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Table 5.10: Emissions due to Landfilling over a period of 125 years

tal i CO,-
Total Amount of HCW Total CO;-e Emissions Total Avoided CO;-e Total Landfill
to be landfilled due to escaped CH, Total Produced . . Emissions
Electrici . due to electricity production
ectricity over a period .
] . . A over a period of 125 years .
Scenarios | over a 25 year project over a period of 125 of 125 years over a period of 125
time years * s years
(MWh)
(tonne) (tonnes) (tonne)
(tonnes)
1 407,379 68,068 - 99,038 50,509 17,559
2 407,379 68,068 99,038 50,509 17,559
3 277,397 46,334 67,438 34,392 11,942
4 407,379 68,068 99,038 50,509 17,559

* This calculation is based on the FOD equations and the gas capturing efficiency of the landfill cover; and the conversion of GHGs to carbon dioxide
equivalent was done by using equivalence factors as GWP of CO, is 1 and CH, is 21 (Smith er al. 2001).

** Avoided emissions were offset according to the average national emission factor (0.51 CO2-e kg/ kWh).

**%125 years was used in the model even though cost effective energy generation is probably not possible 25 years after landfill completion.
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While some of these power plants operate as a base-load supply, such as fossil
fuelled power plants; the others are intermediate and peaking plants, whose operation
can be altered to meet the desired load at a given time of day, such as natural gas
plants. As each of the plants have a different level of emissions rate, it is necessary to
account for all these sources in the emission factors. There are mainly two
approaches: (1) The average emission rate, which equals the total carbon equivalent
emissions over total electricity consumption of the grid; and (2) the marginal
emission factor, which excludes the base-load electricity sources and compares
incremental changes that occur in the margin by a project that reduces the demand
for electricity from existing plants (operating margin) or provides new generation

from lower carbon sources than would otherwise be used (build margin).

However the grid operation is extremely complex, determining the sources of
electricity offset by a given project poses a major challenge (Sathaye et al. 2004).
Therefore several methods and models have been developed to simulate the emission
offsets. One approach to estimating average and marginal emission rates for a grid is
to use generation planning models, e.g., Ader, that simulate future grid operation in
order to meet a forecasted hourly load (Rau et al. 2000; Kerr et al. 2002). In the
international scale, the CDM proposes the marginal emission factor to be used in
calculating the contribution of reducing CO, emissions from the grid power (Sharma

and Shrestha 2006).

Nevertheless in the complex nature of the sources in the grid power, specifying the
marginal emission factor is subject to considerable uncertainty in the long-term,
particularly in the electricity sector where it is unclear what type/mix of generation
will constitute the marginal source of electricity supply (Lelyveld and Woods 2010).
For a reasonable assessment of emission reductions, the proper emission factor must
be employed. It is therefore noteworthy to state that the average emission factor was

used in offsetting electricity generation in this project.

The Turkish Statistical Institution (2008) provided the data for the total electricity
generated and supplied in Turkey as 198,418GWh. Furthermore annual GHG
emissions (CO, and CHy) due to electricity production were reported by the Turkish
Ministry of Energy and Natural Resources (2008) as 100,694Gg. By using these

data, a national emission factor for Turkey was calculated as 0.51CO;-¢ kg/ kWh.
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The national emission factor was used where it was necessary to convert electricity

requirement to CO»-e emissions.

The HCW SAT is treated by alternative treatment plants (autoclave, hydroclave or
microwave) prior to landfill. Currently there is no evidence in the literature reporting
the formation of hazardous emissions due to treatment of waste by alternative
_ treatments. However the electricity and the fuel oil required to run these plants

indirectly cause emissions to be released.

Table 5.11 illustrates the electricity and fuel oil requirements of the proposed plants
in the scenarios. The data in Table 5.11 were sourced from the private companies
which were referenced in Table 5.1. These data were used in determination of the

emissions due to alternative treatment and shown by Table 5.12.

Table 5.11: Energy Requirement of Alternative Technologies

Fuel-0il
Capacity Electricity Requirement .
Technology Requirement
(tonne/hour) (kW)
(Litre/tonne)
Fuel Oil Fired
0.450 27.5 15.6
Autoclave

Electrical Autoclave 0.065 29.4* -
Microwave 0.250 80 -
Hydroclave 0.090 364** -

*Requires external boiler and the values includes the electricity requirement of the external

boiler.

*+ “The Hydroclave takes more electricity than the autoclave to heat up initially as it has to
transfer the heat from the outer jacket into the vessel chamber through conduction. Once the
Hydroclave is hot, it will require considerably less energy. The high energy requirement is only
for the first run, and then diminishes. This value represents the worst case scenario, a very cold
Monday morning after the machine been off all weekend. Most of the time, the boiler will be

idle except for the beginning of the day. ” (Wallis 2010).
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Table 5.12: Emissions due to Alternative Treatment over a 25 year project time

Total amount of HCW

to be alternatively

CO;-e Emissions

due to electricity

CO;-¢ Emissions

CO;-e Emissions

Total Emissions

due to Alternative

Alternative due to fuel due to fuel
Scenarios Technology treated over a 25 year requirement to run refining ** burning *** Treatment
project time the facility * .
(tonne) (tonne) over a 25 year project
(tonne) (tonne) time
(tonne)
1 Oil Fired Autoclave 407,379 12,674 763 17,396 30,833
Oil Fired Autoclave 399,261 12,327 742 16,918 29,987
2
Electrical Autoclave 8,118 2,577 - - 2,577
3 Microwave 277,397 45,271 - - 45,271
4 Hydroclave 407,379 75,626 - - 75,626

* Based on the average national emission factor (0.51 CO2-e kg/ kWh).

** As explained in Transport Emissions

~

*#** The CO, emission due to burning of fuel was calculated as 3.2 kg CO, / kg of fuel oil based on the chemical reaction of

2 C;Hy + 7172 0, — 23 H,0 + 24 CO,
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Regarding the emissions due to incineration, the method provided by the
Intergovernmental Panel on Climate Change (IPCC 2006) was implemented; In this
method, only CO; emissions from the incineration of carbon of fossil origin (i.e.
plastics, certain textiles, rubber, liquid solvents and waste oil) needs to be reported,

biogenic CO; emissions from the combustion of wastes are not taken into account.

The calculations of the emissions due to burning of wastes and producing electricity
depending on the calorific value of the HCW are shown in Eq.5.5 and Eq.5.6.
Default values of healthcare waste components and Calorific Values of HCW
Components are shown in Table 5.13 and 5.14 respectively. The data regarding to
the electricity requirement to run the incincrator were sourced from Moynihan
(2010) as 55 kWh/tonne; and the fuel input per tonne of material throughput was
determined as 1.2 kg fuel by Fisher et al. (2006). The emissions due to incineration

were documented in Table 5.15.

CO; Emissions = MSW * I; (WF; * dm; * CF; * FCF; * Of * 44/12)
Eq.5.5: CO; Emissions from Incinerators. Adopted from IPCC 2006
Where;
CO; Emissions = CO, emissions in inventory year,
MSW = total amount of waste as wet weight incinerated (HCW),
WEF; = fraction of waste type/material of component j in the MSW
dm; = dry matter content in the component j of the MSW incinerated
CF; = fraction of carbon in the dry matter (i.e., carbon content) of component j
FCF; = fraction of fossil carbon in the total carbon of component j
OF; = oxidation factor (100% assumed)

44/12 = conversion factor from C to CO;
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Table 5.13: Default Values of HCW Components. Adopted from IPCC 2006

Material % WF, :‘e';j‘i‘;i':; o0 | CR% | FCF (%) }‘gl{j*fgf’j:‘ﬁﬁlj;
Paper, Cardboard 0.15 0.9 0.46 0.01 0.0023
Glass*** 0.15 1.0 NA NA _
Metals*** 0.01 1.0 NA NA _
Plastics 0.14 1.0 0.75 1 0.3850
Blood and blood 0.25 _ NA
products - -
Food waste 0.20 04 0.38 NA _
Textile** 0.10 0.8 0.50 0.2 0.0293
0.4166

* The moisture content given here applies to the specific waste types before they enter the
collection and treatment.

**40 percent of textile is assumed to be synthetic (default).

++* Metal and glass contain some carbon of fossil origin. Combustion of significant amounts of
glass or metal is not common.

DE=CV x ECE x EF x 277.8
Eq.5.6: Incineration Displaced Emissions (Green 2005)
Where;
DE = displaced emissions (kg CO;/tonne of waste)
CV = calorific Value of Waste (GJ/tonne of waste)

ECE = energy conversion efficiency (%) [Assumed to be 20% as stated by Fisher ef
al. (2006)]

EF = national energy emission factor (kg CO2/kWh) (0.51 CO;,-e kg/ kWh)
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Table 5.14: Calorific Values of HCW Components

Components Calorific Values Contribution weight Net Calorific Values
omp (CV)* to incinerator Contribution
GJ/tonne of waste % Gl/tonne waste
component
Paper, Cardboard 11.5 0.15 1.725
Glass 0 0.15 0
Metals 0 0.01 0
Plastics 315 0.14 441
Blood and blood 0 0.5 0
products
Food waste 3.98 0.2 0.796
Textile 14.6 0.1 1.46
Total 8.391
*Net calorific values of the components were sourced from European Commission Waste
Management Options and Climate Change Report [Smith et al. (2001)).

