sustainability. Furthermore, a key issue in the

results obtained for the alternatives was the dominance of

no change ES values (ES = 0) in the evaluated parameters.

This indicates no improvements or decreases in potential/

actual impacts. Therefore, it would seem to be a reasonably

undesirable situation for sustainability. However, com-

pared to Tabriz, it represents a significant improvement

environmentally, socially and economically. Thus, it would

appear that Tabriz could learn from Tehran as to how to

manage and process waste effectively.

The fact that both composting and recycling, in the case

of Tabriz and Tehran, are indicated as borderline sustain-

able/unsustainable, is a matter of concern. Both options are

Table 4 Model application results for Tabriz compared to the options for a MSW disposal and processing site near Tehran (Gholamalifard et al.

2016)

Open dumping Sanitary landfill Composting Recycling

Tabriz
P

E 0.250 0.383 0.480 0.475
P

HNI 0.585 0.534 0.488 0.485

Sustainable/unsustainable E B HNI $ S B 0 E B HNI $ S B 0 E B HNI $ S B 0 E B HNI $ S B 0

Unsustainable Sustainable Sustainable Sustainable

S value – – – –

S level – – – –

Tehran
P

E 0.430 0.518 0.519 0.511
P

HNI 0.531 0.475 0.475 0.480

Sustainable/unsustainable E B HNI $ S B 0 E C HNI $ S C 0 E C HNI $ S C 0 E C HNI $ S C 0

Unsustainable Sustainable Sustainable Sustainable

S value – 0.043 0.044 0.031

S level – Very weak Very weak Very weak
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considered to be, and are stated as, sustainable by their

proponents. However, the results indicate that they are only

potentially sustainable with an effective EMP and cost

management strategy in place.

Recycling has been much vaunted as necessary to pre-

serve environmental resources and prevent further impacts

upon the environment. However, the results suggest that

recycling is far from the sustainable option stated. Recy-

cling appears to have just as many problems and impacts as

landfills without proper environmental management in

place. Therefore, there are questions concerning how waste

disposal and management can be undertaken in a way

conducive towards achieving sustainability. This requires

how to recycle waste through the effective management of

reducing impacts and the economic/financial costs

involved.

In all of the options in an unmitigated state highlighted,

for both Tabriz and Tehran, there are significant issues

concerning their unsustainability or sustainability. This is

matter for all to be concerned with. It only stresses the

importance of developing improvements in technique and

process to manage waste in a sustainable way—through a

co-evolutionary relationship between the environment and

humans.

Conclusion

This paper has applied a revised mathematical model to the

original RIAM results of Taheri et al. (2014). This was

conducted in order to determine the potential sustainability

or unsustainability of four unmitigated options at the

Tabriz MSW disposal site in Iran.

The results indicated that none of the options in the

unmitigated state were sustainable. Of the three alterna-

tives being considered for Tabriz MSW disposal site—

sanitary landfill, composting and recycling, all would

require a substantial management plan to make them sus-

tainable. The issue of operational and management costs,

particularly in relation to composting and recycling, was

identified as a significant barrier towards achieving and

maintaining sustainability. The results for Tabriz were then

compared to currently unpublished research on a MSW

disposal and processing site near Tehran, conducted by the

authors. The results have overall indicated that there are

significant questions, specifically concerning the potential

value of current techniques available for achieving sus-

tainable waste management.
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