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Green Deal and Circular Economy

The European Green Deal (2019) 
aims

• to restore biodiversity

• to cut pollution 

• to keep resources in economic 
cycles as long as possible

• to accomplish a modern, 
resource-efficient, and 
competitive economy 

Circular
Economy

(10R)

Figure 1. Difference between Linear Economy and
Circular Economy (ReMade-Roject,,n.d.)

Various approaches to achieving SDGs and WFD
targets under the WEFE Nexus framework.

such as

Refuse, Rethink, Reduce, Reuse, Repair, Refurbish, 
Remanufacture, Repurpose, Recycle, and Recover 
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Aim of The Study: 

 To create a systematic framework for assessing the performance of circular 
water economy models at watershed scale within the Water-Energy-Food-
Ecosystem Nexus.
 For this purpose, Multi-Criteria Decision Making is used.

Contributions to literature gap:
• circular water economy on macro scale
• by using environmental and economic indicators

• basin-specific indicators
• by examining the impact of circular water economy models on 

environmental flow
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Circular Water Economy:

DefinitionName of Principle

Preventing the use of waterRefuse

Re-design/restructuring of the operational elements of water

utilization, including practices, procedures, regulations,

facilities, and technology

Rethink

Using less water, extracting less water from the source and

using water efficiently
Reduce

Second or further use (by another user/owner) of waterReuse

Second or further use (by the same user/owner) of waterRecycle

Retrieval of valuable materials (i.e. organic matters, chemical

elements, biochemical compounds) and the retention or

generation of energy

Recover

Restoring water that has been consumed by human activities

back to natural ecosystems
Replenish

Figure 2. Levels in Circular Economy
(Vanhamäki et al., 2019)

Table 1. Principles of Circular Water Economy (Morseletto et al., 2022; Morseletto, 2019; 
Minguez et al., 2021; Reike et al., 2018; Vermeulen & Witjes, 2019; Smol et al., 2020)
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. VIKOR

Figure 3. Multi-Criteria Decision Making Methods (Gebre et al., 2021)

Reasons for Selecting Extended VIKOR:

Advantages of MCDM over other methods:
• in terms of time and budget 
• possibility of evaluating macro systems 
• possibility of evaluation from both environmental and economic aspects 
• need of less data

Method Selection:

VIKOR: 
• numerical evaluation
• allows for the joint evaluation of multiple 

criteria in the presence of conflicting 
criteria

• provides a balanced assessment
• useful in complex systems

Extended VIKOR: 
• using interval numbers, 

indicating data uncertainty or 
imprecision



METHODOLOGY
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Overview of Methodology

WHY PORSUK 
SUB-BASIN?

 Surface Water - Porsuk Dam 
(Eskişehir’s Drinking Water Source): by 
2045 and 2065, the dam is projected to 
be unable to fully meet irrigation water 
demands

 Groundwater: In some of plains, 
allocations have exceeded plain 
reserves

 Semi-arid Watershed
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Development of Circular Water Economy Scenarios & Used Principles
Urban Sector:

 Utilization of domestic treated wastewater in city parks
and green areas (Reuse)

Agricultural Sector:

 Utilization of domestic treated wastewater for
agricultural irrigation (Reuse)

Industrial Sector:

 Utilization of domestic treated wastewater in industrial
processes and other industrial uses (Reuse)

 Utilization of industrial treated wastewater in industrial
processes and other industrial uses (Recycle)

Discharge:

 Controlled discharge into the natural receiving
environment (Replenish)

In all of sub-basin: Reduction+Replenish
Figure 4. Illustration of Circular Water Economy Principles in

the Porsuk Sub-basin
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Figure 5. Representation of Variables in Circular Water Economy 
Alternatives in Eskişehir

Figure 6. Representation of Variables in Circular Water Economy 
Alternatives in Kütahya

prevention of losses and leaks
in Eskişehir: 25% reduction

in Kütahya: 35% reduction

adoption of efficient smart landscaping techniques 20% reduction

SW: improvements in transmission lines: 30% reduction

GW: application of surface irrigation methods and other enhancements: 20% reduction
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Development of Circular Water Economy Alternatives

implementation of hybrid cooling towers and process-based enhancements 15% reduction
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Development of Constraints