The GHG emission per tonne of healthcare waste was calculated for each of the
scenarios and displayed by Table 5.16. The produced electricity on the landfill sites
and incinerators were assumed to be used in running these facilities. Therefore the
avoided emissions by using the HCW to produce electricity (via landfill gas engines

and incinerators) were subtracted from the sum of the process emissions.

In this section, an overview of the GHG assessment has been provided. For reference
some calculations of GHG emissions from proposed plants were provided, although

it should be noted that these are indicative estimates only.
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Table 5.15: Emissions due to Incineration over a 25 year project time

Total amount of HCW Avoided CO,-e
to be incinerated CO; Emissions | CO,; Emissions CO, Emissions Emissions due CO,-¢ Emissions Total Tnci ‘
due to waste due to fuel due to fuel : due to electricity otal Incineration
i j to electrici .
Scenarios over a 25 year project burning burning* refining** ) ty requirement to Emissions over a 25
time production . year project time
(tonne) (tonne) (tonne) run the facility
(tonne) (tonne) ) (tonne)
(tonne
1 123,806 51,579 470 21 29,436 3,473 26,107
2 123,806 51,579 470 21 29,436 3,473 26,107
3 253,788 105,731 963 43 60,341 7,119 53,515
4 123,806 51,579 470 21 29,436 3,473 26,107

*As explained in the Alternative Technology Emissions Section

** As explained in Transport Emissions Section
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Table 5.16;: CO2-e Emissions of the Scenarios

Emissions CO,-¢ (kg) /tonne of HCW
=
E Total Total Performance
@ € g 5 Emissions | Emissions*
.g 3 'é = E of Scenarios
5 é g E 4 COze COre in terms of
QO ‘c — =
A = .5 g (kg) (tonne) GWP (o/o) *k
2 /tonne of
<
HCW
1 13.7 49.1 33.1 58.0 1539 81,749 100%
2 13.2 49.1 33.1 | 61 .3‘ 156.7 83,237 97%
3 12.7 100.7 22.5 | 852 221.1 117,445 13%
4 6.5 49.1 331 142.3 231.0 122,704 0%

* Based on 531,185 tonne HCW is processed between 2015 and 2040.

** GWP (Global Warming Potential) values were normalised in the [0-100] range for the ease

of comparison of scenarios’ performances in MCDA.

5.4.1.3 Water Usage

The data on water usage for each treatment technology option was supplied by the
companies, which were referenced in Table 5.1, and how much water is required to
operate each treatment technology was illustrated in Table 5.17. The water usage for
each of the scenario was then calculated by using the amount of waste treated in each

treatment technology proposed in the four scenarios were presented in Table 5.18.

5.4.1.4 Landfill Requirement

This is the criterion based on the amount of the HCW (Chapter 4) which requires to
be landfilled after alternative treatment. Since all the HCW which was produced
from the Asian Side is proposed to be incinerated in the Tuzla Incinerator in the
Scenario-3, the landfill requirement in this scenario is less than that of the other
scenarios (Table 5.19).
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Table 5.17: Water Consumption of the Treatment Options

Treatment Water Consumption Source of Reference Reference
Options Litre/hour

Incineration 2,500 Literature Yufit (2010)
Manufacturer:

Autoclave 200 Kaldirimei (2010)

Metan Inc.

Manufacturer:

Microwave * Jasmin (2010)

AMB Ecosteryl Inc,

Manufacturer:

Hydroclave 228 ** Wallis (2010)

Hydroclave Inc.

* Dry heat processes do not use water or steam.

** On average, the steam used per batch is 91kg. However, as noted previously, 97% of this

steam is returned to the boiler. Therefore, water loss per cycle is 2.7kg. This is not included

in the 228L used for the condenser bottle (Wallis 2010).

Table 5.18: Water Consumption of the Scenarios

Total Water Consumption Performance of
) ) i Scenarios in terms
Scenarios over a 25 year project life
of Water
3
(m’) Consumption (%) *

SC1 484,686 100%

SC2 488,761 100%

SC3 634,469 1%

SC4 1,238,338 0%
* Water Consumption values were normalised in the [0-100] range
for the ease of comparison of scenarios’ performances in MCDA.
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Table 5.19: Landfill Requirement of the Scenarios

. . Performance of
Inc-only HCW estimated | HCW SAT estimated to be
Scenarios in terms of
Scenarios | to be produced between produced between 2015-
Landfill Requirement
2015-2040 2040
*
(tonne) (tonne) Yo
SC1 123,806 407,376 0%
SC2 123,806 407,376 0%
SC3 253,788 277,397 100%
SC4 123,806 407,376 0%

* Landfill Requirement values were normalised in the [0-100] range for the ease of comparison

of scenarios’ performances in MCDA.

5.4.1.5 Segregation Requirement

Alternative technologies can only treat the HCW SAT stream. Therefore further
segregatioﬁ is necessary to separate HCW SAT from inc-only HCW if the HCW
management system includes any alternative technology in place. If all the HCW is
planned to be treated in the incinerator, this further segregation is not required to be

undertaken (as it is the case on Asian Side in Scenario-3).

When the dynamics of building new hospitals according to the demand of Category-
1 (chronic) and Category-2 (acute) patients over the projected period is considered,
the number of hospitals is expected to increase on both the European and Asian
Sides (Chapter 4: HCW SD Model). Moreover the number of hospitals which
undertake further segregation is also dependent on the transition period during which
the proportion of the hospitals implementing further segregation relative to the total
number of hospitals increases by 20% starting from 2015 to 2020 (as explained in
Chapter 4). According to the outcomes of HCW SD Model it is estimated that in
Scenario 1,2 and 4 there will be 192 and 81 hospitals undertaking this segregation on
the European and Asian Side respectively on a yearly average basis between 2015

and 2040.
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Further segregation is not required on the Asian Side in Scenario 3 as the proposed
plant is an incinerator (Figure 5.3: Schematic View of Scenario 3). If it is considered
that not stipulating further segregation brings forward more practicality to the
hospitals where healthcare waste occurs in the first place, Scenario 3 has the
advantage of having no further segregation scheme in these 81 hospitals on the Asian
Side compared to other scenarios. The practicality of having less segregation is
represented by the criterion of segregation requirement under the branch node of
“Technical” in the decision tree {for which SC3’s performance in a {0-100] range is
100%, while others are 0% as they are equally lower than SC3}, whereas the
criterion of “training cost” under the branch node of “Economic” stands for the cost
due to training medical staff on how to conduct further segregation {SC3’s
performance on the cost of training in a [0-100] range is 100%, while others are 0%

as they require equally higher cost than SC3}.

It is essential to deliver training courses for the medical personnel who work at the
hospitals which are obliged to conduct further segregation. Providing these training
courses aims to improve quality standards at hospitals along with training the étaff
on how to carry out further segregation in their working environment. Bekci and
Toraman (2011) conducted research in order to identify a range of cost components
in one of the Turkish hospitals, namely Suleyman Demirel Research Hospital. They
determined that delivering training courses required a conference room with a laptop
computer, an air-conditioner and a projector. The study found that the electricity
requirement for lighting the room along with the operating cost of the equipments
was £444 annually based on the assumption that 50 training sessions, 2 hours/each,

were undertaken annually (base year 2010).

They also identified that consultancy service was required from one of the consultant
agencies which costs £566 on an annual basis (base year 2010). As the instructor(s)
who give presentations is/are already medical staff working at hospitals, there is no
additional payment made to them, however it should be noted that this training is
undertaken during staff working hours; hence 100 working hours (50 training
sessions, 2 hours/each) of each personnel is allocated to these courses per year

(allocated hours).
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The cost of training was calculated as £8,666/hospital on average (base year 2010) of
which £1,010 (444+566) was the operating cost of conference equipment and £7,656
was annual personnel cost (allocated hours cost) based on the assumptions: (1) The
number of medical personnel in Istanbul (physicians —including general practitioners
and specialist physicians-, nurses and midwives) per hospital is 25 (Turkish Ministry
of Health 2010); (2) Maximum working hours per week is 45hour/weck (Turkish
Ministry of Labour and Social Security 2004); and (3) The average salary of health
practitioners in Turkey is £7,500 per year.

In comparison to other criteria under the branch node of “Economic”, training cost is
not a serious burden in the healthcare waste management system. It is also because
this cost is paid periodically by hospitals (from hospital budgets) as a part of their
other mandatory payments; it is an absorbed cost and its’ relative weight is not

expected to be high compared to, for example, investment cost.

5.4.1.6 Transport

This criterion was tested by measuring the distances (km/annum) each collection
vehicle was required to travel in each of the scenarios. The results of the transport
schedule (the length of the routes of proposed collection vehicles for each scenario
and the time required for the collection) can be found in Table 5.20 and the

assumptions of this calculation can be found in the Section on Treatment Costs.

5.4.2 Qualitative Criteria

For these criteria to be expressed either a scale could be used or the criteria could be
broken into quantitative sub criteria. For instance, the criterion of social cannot be
expressed as a measureable figure, so it was quantified in terms of “traffic”, “safety”

and “employment”.

