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Green Deal and Circular Economy

Linear Economy

Various approaches to achieving SDGs and WFD 2 o PP Make
targets under the WEFE Nexus framework.

l such as

The European Green Deal (2019)
aims

* to restore biodiversity

* to cut pollu‘“on Circular ECOI‘IOI’“Y
) Take. Make

* to keep resources in economic

. . Figure 1. Difference between Linear Economy and
CyCleS as long as pOSSIb"e Circular Circular Economy (ReMade-Roject,,n.d.)
* to accomplish a modern, , Economy
resource-efficient, and (10R)

competitive economy

s Refuse, Rethink, Reduce, Reuse, Repair, Refurbish,
q
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.

v' 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:

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)

Name of Principle Definition

Refuse Preventing the use of water S Macro Level

\\_, European Union,

Nations, Cities, Regions

Re-design/restructuring of the operational elements of water
Rethink utilization, including practices, procedures, regulations,

facilities, and technology

Using less water, extracting less water from the source and

Reduce
using water efficiently
Reuse Second or further use (by another user/owner) of water i 2
Recycle Second or further use (by the same user/owner) of water - hlicro Cavsl
Retrieval of valuable materials (i.e. organic matters, chemical ' s
Recover elements, biochemical compounds) and the retention or
i ‘ Figure 2. Levels in Circular Economy
generation of energy (Vanhamiki et al., 2019)
Restoring water that has been consumed by human activities
Replenish

back to natural ecosystems
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Method Selection:

Advantages of MCDM over other methods:
* interms of time and budget
* possibility of evaluating macro systems
* possibility of evaluation from both environmental and economic aspects

° need of less data Reasons for Selecting Extended VIKOR:

VIKOR:
— * numerical evaluation
* allows for the joint evaluation of multiple
criteriain the presence of conflicting
criteria
e provides a balanced assessment
e usefulin complex systems

| |

Extended VIKOR:
e usinginterval numbers,
indicating data uncertainty or
Figure 3. Multi-Criteria Decision Making Methods (Gebre et al., 2021) imprecision
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Overview of Methodology

Determination of Micro-
Meso and Macro Systems

}

Macro

Development of
, Circular Water
Economy
Alternatives

!

Development of
the Economic

Literature «— Constraints

| Literature — and

Environmental
Indicators |

Indicator : Evaluation of
. — Indicators —
Weights Circular Water

Economy
Alternatives

l

' Determination of |
the Most
Preferred

Alternative and
Assessment of
. Alternatives |

\\

WHY PORSUK
SUB-BASIN?

v" Surface Water - Porsuk Dam
(Eskisehir’s Drinking Water Source): by
2045 and 2065, the dam is projected to

be unable to fully meet irrigation water
demands

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

v" Semi-arid Watershed
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Development of Circular Water Economy Scenarios & Used Principles

Urban Sector:

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

Agricultural Sector:

e Utilization of domestic treated wastewater for

agriculturalirrigation (Reuse)
Industrial Sector:

e Utilization of domestic treated wastewater in industrial
processes and otherindustrial uses (Reuse)
e Utilization of industrial treated wastewater in industrial

processes and otherindustrial uses (Recycle)
Discharge:
natural

e Controlled discharge into the receiving

environment (Replenish)

In all of sub-basin: Reduction+Replenish

BOLU N

ysund
@
=
%
&
)

Legend

D Buffer Zone (30 km} |:| Parsuk Watershed Boundaries
|—| Groundwater Irrigation Areas l—‘ Dams and Lakes

Surface Water Irrigation Areas - Dams and Lakes (GDRS)

- from stream —— Parsuk River
"] from lakes Wastewater Treatment Plants
- from dams A ndustrial
N;‘(O"‘KW'N : from regulator £\ Domestic
s . City Centers b Reuse and Recycle
' 0 Town Centers W Reduce
Provincial Borders Replenish