• water supply/demand balance 

• mass balance

• legal requirementments

water should not be allocated to sectors in excess of their needs

portion of domestic wastewater 
sent to all sectors should be 

equal to 1

not used for drinking purposes

at least 10% of domestic WWTP to
park and agriculture

portion of industrial wastewater 
sent to all sectors should be 

equal to 1
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Development of Constraints

• required treatment technologies

• groundwater level

• environmental flows

Treatment LevelRecipientSource

Disc Filter + Disinfection
Industry (Cooling 

Water)
Domestic WWTP

Ultrafiltration + Disinfection + 
Reverse Osmosis

Industry (Process 
Water)

Domestic WWTP

Disc Filter + DisinfectionAgriculture (Class A)Domestic WWTP

DisinfectionAgriculture (Class B)Domestic WWTP

Disc Filter + Disinfection
Industry (Cooling 

Water)
Organized Industrial 

Zone WWTP

Ultrafiltration + Disinfection + 
Reverse Osmosis

Industry (Process 
Water)

Organized Industrial 
Zone WWTP

groundwater extraction amounts < groundwater potential

surface water extraction amounts < surface water potential
& 

EFR should be satisfied

Table 2. Required Treatment Levels for Macro-Level Cross-Sectoral Symbioses (Republic of 
Türkiye, 2010; A. Olgaç, personal communication, February 7, 2024, Yüksel Project)
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Development of Circular Water Economy Alternatives

1 alternative : Business As 
Usual (BAU) (S0-B)

1 alternative : with Reduce + 
Replenish (SR)

50 alternatives : with Reduce + 
Reuse + Recycle + Replenish

(SR-R3, SR-R4,…..SR-R52)

Figure 7. The Algorithm for the Development of Alternatives



15

Development of Indicators

1- Water Productivity for Eskişehir and Kütahya (+)
2- Total Cost of Wastewater Treatment and Distribution 
for Eskişehir and Kütahya (-)
3- Total Cost of Water Tariffs for Eskişehir and Kütahya (-)
4-Economic Benefit for Eskişehir and Kütahya (+)

A- Economic Indicators
B- Environmental Indicators

1- Portion of Groundwater Utilized for Eskişehir and
Kütahya (-)
2- Portion of Surface Water Utilized for Porsuk Sub-
basin (-)
3- CO2 Emission (-)

Evaluation of Circular Water Economy Alternatives

in
pu

t f
or

Stakeholder system analysis 
Sectoral system analysis 
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Evaluation of Circular Water Economy Alternatives

1- Water Productivity (+)

2- Total Cost of Wastewater Treatment
and Distribution (-)

3- Total Cost of Water Tariffs (-)

4-Economic Benefit (+)

5- Portion of Groundwater Utilized (-)

6- Portion of Surface Water Utilized (-)

7- CO2 Emission (-) 

GDP of the sector & Qused & Qreused,recycled

Treatment Cost (Treatment method and Qreused,recycled)
Piping Cost (Distance and Qreused,recycled)
Pumping Cost (Head difference, distance and Qreused,recycled)
Excavation & Filling Cost (Distance)

Water Abstraction Cost (Qwithdrawal)
Cost because of buying recycled water from WWTP (Qreused,recycled)

Revenue because of selling wastewater (Qreused,recycled)
Energy Discount due to Reuse in WWTP (Qreused,recycled)

Qreused,recycled

Qreused,recycled, SW Potential, EFR, Downstream Water Demand

Emission due to Treatment (Treatment method and Qreused,recycled)
Emission due to Pumping Cost (Head difference, distance and Qreused,recycled)



RESULTS AND 
DISCUSSION
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Evaluation of the Circular Water Economy Alternatives

Ranking of the Circular Water Economy Alternatives

Initially, weights of indicators are same and 0.077 (13 indicators total)

Then, for an alternative where the importance of indicators changes, assigning a weight of 1 to 
certain indicators and 0 to others highlights their influence.