5.4.2‘.1 Traffic

This criterion was assessed by measuring the time which was spent by each of the

collection vehicles in traffic according to the transport schedule (Table 5.20).
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Table 5.20: Transport Schedule

% Normalised
European . i
) Asian Side | Total | Valuesin the [0-
Side
100] range
For the node
criteria of
Scenario 1 “Traffic” and
Transport” in
MCDA
Number of vehicles 5 3 8
Number of collection points 314 162 476
Number of routes in week 88 56 144
Distance (km/week) 6,570 5,223 11,793 0%
Total time (h/week) 361 263 024 %
Number of workers 18 12 30
%) Vehicle Capacity usage
) pacilytisag 81% 82% 82%
(%)
Scenario 2
Number of vehicles 5 3 8
Number of collection points 314 162 476
Number of routes in week 88 56 144
Distance (km/week) 6,570 4,769 11,339 T%
Total time (h/week) 361 228 589 13%
Number of workers 18 10 28
%)Vehicle Capacity usage
4 paclty usag 81% 82% 82%
(%) ‘

Please see next page
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. % Normalised
European Asian
. . Total | Values in [0-100]
Side Side
range
Scenario 3
Number of vehicles 5 3 8
Number of collection points 314 97 411
Number of routes in week 88 48 136
Distance (km/week) 6,569 4,381 10,950 14%
Total time (Wweek) 361 165 526 36%
Number of worker 18 8 26
(*4)Vehicle Capacity usage 81% 97%
87%
(%)
Scenario 4
Number of vehicles 15 9 24
Number of collection points 261 134 395
Number of routes in week 50 37 87
Distance (km/week) 3,550 2,088 5,638 100%
Total time (b/week) 216 137 353 100%
Number of worker 10 8 18
¥%)Vehicle Capacity usage -
) pactly isag 61% 70% 65%
(%)

5.4.2.2 Safety

The safety of waste treatment technologies is vital to society. The basic safety for
workers on the site has to be guaranteed first. The results of the Employees’ Health
SD Model (Chapter 4) were used in assessing this criterion and are displayed in

Table 5.21.
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Table 5.21: Estimated Increase in Morbidity and Mortality
Morbidity** Mortality**
Scenarios |  Facilities* % %
Normalised Normalised
Values Values

1 Incinerator 0.04 0.0030

SCr 0.17 100% 0.0043 100%
1 Landfill 0.13 0.0013
1 Incinerator 0.04 0.0030

SC2 0.30 0% 0.0056 57%
2 Landfill 0.13x2 0.0013x2
2 Incinerator 0.04x2 0.0030x2

SC3 0.21 69% 0.0073 0%
1 Landfill 0.13 0.0013
1 Incinerator 0.04 0.0030

SC4 0.30 0% 0.0056 57%
2 Landfill 0.13x2 0.0013x2

Unit is people (cases)

waste is disposed of the landfill on the European Side.

** Mortality and Morbidity values are taken from Chapter 4-Table: 4.16

*  Number of Facilities is based on schematic views of the four scenarios show in Figure 5.1,
Figure 5.2, Figure 5.3 and Figure 5.4. It was assumed that the treated waste via alternative
treatment was disposed of at the landfill site which is on the same side as the alternative

treatment, i.e., if HCW SAT was treated in the autoclave located on the European Side, treated

5.4.2.3 Employment

Waste management facilities create jobs which are beneficial to improve the living

quality of local people. In this criterion, contribution of waste treatment facilities to

job creation was examined (Table 5.22).
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Table 5.22: Number of New Work Positions in Scenarios

T: Technical Personnel NT: Non-Technical Personnel
Total Non-
Alternative Total Technical
Scenarios Incineration | Transport Technical
Treatment Personnel*
Personnel**
% %
T NT | T NT T | NT | Total | Normalised | Total | Normalised
Values Values
SC1 10 60 2 12 - 30 12 0% 102 14%
SC2 11 60 2 12 - 28 13 25% 100 7%
SC3 12 48 4 24 - 26 16 100% 98 0%
SC4 12 96 2 12 - 18 14 50% 126 100%

*Technical staff consists of plant managers, engineers and general managers.

**Non-Technical Staff includes collection vehicle drivers and their helpers; and also employees

who work at the waste plants.

5.4.2.4 Maturity

Measuring the degree of maturity of technologies could refer to how widespread the
technology is at both national and international level. This factor could be related to
the resistance of a technology to failure or the ability of “fail well” (fail without
catastrophic consequences) (Wang et al. 2009). In order to measure this criterion, the

scale which was proposed by Beccali ez al. (2003) was used;
1. Not present on the market at least in an experimental stage
2. Pilot plants
3. Start of market availability
4. Market availability of the technology for less than 10 years

5. Market availability of the technology for more than 10 years
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On a national scale, the experience of Turkey on alternative technologies is very
limited. There are only a few autoclaves, which have been used mostly to treat MSW
for less than 10 years. On the other hand, in the UK (Tudor et al. 2009; Mclntyre
2011), Germany (Hempen 2011), Luxembourg (Thyes 2011), Sweden (Christiansson
2011), Latvia (Gusca 2011) steam based technologies, such as hydroclave and
autoclave, have been used for more than 10 years ago and have recently become
widely used technologies. However the same trend has not been observed for
microwave technology and its usage remains limited within a few European
countries. According to the references above, the scenarios were ranked as below

(Table 5.23);

Table 5.23: Maturity of Scenarios

National International
s . Alternative
cenarios ° : ° :
Technology In Scale "o Normalised In Scale % Normalised

Above Values Abovev Values

SC1 Autoclave 4 100% 5 100%
SC2 Autoclave 4 100% 5 100%

SC3 Microwave 1 0% 4 0%
SC4 Hydroclave 4 100% 5 100%

5.4.2.5 Stability in Cost

This criterion represents the flexibility of technologies in the scenarios to any
unpredictable change in the amount of HCW in the future. For instance, Scenario 4,
which consists of a number of on-site hydroclaves, is the most flexible scenario
compared to other scenarios in responding to any increase in capacity which might

be required in the future.

In order to measure this criterion, the number of treatment units was used in scoring
each scenario; i.e. 6 treatment units in Scenario 1 (Table 5.2: Facilities in Scenario
1), 7 treatment units in Scenario 2 (Table 5.3: Facilities in Scenario 2), 8 treatment

units in Scenario 3 (Table 5.4: Facilities in Scenario 3) and 25 treatment units in
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Scenario 4 (Table 5.5: Facilities in Scenario 4). The normalised values in a [0-100]
range are; 0% for SC1, 6% for SC2, 12% for SC3 and 100% for SC4.

5.5 Assigning Relative Weights to Criteria

The investigation of relative weights according to the stakeholders was conducted by
a questionnaire (Appendix 1). The questionnaire required about 15 minutes to
complete, and primarily consisted of questions which had multiple options. In
designing the questions, a multiple options style was employed in order to

specifically measure how important one criterion was compared to the others.

This sort of design enabled collecting the required type of data in a limited time. The
stakeholders in Turkey were either sent the questionnaire or interviewed if they were
prepared to commit time to do this; and they expressed their judgements by choosing

an option which they thought best represented their own ranking.

The questionnaire was sent to the identified Turkish stakeholders (Chapter 5.1);
namely the Ministry of Environment of Forestry, Provincial Directorate of
Environment and Forestry of Istanbul, Acibadem Private Hospital, Optimet
Company, Turanlar Inc. Company, Istanbul Metropolitan Municipality, Istac
Company, Eracevre Inc. Company and Gebze Technology Institution. The response
came from only; (1) Government Authority; Mrs N, Ozkovalak on behalf of
Provincial Directorate of Environment and Forestry of Istanbul, (2) Academia; Dr S.
Bayar and Assoc. Prof. Dr. G. Engin on behalf of Gebze High Technology Institute
and; (3) Private Sector; Mr C. Esmen (Eracevre Inc.). Although the number of
responders to the questionnaire was limited in number, the received rankings were

valuable in conducting this analysis.

Following the procedure on how monetary values were converted into relative
weights, the weights of each criteria were determined by following the steps of
procedure described in Chapter: 3.3.1.2 Assigning Relative Weights to Criteria,
Table 5.24, Table 5.25, Table 5.26 and Table 5.27 present how this procedure has
been applied to the criteria of Environment, Social, Technical and Economy

respectively.
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Table 5.24: Relative Weighting of Environment

Procedure

Step GWP Water Usage Landfill Requirement
Gov. Aca. | Pri.Se. | Gov. Aca. | Pri.Se. Gov. Aca. Pri.Se.
1 fi (£) £10 £10 £50 10p 50p 50p £2 £2 £4
2 Average of f; £23.3/tonne 37p/m £2.7onne
SC1 and SC4 SC1 and SC4 SC3 and SC1 (or SC2/SC4)
3 Best v Worst Chapter 5: Table 5.16 Chapter 5: Table 5.18 Reference: Table 5.19
40,955 CO,-¢ (tonne) 753,652 m’ 129,982 tonne
4 Monetary Value (£) 954,187 278,851 350,951
5 Relative Weight 60% 18% 22%
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Table 5.25: Relative Weighting of Social