75875 0 iTedis 35 525 it} # Organized Industrial Zones

Kilometers

Figure 4. Illustration of Circular Water Economy Principles in
the Porsuk Sub-basin
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Development of Circular Water Economy Alternatives

Eé‘li‘&'i implementation of hybrid cooling towers and process-based enhancements ‘1 5% reduction

’ in Eskisehir: 25% reduction

| prevention of losses and leaks
' in Kitahya: 35% reduction

!a_‘:;- adoption of efficient smart landscaping techniques ‘ 20% reduction

Reduction Ratios

SW: improvements in transmission lines: 30% reduction

)
GC) GW: application of surface irrigation methods and other enhancements: 20% reduction
<
@ £ Frove, @ i) Taou g
c Groundwater Pp E ! i Groundwater P K i
9 v— e = .- '| : Groundwater lv- S R -I 1 Groundwater
o < Bl @ & 1 4B & T g $56
xc .© = R=S : 770 o . 771
=+ t D\t:vn\;ve:;ic : Agriculture Dm:;ic : ————— Agriculture

(@] i Paswe : Pa,
58 T o
a 09_ E SR - : Surface Water
) : Pdi : TPdLK
m i di,E !

s . S " ﬁ

+ P: [BoBtE) < PiK [eotls) «——
o LE Industry Groundwater ; Industry Groundwater
24 et L
8 Posb,E Posb,K
o Figure 5. Representation of Variables in Circular Water Economy Figure 6. Representation of Variables in Circular Water Economy

Alternatives in Eskisehir Alternatives in Kutahya
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Development of Constraints

* water supply/demand balance mmmmp water should not be allocated to sectors in excess of their needs

1 PEE——

portion of domestic wastewater

~ Surface Water

sent to all sectors should be L8
/ equalto 1 o
* mass balance | -
portion of industrial wastewater | st ‘ ndustry
sent to all sectors should be ~ i boa s
equalto 1 ‘ ' :
/ not used for drinking purposes -
____________ At least 10%
* legal requirementments = o g sn

WWTP Agriculture

| -0
at least 10% of domestic WWTP to o Domestic

park and agriculture
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Development of Constraints

Table 2. Required Treatment Levels for Macro-Level Cross-Sectoral Symbioses (Republic of
Tarkiye, 2010; A. Olgag, personal communication, February 7, 2024, Yuksel Project)

Source Recipient Treatment Level
i Industry (Cooling . . - .
Domestic WWTP Disc Filter + Disinfection
Water)
° requli red treatment teChnOlogleS ‘ . Industry (Process Ultrafiltration + Disinfection +
Domestic WWTP .
Water) Reverse Osmosis
Domestic WWTP Agriculture (Class A) Disc Filter + Disinfection
Domestic WWTP Agriculture (Class B) Disinfection
Organized Industrial Industry (Cooling Disc Filter + Disinfection
Zone WWTP Water)
Organized Industrial Industry (Process Ultrafiltration + Disinfection +
Zone WWTP Water) Reverse Osmosis
* groundwater level ‘ groundwater extraction amounts < groundwater potential

surface water extraction amounts < surface water potential

s environmental flows =) &
EFR should be satisfied
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Development of Circular Water Economy Alternatives

Lower and Upper A pgthOﬂ ; Checking Constraints
Limits of Variables B Mass Balance

I; B Legal Requirements

e R Groundwater Level 1 alternative : Business As
eneratin ternatives
¥ M Environmental Flows Usual (BAU) (SO-B)
) Water Supply/Demand Balance tlf' ; tlf' ; ) )
¥ Required Treatment Technologies cc;r:erigts cona;:m S 1 alternative : with Reduce +
satisfied  satisfied Replenish (S R)

50 alternatives : with Reduce +

50 Alternatives with Reuse + Recycle + Replenish
S b (SR-R3, SR-R4,.....SR-R52)

Pa,sw,E Pa,swK
Pa,gw,E PagwK

Pi,E Pi,K
Pp.E Pp.K
Pd,E Pd.K

Posb,E Posb,K
Pdi,E Pdi K

Figure 7. The Algorithm for the Development of Alternatives
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Evaluation of Circular Water Economy Alternatives