Alternatives are subsequently ranked from 1 to 52 using the degree of possibility method

the first alternative representing (w/ lowest Q values): the most 
preferred alternative

the 52nd indicating (w/ highest Q values): the least preferred 
alternative

QL and QU values of alternatives are calculated



19

Evaluation of the Circular Water Economy Alternatives

Most Preferred Alternative:
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Evaluation of the Circular Water Economy Alternatives

Most Preferred Alternative- Kütahya:

 Domestic WWTP
 74%  Discharge (Replenish)
 4% OIZ (Reuse)
 3%  Agriculture (SW) (Reuse)

 19%  Agriculture (GW) (Reuse)

 OIZ WWTP
 24%  Discharge (Replenish)
 76%  OIZ (Recyle)
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Evaluation of the Circular Water Economy Alternatives

Most Preferred Alternative- Eskişehir:

 Domestic WWTP
 41%  Discharge (Replenish)
 7% OIZ (Reuse)
 35%  Agriculture (SW) (Reuse)
 15%  Agriculture (GW) (Reuse)
 2%  Park (Reuse)

 OIZ WWTP
 38%  Discharge (Replenish)
 62%  OIZ (Recyle)
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Evaluation of the Circular Water Economy Alternatives
Most Preferred Alternative:

Since equal weight is given to the indicators 

no single indicator dominates an alternative

Figure 8. Indicator Ranking of the Most Preferred Alternative for 
Kütahya

Figure 10. Indicator Ranking of the Most Preferred Alternative for the 
Porsuk Sub-basin

Figure 9. Indicator Ranking of the Most Preferred Alternative for 
Eskisehir 
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Indicator Based Evaluation of the Circular Water Economy Alternatives

Most Preferred Alternative in terms of CO2 Emission (after S0-B and SR alternatives)  (SR-R32)

• Higher WW ratios sent from
Domestic WWTP to Agriculture
(SW) wrt BAU

• Higher discharge ratios from OIZs
to SW wrt BAU for Kütahya

• Higher recycle ratios in Eskişehir 
OIZ wrt BAU
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Evaluation of the Circular Water Economy Alternatives in terms of Naturalized Stream Flow- Annual Average

Figure 11. Schematic Representation of 
Status Assessments (Özcan Z. , 2023)
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Figure 12. Naturalized Streamflow at Flow 
Monitoring Station No. E12A051 - Annual 

Average

In 51 out of 52 alternatives, a 
sustainable result was observed by 
considering naturalized annual 
average streamflow values

Flow rate (m3/s)AlternativeFlow rate (m3/s)Alternative
6.69SR-R274.06S0-B
6.69SR-R287.14SR
6.83SR-R296.51SR-R3
6.66SR-R306.72SR-R4
6.43SR-R316.51SR-R5
6.60SR-R326.91SR-R6
6.71SR-R336.83SR-R7
6.68SR-R346.57SR-R8
6.42SR-R356.64SR-R9
6.66SR-R366.70SR-R10
6.71SR-R376.44SR-R11
6.53SR-R386.71SR-R12
6.66SR-R396.70SR-R13
6.73SR-R406.75SR-R14
6.57SR-R416.62SR-R15
6.70SR-R426.75SR-R16
6.70SR-R436.71SR-R17
6.53SR-R446.60SR-R18
6.85SR-R456.67SR-R19
6.65SR-R466.70SR-R20
6.61SR-R476.72SR-R21
6.51SR-R486.42SR-R22
6.86SR-R496.64SR-R23
6.88SR-R506.68SR-R24
6.74SR-R516.35SR-R25
6.68SR-R526.81SR-R26

Table 5. Calculated Water Remaining in the Surface Water 
for Each Alternatives

If 5.3<Q<11 m3/s 

Sustainable

Naturalized flows: the flow conditions in 
the absence of anthropogenic influences

Environmental flows: the quantity of freshwater 
necessary to sustain aquatic ecosystems 



CONCLUSION
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Conclusion The most preferred alternative by using suggested
framework:

•Sending 7% of the wastewater from domestic 
wastewater treatment (WWTP) in Eskişehir to the 
Organized Industrial Zone (OIZ),

•Sending 4% of the wastewater from the domestic WWTP 
in Kütahya to the OIZ,

•Approximately 70% of the wastewater being reused 
within the OIZs,

•Dispatching treated wastewater to agricultural sectors in 
Eskişehir, where farmers draw more from surface water, 
and in Kütahya, where they draw from groundwater.

•Sending 2% of wastewater from domestic wastewater 
treatment to parks in Eskişehir while not dispatching any 
to Kütahya.Figure 13. Suggested Framework for the evaluation of CE Alternatives

with MCDM
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