Procedure Social
Step Employment Traffic Safety
Technical Staff Non-Technical Staff Morbidity Mortality
Gov. | Aca. | Pri.Se. | Gov. | Aca | Pri.Se. | Gov. | Aca. | Pri.Se. | Gov. Aca. | PriSe. | Gov. Aca. Pri.Se.
1 &) 2,000 { 2,000 { 20,000 | 1,000 | 1,000 | 20,000 | 2 25 50 | £20,000 | 10,000 { 50,000 | 100,000 | 250,000 | 500,000
Average £26,666/hospital
2 £8,000/person £7,333/person . £26/hour/year o £283,333/death/year
of f; admission/year
) SC4 and SC1
Best SC3 and SC1 SC4 and SC3 SC1 and SC2 (or SC4) SC1 and SC3
Chapter 5: Table
3 v Chapter 5: Table 5.22 | Chapter 5: Table 5.22 50 Chapter 5: Table 5.21 Chapter 5: Table 5.21
Worst
4 people 28 people 14,092 hour/year 0.13 0.0030
Monetary 32,000 205,324 3,467 850
4 lue (£ 366,392
\Y
alue (£) 237,324 4317
Relative 14% 86% 80% 20%
5
Weight 39% 60% 1%
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Table 5.26: Relative Weighting of Technical

Procedure Technical
Step Segregation Requirement Transport Maturity
Nationally Internationally
Gov. Aca. | Pri.Se. | Gov. | Aca. | Pri.Se. | Gov. Aca. Pri.Se. Gov. Aca. Pri.Se.
1 fi (£) £4,000 | £400 £0 £10 | S0p | £10 | £10,000 | £20,000 | £100,000 | £10,000 | £20,000 | £100,000
2 Average of f; £1,467/hospital £6.8/km/year £43,333/one step movement | £43,333/one step movement
SC4 and SC1
Best SC1 (SC2/SC4) and SC3 SC1 (SC2/SC4) and SC3 SC1 (SC2/SC4) and SC3
Chapter 5: Table
3 v Chapter 5: Section 5.4.1.5 520 Chapter S: Table 5.23 Chapter 5: Table 5.23
Worst
81 hospital 320,060km/year 3 unit 1 unit
Monetary Value 129,999 43,333
4 118,746 2,176,408
® 173,332
75% 25%
5 Relative Weight 5% 88%

7%
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Table 5.27: Relative Weighting of Economy

Procedure

Step

Economy

Investment Cost Operating Cost Stability in Cost Cost of Training

Stakeholder’s response to Question 9" is; To save £400,000 investment cost, they accept paying £200,000/year more on
operating costs (Gov.: £400,000, Aca.:£100,000, Pri Se.:£100,000 ). Best v Worst on investment cost is £2.3 million
(SC3:£5.3 million, SC4: £3 million, Chapter 5: Table 5.7) which means that to save £2.3 million on investment cost, they
think it is worth paying £1.15million/year more on operating costs. It results that if relative importance of operating costs is
assumed 1 unit, then the relative importance of investment cost results in 1.3 units from the proportion of 1.5 million to

1.15million.(Best v Worst on Operating cost is £1.5 million/year from Table 5.7)

Stakeholder’s response Question 5™ is; £11,333/year (Gov.:£2,000/year, Academia: £16,000/year and Private Sector:
£16,000/year). The annual cost difference between the most flexible scenario (SC4) and the least one (SC1) is £20,000 year
(Chapter 5: Table 5.7). The proportion of £11,333/year to £20,000/year results in 0.57 unit relative importance on stability in

cost.

Stakeholder’s response Question 8™ is; £6,667/hospital/year (Gov.:£8,000, Academia: £4,000, Private Sector: £2,000). The
annual cost difference between the best (SC1/SC2/SC4) and worst (SC3) is £8,666/hospital/year (Chapter 5.4.1.5 Segregation
Requirement). The proportion of £6,667/year to £8,666/year results in 0.77 unit relative importance on stability in cost.

When they are normalised;

35% 28% 15% 22%
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5.5.1 Weighted Average or Simple Average of Monetary Values?

Fulop (2005) states that in a correct method for synthesising decisions of multiple
stakeholders, the competence of the different actors to the different professional
fields has also to be taken into account. Because of the fact that not all the
stakeholders, in healthcare waste management system, have the equal power in
decision making; the rankings received from the stakeholders should be analysed by
taking a simple average and also by taking a weighted average of these judgements
of stakeholders as recommended by Goodwin and Wright (2004). In order to conduct
analysis by taking a weighted average of their judgements, the questionnaire
included an open ended question (Question 14) which asks the stakeholders to rank

their own influence on the ultimate decision (scale:0 to 10).

The results of the questionnaire showed that the decisions which are made in
healthcare waste management are determined 50% by the government agencies, 21%
by the private sector and 29% by the academia in Istanbul. However when the
relative weights were normalised according to the simple average and the weighted
‘average in the best versus worst scale, it was observed that there is not a considerable
difference between these two set of results (Table 5.28). More importantly when they
were inputted in decision tree models for the analysis, the resultant outcomes do not

differ to any measured extent.

It was emphasised by Goodwin and Wright (2004) that in the case of small groups,
even if we are fortunate enough to identify the best individual estimate, its accuracy
is unlikely to be much better than that of the simple average of the entire group’s
judgements. This claim was also supported by Ashton A.H and Ashton R.H. (1985)
who stated that simple averages produce estimates which are either as good as, or
only slightly inferior to weighted averages. For these reasons, it was assumed in this
project that the stakeholders’ judgements can be regarded as equally influential;
hence in MCDA of this project, simple average of relative weights were used,

- normalised and then inputted as data in the decision analysis software model.
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Table 5.28: Simple Average and Weighted Average of Relative Weights

Simple | Weighted o Simple | Weighted
Branch Node Average | Average Criteria Node Average | Average
Water 18% | 18% . . .
Usage
Environmental Gwp 60% 60% - - -
Landfill 150, | 229 . - i
Requirement
100% 100% - - -
fovestment | 3s% | 33% . . .
Operation | 2g% | 31% - . i
Economic I
Sebliyin | 1% | 14% . . :
famme 1o | 22% . . .
100% 100% - - -
Segrc?gatlon 5% 79 ) ) ;
Requirement
National 75% 75%
Technical Maturity 7% 5% | International | 25% 25%
- 100% 100%
Transport 88% 88% - - -
100% 100% - - -
Technical 14% 14%
Non-
o, 0, 0, 0,
Employment [ 39% 38% Technical 86% 86%
- 100% 100%
Social Traffic 60% 61%
Morbidity 80% 82%
Safety 1% 1% Mortality 20% 18%
- 100% 100%
100% 100% - - -
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5.6 Analysing the Results

From an analytical point of view, a central characteristic of sustainable development
is economic-ecological integration (Munda et al. 1995). Environmental systems
provide resources for economic development; in return, economic development has
an impact on the environment, which provides the economic foundation for
environmental protection (Tao 2010). Since the models aimed at structuring decision
making systems generally have far reaching economic and ecological consequences,
there is a strong body of research focusing particularly on the mechanism of
environment-economy systems, e.g. Sugiyama er al. (2009) presented an
investigation on how economic and environmental assessment results change when
different process options or evaluation settings are considered. In this project, two
phases were used; the first phase includes a decision tree with the criteria of
economy and environment (Figure 5.7); and the second phase consists of a tree
including all criteria identified previously (economic, environmental, social and

technical) (Figure 5.8).
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First Phase

To initiate the analysis, equal weightings were assigned to branch nodes of economy
and environment and then it was examined what would happen to the final selection
of first phase (root node) as these equal weightings change for the selected criterion.
Under the equal weightings of economy and environment (eco: 0.50; env: 0.50), SC2
and SC1 performed equally well, while SC4 and SC3 performed poorly in a similar
way (Figure 5.9). This indicates that SC2 or SC1 have the potential to be an
optimum solution depending on the weightings assigned on economy against

environment in the first phase.
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Figure 5.9: Frontier Analysis of Environment-Economy Decision Model

Sensitivity analysis of the first phase, Figure 5.10, shows how sensitive the final
selection is to the weighting of selected criteria (Economy). A vertical white line in
Figure 5.10 shows the initial weight of economy against environment, which is 0.50.
Moving to the right of this vertical line means increasing the weighting of economy

against environment (i.e. economy is more important than environment).
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Figure 5.10: Sensitivity Graph of Economy against Environment

Figure 5.10 shows that as long as the weighting of economy remains under 70%
against environment (which, at the same time, means 30% or more weight on
environment), SC2 and SC1 perform well compared to SC3 and SC4. If the relative
weight of economy is more than 70%, SC4 comes out as the most preferable option
due to its low cost on investment and stability (high performance of SC4 on them). It
also performs worst on environment, i.e. high global warming potential, landfill
requirement and water usage. This large difference in relative performance of SC4
for the two criteria is also evident from the sharpness of the slope. It should also be
noted that SC3 is never the optimal solution as it is outweighed by other scenarios
whatever the relative performance of economy against environment (or vice versa)
is.

Since decision making concerns the future, the weighting of each criteria which
enters the evaluation of any proposed waste management system is necessarily
uncertain. In order for a decision maker to distinguish which judgemental
evaluations create determinative behaviours in obtaining the optimum solution,

sensitivity analysis plays a significant role.
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Second Phase

In the second phase of the analysis, the whole decision model was examined under
the selected weight of 0.25 for each of the four criteria, “Social”, “Technical”,
“Environment” and “Economy”. On reviewing Figure 5.11, Figure 5.12, Figure 5.13
and Figure 5.14, the selected weight of 0.25 gives the same result where SC4, SC2
and SC1 perform better than SC3 respectively. Taking each criterion node in turn,
the effect on scenario scores in response to changing the weighting of the specific
criterion selected is shown in Figure 5.11 for “Social”, Figure 5.12 for “Technical”,
Figure 5.13 for “Economy” and Figure 5.14 for “Environment”. In doing so, the
relative weight of the other three criteria (i.e. the ones apart from selected one) is
maintained in this process, i.e. they remain of equal importance to each other but less
or more in overall influence, for instance, if the weighting of social criterion (Figure

5.11) increases to 40%, economic, environment and technical reduce to 20% each.
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Figure 5.11, Figure 5.12 and Figure 5.13 show that SC4 remains the optimum
decision, whatever specific weight is assigned to the test criteria (social, technical,
economic respectively). This indicates that SC4 not only performs best on these
three criteria but also best in complete absence of one of the four criteria provided

that the relative weightings on the other three remaining criteria are of equal value.

Additionally Figure 5.14 shows that if the weighting of environment remains
between 45-90%, SC2, SC1 and SC3 outweighs SC4. In particular, the criteria on
which the performances of SC4 and SC2 differ considerably are the following;

e Stability in Cost; since SC4 was designed consisting of 24 decentralised
hydroclaves on a flexible basis which could respond to the unpredicted
future demand, this criterion has the highest score for SC4.

o Investment Cost; this criterion has the lowest value (highest performance)
on SC4 according to the acquired data/information from manufacturers.

e Water Usage; although this criterion gives the worst score to SC4, it does
not have a considerable influence on the results as the relative weight
attained to “water usage” by the stakeholders is relatively small.

o Global Warming Potential; even though SC4 requires less transport than
SC2 and the amount of waste to be landfilled and to be incinerated is the
same for both of these scenarios, this criterion has the worst score on SC4.
It is because the electricity requirement of hydroclave is far more than the
electricity fired and fuel-oil fired autoclaves which are included in SC2.

o Employment; due to the high number of decentralised hydroclave units in
SC4, the required number of employees (both technical and non-technical)
in SC4 is higher than SC2. This adds positive value to SC4 in terms of
social benefits since creating more jobs for people is beneficial to the living

quality of local people.

The results of the analysis of this project allow narrowing down the spread of
scenarios to a few by indicating either SC2 or SC4 could be a rational /optimum/
satisfying scenario among the other scenarios depending on scoring the sensitive
criteria in the decision tree. The definition of optimality, according to Starr and
Zeleny (1977), is based on what is feasible and desirable for decision makers. The

concept of satisfying is often viewed as a suitable extension and modification of the
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concept of optimisation (Simon 1957). Furthermore the idealised concept of
rationality, by Zeleny (1982), is assumed as maximization of a fixed or relatively
stable objective, a known set of relevant alternatives and their outcomes, and a skill
in computation that allows one to reach the highest attainable point with respect to

the objective.

5.7 Conclusion

In the situations where the decision making procéss is limited by shortage of
information and data, and public concerns are difficult to bring forward, some
compromising solutions have to be found. In this regard, the central ideca in this
chapter of the project was to give stakeholders a powerful insight into the rationale
of the decision problem by identifying the options which meet various criteria and to

arrive at the compromising solution along with its constraints/conditions.

The results of this analysis show that the optimum alternatives for healthcare waste
management in Istanbul could be SC4 or SC2 by emphasising the sensitiveness in
scoring environment against the others. As a result, SC4 could appear as an
economically, technically sound and socially viable option with limited performance
on environment. On the other side, SC3 which consists of the recent alternative
treatment technology, microwave, proves never to be a feasible option since its
benefits on the teéhnical, environmental and social sides do not overweigh its high

cost.

The results of analysis are influenced mainly by the weightings assigned to branch
nodes and also the performances of scenarios on them. In the cases where high
difference in scenarios’ scores (Best v Worst) couples with the high weighting of 1
unit of that node, this affects the overall results significantly. For instance, nodes of
transport and traffic have the highest weightings in the branches they belong to
(transport is 88% in technical and traffic is 60% in social branch node). The reason
for that is; SC4 provides considerably higher savings in the length of route and time
of transporting wastes from healthcare facilities to treatment plants compared to the
other three scenarios and also 1 unit of saving in transportation (1km or 1 hour

shorter route) is scored high by the stakeholders in the questionnaire (Appendix 1).
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This brings SC4 forward as the most favourable option both technically and socially.
Another example of this is the investment cost node which has the highest weighting

(35%) in that branch coupled with the high performance of SC4 (100%).

A branch node of safety, as another example, has a very small influence (1%) in its
branch. There are two reasons for it; (1) The difference between thq mortality and
morbidity values measured for the four scenarios do not differ a great deal, (2) 1
additional death or 1 hospital admission (1 unit) was not ranked high enough by the
stakeholders to outweigh the relative weightings of the other nodes of social (traffic

and employment).

The nodes which play a determining role in bringing'forward SC4 and SC2 in terms
of environmental friendliness were water usage and global warming since landfill
requirement has a positive score only for SC3 (other scenarios are 0% as their
performances were equally lower than SC3). The disadvantage of SC4 with respect
to environmental criteria is a high weighting placed on GWP (60%) and Water
Usage (18%) coupled with its poor performance on both of the nodes (0% for both)
whereas SC2 performs 97% and 100% on them respectively.
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS
FOR FUTURE STUDIES

Turkey, as a candidate country of the European Union, is obliged to make its
national legislation and its implementations compatible with European Legislation.
Regarding healthcare waste management, landfilling without pre-treatment has to be
abandoned urgently and new healthcare waste management systems have to be
developed. It is evident that putting the task of building a new healthcare waste
management system on the agenda of the central government will require significant

effort coupled with the cooperation between the stakeholders.

In this regard this study has shed light on the intricacies of interactions in healthcare
waste management system components in Istanbul, and the types and quantity of
healthcare wastes likely to be encountered. This information was used in the context
of multi criteria decision analysis by identifying various criteria and testing their
relative importance according to the view of key stakeholders within several future
scenarios. This research provides both the data to develop practical technical options
(scenarios) and a framework for comparing option performance. Instead of
éomparing individual options (e.g. incineration versus landfill), an attempt has been
made to synthesise the healthcare waste management systems that can include the
whole healthcare waste stream, and then compare their overall performances within

MCDA.

The conclusion of this research confirms the feasibility of the MCDA method as a
decision making tool in healthcare waste management. It is particularly useful in
comparing the criteria in the units which they occur. In addition, criteria which have
insufficient or inadequate data do not need to be eliminated from the evaluation but -
can be incorporated by the use of a ranking system. The technique provides a reliable
tool to obtain ranking of scenarios. It also accommodates a multi stakeholder
approach to decision support, well suited to examining tradeoffs between
stakeholders to produce “defensible rationale” (underlying reason, logical basis) for

choosing a particular option.
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With the proposed decision making framework, this study pioneered a direction for
the process of building a new healthcare waste management system in Istanbul by
stimulating creativity and considering alternative scenarios to move towards it. The
first set of results of this work entitled "A System Dynamics Approach for
Healthcare Waste Management: A Case Study in Istanbul Metropolitan City,
Turkey" was published as a journal article by the International Solid Waste
Association (ISWA) in Waste Management & Rescarch (WM&R) (Appendix 5).

6.1 Conclusions

1) Istanbul Metropolitan Municipality struggles to have sufficient budget and
management capacity to maintain a complete database regarding the hcalthcare
waste quantity. However making the best possible estimation on the waste
generation by using any developed model is dependent on first availability and then
quality of input data. It is therefore essential for healthcare institutions in Istanbul to
record and report their treatment types, patient episodes and waste gencration
profiles regularly as well as Turkish Health Ministry developing a database to ensure
the regular supply of up-to-date data. This kind of formal auditing is needed to deal
with uncertainties of healthcare waste management system by reducing the data gap
and also by improving the quality of data. Such data can then be used to further
validate the HCW SD model over time.

2) The results acquired from the HCW SD model showed that the generation of
HCW will undergo a general increase during the next 30 years, mainly due to the
increase in the investment in hospital beds and population variables. Since
throughput capacity of the existing healthcare waste treatment facility in Istanbul,
Kemerburgaz Incinerator, is already exceeded, a new treatment technology or

technologies are urgently required.

3) The best waste management practice is to minimise the generation of waste.
However the potential for healthcare waste minimisation is limited because of the
increased use of single-use-only disposable items. On the other hand, reducing
healthcare waste could also be achieved through appropriate waste segregation.

Based on reported analysis, the non-hazardous municipal fraction co-disposed with
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healthcare waste is around 64% in Istanbul. Using the projected waste gencration
flows, reducing a municipal fraction to 30% has the potential to avoid some 8,000tpa
of healthcare waste by 2025 and almost 10,000tpa by 2035. Even though the
segregated MSW stream inevitably causes an increase in the amount of MSW at
HCFs, a successful segregation scheme could still help reducing treatment cost as the
processing of MSW requires less specialised techniques and methods than HCW.
The performance of waste segregation depends on the knowledge of hospital staff at
the points of generation. This brings forward the importance of training activities
taking place at hospitals. In this respect, the development of staff training and raising
awareness of building programmes in order to ensure successful segregation system
implementation is anticipated to be an important factor in reducing healthcare waste

quantities and costs in a long term.

4) Although incineration is suitable for most types of healthcare wastes and has
several advantages (especially volume reduction, fail-safe and total solution for all
types of HCW), it is a costly method and might cause the release of hazardous gas
emissions. Further healthcare waste segregation provides substantial reductions in
what would otherwise eventually end up in the incinerator. If further segregation
practice ensured healthcare waste requiring incineration was also selectively
managed, 77% of healthcare waste could be diverted to alternative treatment
technologies. The development of alternative treatment technologies for healthcare
waste should be encouraged and promoted to replace unnecessary incineration by

potentially more environmentally friendly treatment methods.

5) The study provided an insight into the likely GHG emissions of various scenarios
involving different techhologies. The comparison of annual GHG emissions of SC1
(217 kgCO,-¢/tonne of waste) and SC2 (221 kgCO,-¢/tonne of waste) shows that
building up a centralised treatment system on the Asian Side to avoid the HCW SAT
generated on the Asian Side being transported to the central treatment facility located
on the European Side does not make a large difference in terms of GHG emissions.
The main share of these emissions was from methane which escaped from landfills
and from indirect sources, e.g. electricity requirement of alternative technologies.
Incinerating healthcare waste was also a significant contributor to CO,-e emissions;
even though displaced emissions by producing electricity recovered a high extent of

the emission due to burning.
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6) Investigation of stakeholder’s views showed that investment cost and GWP are
the most highly ranked criteria in the economic and environmental attributes
respectively. The investment cost held the first place in economic valuing and CO;-e
emission was raised as an outstanding environmental concern because of the focus

on environment protection.

7) Multi-criteria decision analysis indicates that either centralised autoclaves built on
the European and Asian Side (SC2) or decentralised hydroclaves located at central
hospitals across Istanbul (SC4) is an optimum solution depending on relative weights
placed on the criteria identified in the decision tree by the decision makers.
Incinerating all the healthcare wastes arise from Asian Side and operating a
centralised microwave treatment plant along with the Kemerburgaz Incinerator on
the European Side (SC3) is never a feasible option as it performs the poorest mainly
due to high cost. This indicates that the well-proven autoclave/hydroclave
technology option for the treatment of HCW SAT and then their disposal through
landfilling with energy recovery should be given more attention by the authorities in

Istanbul.

In general, the results and remarks of this study can be used as a basis of future
planning and anticipation of the needs for investment in the area of HCW

management in Istanbul.

6.2 Recommendations for Future Studies

Key points identified in this study, which require further investigation, include the

following.

1) There is a data gap in determining the composition (plastic, textile, paper, and etc
content) of incineration-only HCW and HCW SAT separately. It is an important
knowledge gap in terms of estimating methane generation potential of the HCW
SAT stream. A further study on this could help in evaluating the process
performance and recovery potential of the incineration-only HCW stream through

incineration.
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2) There is limited information available on the potential environmental effects and
health impacts of waste management processes. The results of many existing
occupational studies are not satisfactory to establish a link between health outcomes
and a specific waste operation, and therefore not adequate to complete an overall
evaluation. It is suggested that more collaborative epidemiological studies using a

rigorous approach along with an appropriate methodology should be conducted.

3) As the HCW SD model in this research is driven by a system dynamics core, the
combinations of system parameters can be adopted for use in other places to solve
similar problems. The modifications which are required for this adoption could
include determining the strategic objectives of regulatory authorities as well as

specific characteristics of the region under study.

4) The MCDA model presented in this study provides a decision making framework
for a real-world healthcare waste management problem. Extensions of this model
could be developed as it is anticipated that decision making process will incorporate
more public participation in the future with the rise of public awareness on
environmental issues in Turkey. Therefore the decision tree built up in this research
could be extended further by including more criteria and related evaluations could be

made.
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Appendix 1: Questionnaire for Assigning Relative Weights

Objectives of this questionnaire are;

1) To analyse relative importance of the factors, which are involved in decision making in
“Healthcare Waste Management in Istanbul”, such as environmental performance, public

health and other related factors against cost.

2)To determine how effective/influential different stakeholder's decisions are in decision

making in “Istanbul Healthcare Waste Management”.

For this purpose, it is kindly requested from responders to answer the questions below
according to their own views/thoughts by considering current healthcare waste

management system in Istanbul.

1) As it is known, each healthcare waste technology (incinerators and altcrnative
technologies) requires the use some amount of water. How much do you think it is worth

saving 1m® of water?

A) 0 TL/m*> (I do not think that “water C) 250 kurus/ m' (10p/m’)

consumption” is one of the criteria which is D) 625 kurus/ m’ @25p/ 11)
m

considered in decision making).
E) 1.25 TL/ m* (50p/m®)

B) 125 kurus/m’ (5p/m’)

2) As it is known, carbon credits create a market for reducing greenhouse emissions by
giving a monetary value to the cost of polluting the air. As far as it is considercd that
treating raw healthcare waste in incineration or landfilling treated healthcare waste cmits

CO,, How much do you think it is worth saving 1 tonne of CO,?

A) 0 TL/onne (I do not think that “CO, C)25 TL/tonne (£10/tonne)

emission” is one of the criteria which is D) 50 TL/tonne (£20/tonnc)

considered in decision making).
E) 125 TL/tonne (£50/tonne )

B) 12.5 TL/tonne (£5/tonne )
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3) It is a known fact that treating healthcare waste in incinration or alternative technologies
and landfilling them after treating emit some toxic substances (air pollutants such as heavy
metals (mercury, cadmium, lead etc) acidic and corrosive gases (hydrogen chloride,
hydrogen fluoride, sulphur dioxide, and nitrogen oxides); products of incomplete
combustion (carbon monoxide, dioxins, furans and polycyclic aromatic hydrocarbons)); and

this causes some adverse health effects on human health.

a) How much is it worth avoiding 1 additional hospital admission due to discase from
additional air pollution?

A) 2,500 TL/year (£1,000) D) 50,000 TL/year (£20,000)

B) 12,500 TL/year (£5,000) E) 125,000 TL/year (£50,000)

C) 25,000 TL/year (£10,000)

b) How much is it worth avoiding one death brought forward due to additional air pollution?
A) 50,000 TL/year (£20,000) D) 625,000 TL/year (£250,000)
B) 125,000 TL/year (£50,000) E) 1,250,000 TL/year (£500,000)

C) 250,000 TL/year (£100,000)

4) Collecting all types of healthcare waste (infectious, pathologic, sharps, pharmaceutical,
genotoxic, chemical, healthcare wastes inculuding heavy metals, pressurised containers) in
one type of waste bags (red bags), in other words, avoiding segregation of incineration-only
healthcare waste (pathologic, genotoxsic, pressurised containers) from healthcare waste
suitable for alternative treatment (as it is in current system) obviously brings forward more
practicality for where healthcare waste occurs. As far as this is concerned, how much is it

worth providing a system which requires less type of waste segragation in each hospital?
A)OTL - D) 10,000 TL (£4,000)
B) 1,000 TL (£400) E) 20,000 TL (£8,000)

C) 5,000 TL (£2,000)
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5) How much is it worth using a technology which is more flexible to any unpredictable
change in the amount of healthcare waste in the future, in orher words, a technology which

is not very costly to any increase in the capacity might be needed in later years?

A) 0 TL/year (I do not think that flexibiltyis C) 10,000 TL/year (£4,000/ycar)

o ich i . .
one of the criteria which is considered in D) 20,000 TL/year (£8,000/ycar)

decision making).
E) 40,000 TL/year (£16,000/ycar)

B) 5,000 TL/year (£2,000/year)

6) How much, do you think, it is worth saving 1tonne of waste from landfilling?

A) 0 TL/tonne (I do not think this is one of C) 2 TL/tonne (80p/tonne)
the criteria which is considered in decision D) 5 TL/tonne (£2/tonne)

making).
E) 10 TL/tonne (£4/tonne)

B) 1 TL/tonne (40p/tonne)

7) How much do you think, it is worth avoiding waste collection service in rush hours of

traffic (working days between 6am-10am, 4pm-9pm) per year?

A) 5TL/hour (£2/hour) D) 62.5TL/hour (£25/hour)
B) 12.5TL/hour (£5/hour) E) 125TL/hour (£50/hour)
C) 25TL/hour (£10/hour)

8) As it is known that while all types of healthcare waste can be treated in incineration,
alternative technologies (autoclaves, hydroclaves, etc) are only applicable for some certain

fractions of infectious, pathologic, sharps and pharmaceutical waste.

In the cases where an integrated system including incineration and alternative technologies
together are implied together, it is necessary for healthcare institutions to scgregate
healthcare waste fractions as incineration-only healthcare waste and healthcare waste

suitable for alternative technology.
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How much is it worth avoiding the risk due to wrong segregation of healthcare wastes by
training the medical staff regularly at healthcare facilities on how to further segregate the

healthcare waste (per hospital/year)?

A) 1,000 TL/hosp/year (£400)
B) 5,000 TL/ hosp/year (£2,000) D) 15,000 TL/hosp/year (£6,000)

C) 10,000 TL/ hosp/year (£4,000) E) 20,000 TL/ hosp/year (£8,000)

9) How much is it worth spending more on operating cost to save 1 million TL (£400,000)

investment cost?
A) 100,000 TL/year (£40,000) D) 1,000,000 TL/year (£400,000)

B) 250,000 TL/year (£100,000) E) 2,500,000 TL/year (£1m)

C) 500,000 TL/year (£200,000)

10) How much do you think, it is worth saving 1km of transportation of healthcare wastes

per year?

A) 500k (20p) D) 12.5TL (£5)
B) 1.25TL (50p) E) 25TL (£10)
C)2.5TL(£1)

11) How much do you think, it is worth creating a non-technical job position in healthcare

waste management field in Turkey (per person)?
A) 2,500 TL (£1,000) D) 25,000TL (£10,000)
B) 5,000 TL (£2,000) E) 50,000TL (£20,000)

C) 12,500 TL (£5,000)

12) How much do you think, it is worth creating a technical job position (such as engineer,

mechanic, technician) in healthcare waste management field in Turkey (per person)?
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A) 2,500 TL (£1,000) D) 25,000TL (£10,000)
B) 5,000 TL (£2,000) E) 50,000TL (£20,000)

C) 12,500 TL (£5,000)

13) If you consider benefits of providing a mature alternative treatment system in the scale

given below, how much do you think, it is worth stepping 1 level up/down?

Maturity of technologies could refer how widespread the technology is at both national and
international level. This factor could be related to the resistance of a technology to failure or

the ability of “fail well” (fail without catastrophic consequences).
1. Not present on the market at least in an experimental stage
2. Pilot plants |
3. Start of market availability
4. Market availability of the technology for less than 10 years

5. Market availability of the technology for more than 10 years

a) Nationally (Turkey) b) Internationally (Basically Europe)
A. 25,000 TL (£10,000) A. 25,000 TL (£10,000)

B. 50,000 TL (£20,000) B. 50,000 TL (£20,000)

C. 125,000 TL (£50,000) C. 125,000 TL (£50,000)

D. 175,000 TL (£70,000) D. 175,000 TL (£70,000)

E. 250,000 TL (£100,000) E. 250,000 TL (£100,000)

14) As far as 3 main stakeholders are considered as individual bodies making decisions for
the fate of healthcare waste management (please see below), how do you rank the decisive

power of your institution (please mark your institution) in this system out of maximum 10?
1. Government Authority (Provincial Directorate of Environment and Forestry of Istanbul)
2. Academia (Universities, Institutions)

3. Private Sector (Alternative Technology Manufacturers)
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Appendix 2: Validation of Methodology

How would you rate each item in the table according to the response scale given

below?

1 = strongly agree 2 =agree 3 = disagree

Q.1: A system dynamics approach to projecting future
arisings is appropriate.
If 3 or 4, which approach would you recommend instead and

why?

Q.2: This sort of classification (Category 1 and 2) is

appropriate in terms of estimating healthcare waste

generation.

If 3 or 4, how should it be classified instead?

Q.3: Sensitivity analysis is appropriate in estimating
healthcare waste arisings under different MSW segregation

schemes?

If 3 or 4, which method can be implemented instead and

why?

Q.4: Using “Lookup Function” is reasonable in order to
differentiate the healthcare waste stream in transition-

period?

If3or4, why?

4= strongly disagree

1 2 3 4
1 2 3 4
I 2 3 4
1 2 3 4
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Q.5: The structure of the decision tree into 4 main criteria
grouping (and associated sub-criteria) provides a
suitable/effective  representation of the nature of the

decision problem

If 3 or 4, what changes to the structure would improve
clarity (e.g. reducing number of levels, 'swapping sub-

criteria between group nodes, etc.)

Q.6: The set of criteria selected for the MCDA is

comprehensive.

If 3 or 4, which additional criterion/criteria should be

included?

Q.7: The criteria selected for the MCDA are appropriate.

If 3 or 4, which one(s) should be changed/replaced?

Q.8: Monetary scale to quantify weightings of the criteria is

appropriate?

If 3 or 4, why?

1

1

1

1

2 3 4
2 3 4
2 3 4
2 3 4
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Appendix 3: Formulation of the HCW SD Model

Value
Type of E Value
uropean . .
the Name Unit Equation S.dp (Asian Side)
ide
variable ) (2007)
(2007)
. INTEG ( births + young migration in-maturation-young R
Stock Young Population people oo o ) -
deaths-young migration out, initial young population)
INTEG (maturation + mature migration in —aging - mature _
Stock Mature Population people ) s -
deaths - mature migration out, initial mature population)
INTEG (elderly migration in + aging - elderly deaths - _
Stock Elderly Population people T L ) -
elderly migration out, initial elderly population)
Constant initial young population people - 2,687,100 1,375,000
Constant initial mature population people - 4,816,660 2,626,730
Constant | initial elderly population people ; 653,212 415,135
Constant young migration in rate 1/year - 0.0296 0.0296
Constant young migration out rate 1/year - 0.0237 0.0237

Please see next page
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Value

Type of o Value
uropean PR
the Name Unit Equation ( S‘dp (Asian Side)
ide
variable ) (2007)
(2007)

Constant mature migration in rate 1/year - 0.0324 0.0324
Flow young migration out people/year young migration out rate* Young Population - -
Flow mature migration in people/year mature migration in rate* Mature Population - -
Flow mature migration out people/year mature migration out rate* Mature Population - -
Flow elderly migration in people/year elderly migration in rate * Elderly Population - -
Flow elderly migration out people/year elderly migration out rate * Elderly Population - -

Constant average time to age year - 40 40

Constant average time to mature year - 20 20
Flow maturation people/year Young Population/average time to mature - -
Flow aging people/year Mature Population/average time to age

Constant female fraction women/people - 0.5 0.5

Please see next page
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Type of Value Value
European ; i
the Name Unit Equation ( . P (Asian Side)
variable v Side) (2007)
(2007)
births per mature female per
Constant people/(women*year) - 0.055 0.055
year
Constant mature migration out rate 1/year ) 0.0300 0.0300
Constant elderly migration in rate 1/year _ 0.0118 0.0118
Constant elderly migration out rate 1/year - 0.0266 0.0266
Flow young migration in people/year young migration in rate* Young Population - B
. Young Population + Mature Population + Elderly
Auxiliary total population people ] - -
Population
Auxiliary mature females women female fraction* Mature Population - -
Flow births people/year births per mature female per year* mature females - -
Constant elderly mortality rate 1/year - 0.0307 0.0307
Flow elderly deaths people/year - elderly mortality rate* Elderly Population - -

Please see next page
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Value
Type of Value
European : i
the Name Unit Equation (Europ (Asian Side)
Side
variable ) (2007)
(2007)
Constant young mortality rate 1/year - 0.0009 0.0009
Flow mature deaths people/year mature mortality rate* Mature Population - -
_ Constant mature mortality rate 1/year - 0.0016 0.0016
Flow young deaths people/year young mortality rate* Mature Population - -

Table A 1: Sub-System of Population
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Value

Type of Value
European . .
the Name Unit Equation ( S'dp (Asian Side)
ide
variable ) (2007)
(2007)

Stock Hospitals hospital INTEG (growth in hospitals, Initial Hospitals) - B
Constant Initial Hospitals hospital - 138 59
Auxiliary growth in hospitals hospital/year rate new bed capacity/average beds per hospital - -
Constant average beds per hospital bed/hospital - 141 140.2
Auxiliary Current Bed Capacity bed Hospitals*average beds per hospital - -

DELAY3%*(Demand for Extra Bed Capacity /TIME STEP,
Auxiliary rate new bed capacity bed/year . . . - -
average time to increase hospital capacity)

average time to increase hospital 2

Constant . year - 2

capacity

INTEG (Demand for Extra Bed Capacity / TIME STEP - -

Stock Hospital Expansion in Progress bed ) -

rate new bed capacity, 0)

max (Desired Bed Capacity - Current Bed Capacity - -

Auxiliary | Demand for Extra Bed Capacity bed -

Hospital Expansion in Progress ,0)

Please see next page
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Type of Value Value

E S
the Name Unit Equation (European (Asian Side)
variable Side) (2007)
(2007)

Constant initial bed per head of population | bed/people _ 0.002385 0.00187

Constant | 2nnual increase in bed per head dmnl* ] 0.01 0.01

Auxiliary Desired Bed Capacity bed total population*bed per head of population - B

— —rzwy - -
Auxiliary bed per head of population bed/people initial bed per head of population *(1+annual increase in .
bed per head) ~ ((Time-INITIAL TIME)/one year) )

®DELAY3 (X,T) takes a third order exponential delay of X for time T conserving X

*dmnl: dimensionless

Table A 2: Sub-System of Hospital Bed Inventory
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Type of Value Value
the Name Unit Equation (European Side) (Asian Side)
variable (2007) (2007)
. L 0.0555
Constant incidence rate per young inpatient dmnl/year - 0.0615
» ) ) "Young Population (<20)"*incidence rate per .
Auxiliary annual young inpatients people/year . . -
young inpatient
Constant incidence rate per mature inpatient dmnl/year - 0.1025 0.0925
o "Mature Population (20-60)"*incidence rate _
Auxiliary annual mature inpatients people/year . . -
per mature 1inpatient
Constant incidence rate per elderly inpatient dmnl/year - 0.2419 0.2183
"Elderly Population (>60)" *incidence rate per
Auxiliary annual elderly inpatients people/year - B
elderly inpatient
) annual elderly inpatients + annual mature _
Auxiliary annual inpatient demand people/year o o -
- inpatients + annual young inpatients
] Current Bed Capacity + Hospital Expansion in .
Auxiliary Total Bed Capacity bed -
Progress
Auxiliary bed days bed*day/year Total Bed Capacity*dpy

Please see next page




233

Type of Value Value
the Name Unit Equation (European Side) (Asian Side)
variable (2007) (2007)
Constant dpy day/year 165 _ -
Constant beds per patient bed/people R 1 1
Constant average inpatient stay day _ 56 4.5
Constant | 2verage HCW generation rate per bed | tonne/bed/day - 0.0007 0.00056
Constant municipality service provision dmnl - 1 1
annual inpatient bed occupancy* average
Auxiliary Category-1 HCW generation tonne/year HCW generation rate per bed*municipality . -
service provision
; ) min(bed days, annual inpatient demand*beds
Auxili annual inpatient bed occupancy bed*day/year ) - ) -
ary per patient*average inpatient stay)
Table A 3: Sub-System of Category-1
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Value
Type of Value
European ; .
the Name Unit Equation (Europ (Asian Side)
Side
variable ) (2007)
(2007)
appointment/
Constant | average number of young outpatients PP - 1.6579 1.5753
(people*year)
appointment/ ’
Constant | average number of mature outpatients PP - 2.5571 24297
(people*year)
. _ appointment/
Constant | average number of elderly outpatients P : - 5.5638 5.2866
(people*year)
) annual number of appointments for . average number of young outpatients*"Young
Auxiliary appointment/ year ) - B
youngs Population
. annual number of appointments for . average number of mature
Auxiliary appointment/ year ) . - -
matures outpatients*"Mature Population
. annual number of appointments for | ;50intment/ year average number of elderly )
Auxiliary elderly outpatients*"Elderly Population i
annual number of appointments for elderly +
Auxiliary outpatient demand appointment/year annual number of appointments for matures + - -
annual number of appointments for youngs
Auxiliary annual outpatient demand appointment outpatient demand*TIME STEP - -

Please see next page
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Value
Type of o Value
uropean ol Qi
the Name Unit Equation ( S'dp (Asian Side)
ide
variable ) (2007)
(2007)
Auxiliary annual current outpatient capacity appointment current outpatient capacity*TIME STEP - B
. . . . max(0,(annual outpatient demand-annual -
Auxiliary demand for extra capacity appointment ) ) ) -
current outpatient capacity-appointment
capacity increase in progress))
Auxiliary rate of new appointment capacity appointment/ year DELAY3%(demand for extra capacity/TIME - B
STEP, time to response)
. appointment
Constant outpatient capacity per hospital ) - 147,546 181,270
/hospital/year
Constant time to response year - 2 2
appointment capacity increase in ) INTEG(max(0,demand for extra _
Stock appointment . ) -
progress capacity/ TIME STEP-rate of new appointment
capacity,0)

Please see next page
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Value
Type of Value
European : :
the Name Unit Equation ( P (Asian Side)
Side
variable ) (2007)
‘ (2007)
Auxiliary current outpatient capacity appointment/year outpatient capacity per hospital*Hospitals . -
min(outpatient demand,(current outpatient
Auxiliary outpatient appointments appointment/year capacity + appointment capacity increase in - B
progress/TIME STEP))
. average HCW generation rate per -
Auxiliary Category-2 HCW generation tonne/year . L . -
outpatient*municipality service
provision*outpatient appointments
average HCW generation rate per
Constant & g tonne/appointment - 35*%10~(-5) | 40*107(-5)
outpatient

@DELAY3 (X,T) takes a third order exponential delay of X for time T conserving X

Table A 4: Sub-System of Category-2
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Type of Value Value
the Name Unit Equation (European Side) (Asian Side)
variable (2007 (2007)
INTEG (increase in number over
Stock Number of small HCFs each - -
year, initial number)
Constant initial number of small HCF's each - 4,281 2,718
Constant increase rate in small HCFs 1/year - 0.005 0.005
. . increase rate in small HCFs*Number
Flow increase in number over year each/year - -
of small HCFs
tonne /
Constant HCW generation rate from small HCFs - 0.05 0.05
(year*each)
municipality service provision to small
Constant P drmnl - 1
HCFs 1
HCW generation rate from small
) HCFs*municipality service

Auxiliary Category-3 HCW generation tonne/year - -

provision to small HCFs*Number of
small HCFs

Table A 5: Sub-System of Category-3
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Type of Value Value
the Name Unit Equation (European Side) (Asian Side)
variable (2007) (2007)

HCW generation from "Category-1 HCW generation"+"Category-2 HCW R

Auxiliary . tonne/year -
hospitals generation"”

B HCW allocated to tonne/year HCW generation from hospitals - HCW allocated to i

Auxiliary o . A AT -
incineration
HCW generation from hospitals *proportion of HCW
Auxiliary HCW allocated to AT tonne/year suitable for AT * proportion of hospitals with . -
implemented further segregation
ratio of MSW mixing with 0.05
Constant . dmnl - 0.05 :
inc-only stream

ratio of MSW mixing with . . .

Auxiliary dmnl 1-"ratio of MSW mixing with inc-only stream"” -
HCW SAT
Auxiliary | total HCW allocated to AT tonne/year HCW allocated to AT + MSW mixing*ratio of MSW - B
mixing with HCW SAT

Please see next page
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Type of Value Value
the Name Unit Equation (European Side) (Asian Side)
variable (2007) (2007)
pilot scale hospitals
Auxiliary implemented further hospital IF THEN ELSE®(Time<2015, 3,0) - -
segregation
[©,1)- _
(33,22)1,(0,0),(1,0),(2,0),(3,0),(4,0),(5,0).(6,0),(7,0),(8,0
schedule of hospitals to 3),(9,0.5),(10,0.7),(11,0.9),(12,1),(13,1),(14,1),(15,1)( N
Lookup implement further dmnl TR R R R R -
) 16,1),(17,1),(18,1),(19,1),(20,1),(21,1),(22,1),(23,1).(24
segregation
,1),(25,1),(26,1),(27,1),(28,1),(29,1),(30,1),(31,1),(32,1)
(33.1)
proportion of hospitals with pilot scale hospitals implemented further ]
Auxiliary implemented further dmnl segregation/Hospitals + schedule of hospitals to -
segregation implement further segregation(Time)
roportion of HCW suitable dmnl
Constant prope - 0.5 0.5
for AT

Please see next page
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Type of Value Value
the Name Unit Equation (European Side) (Asian Side)
variable (2007) (2007)
HCW allocated to incineration + MSW mixing*"ratio

total HCW allocated to _

Auxiliary o . tonne/year of MSW mixing with inc-only stream"+"Category-3 -
incineration
HCW generation”
o HCW generation from hospitals *proportion of MSW .
Auxiliary MSW mixing tonne/year . -
mixed

Constant | proportion of MSW mixed dmnl - 1.9 1.7

“IF THEN ELSE (condition, X,Y) returns X if condition exists, otherwise Y

Table A 6: Sub-System of Waste Segregation
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Appendix 4: Formulation of the Employees’ Health SD Model

Type of the variable Name Unit Equation Value
Stock Susceptible Workers people INTEG(recovery-exposure,0) B
Stock Exposed Workers " people INTEG(exposure-sickness, initial workers) -
Constant initial workers people - *
Stock Infected Workers people INTEG(sickness-mortality-recovery,0) -
Stock Deaths people INTEG(mortality,0) -
Constant exposure time year - epidemiologic sources*
Flow exposure people/year DELAY FIXED “(recovery, exposure time , 0) -
*
Constant average time to get infected year -

Please see next page
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Value
Type of the .
iabl Name Unit Equation (European Side)

variable 2007
Flow sickness people/year Exposed Workers/average time to get infected -
Constant average time for mortality year - *
Flow mortality people/year Infected Workers/average time for mortality -
Flow recovery people/year Infected Workers/average treatment time -
Constant average treatment time year - *

@ DELAY FIXED (X, T, I) delays the input X for a fixed time T starting with I

*For Details Please See Chapter 4.2 Employee’s Health Model Development

Table A 7: Exposed Workers Health SD Model
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Type of the

iabl Name Unit Equation Value
variable
Stock Susceptible Workers people INTEG(recovery-exposure,0) i
Constant initial workers people - *
Stock Infected Workers people INTEG(sickness-mortality-recovery,0) -
Stock Deaths people INTEG(mortality,0) -
Constant average time to get infected year - *
Susceptible Workers/average time to get
Flow sickness people/year . B
infected
*
Constant average time for mortality year -
Flow mortality people/year Infected Workers/average time for mortality -
Flow recovery people/year Infected Workers/average treatment time -
Constant average treatment time year - *

*For Details Please See Chapter 4.2 Employee’s Health Model Development

Table A 8: Non-Exposed Workers Health SD Model
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Appendix S: Publication Based on This Thesis

Ciplak, N. and Barton, J.R. (2012). "A System Dynamics Approach for Healthcare
Waste Management: A Case Study in Istanbul Metropolitan City, Turkey." Waste
Management & Research 30(6): 576586