Development of Indicators

/

. . B- Environmental Indicators
A- Economic Indicators

—
]
y—
+—
-]
Q.
c

Stakeholder system analysis
Sectoral system analysis

1- Water Productivity for Eskigehir and Kutahya (+) 1- Portion of Groundwater Utilized for Eskisehir and
2- Total Cost of Wastewater Treatment and Distribution Kitahya (-)
for Eskigehir and Kutahya' (-) o . 2- Portion of Surface Water Utilized for Porsuk Sub-
3- Total Cost of Water Tariffs for Eskisehir and Kutahya (-) basin (-
4-Economic Benefit for Eskisehir and Kutahya (+) 3- CO, Emission (-)

2

#EUGREENWEEK



Evaluation of Circular Water Economy Alternatives

1- Water PrOdUCtiVity (+) ‘ GDP of the sector & Qused & Qreused,recyc:led

2- Total Cost of Wastewater Treatment mmmmp ~ Treatment Cost (Treatment method and Qreuseq,recyctea)
and Distribution (-) Piping Cost (Distance and Q¢ sed recycled)
Pumping Cost (Head difference, distance and Q

Excavation & Filling Cost (Distance)

reused,recycled)

3- Total Cost of Water Tariffs (-) mmmmp \Vater Abstraction Cost (Quindrawal)
Cost because of buying recycled water from WWTP (Q

reused,recycled)

4-Economic Benefit (+) ‘ Revenue.because of selling wa.stewater (Qreused,recycled)
Energy Discount due to Reuse in WWTP (Q

reused,recycled)

5- Portion of Groundwater Utilized (-) s Q.. ,ccq recycted

6- Portion of Surface Water Utilized (-) ‘ Qreused,recycteds OV Potential, EFR, Downstream Water Demand

- CO, Emission (-) Emission due to Treatment (Treatment method and Q

reused,recycled)

Emission due to Pumping Cost (Head difference, distance and Q,¢seq recycted)
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RESULTS AND
DISCUSSION




Evaluation of the Circular Water Economy Alternatives

Ranking of the Circular Water Economy Alternatives

Q, and Q values of alternatives are calculated

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

the first alternative representing (w/ lowest Q values): the most the 52nd indicating (w/ highest Q values): the least preferred
preferred alternative alternative

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

9 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.
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Evaluation of the Circular Water Economy Alternatives

Most Preferred Alternative:

£ o

Groundwater %0 :
p Groundwater
| 5
---------- ! #50
: 771
Domestic :- ) -9?- :.gnr.l.iituu
:l! %74 T - — Porsuk Q ?
[©] i Surface Water m@_ Dam iy
Catant : Qenet- Eskigehir
Kitahya 3 %24 T Kitahya
1
- gh— &
- »
%4 Industry Groundwater
P
%76

&

Groundwater

1
I Groundwater
1
I
: b
1 &t b
1 774N
WWTP : Agriculture
' %35
__________ o &
Surface Water Q
CQend-
Eskizehir

%7 Industry
L A

%62
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Evaluation of the Circular Water Economy Alternatives

Most Preferred Alternative- Kitahya:

) 2.

Groundwater %50 :
i Groundwater
: K
: 7
Domestic I Bgriculture
03 Rd
wwep 0 TT= > T
:¢ %?4 e —— e
Q 1 Surface Water ,_Q._,
Setart- : K?e hd
Kirtahya I %24 I any
1
- A
- g —
%4

Industry Groundwater
'y

%76

» Domestic WWTP
v 74% -> Discharge (Replenish)
v 4% > OIZ (Reuse)
v' 3% - Agriculture (SW) (Reuse)

v 19% -> Agriculture (GW) (Reuse)

» OlIZ WWTP
v’ 24% -> Discharge (Replenish)
v 76% > OIZ (Recyle)
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Evaluation of the Circular Water Economy Alternatives

Most Preferred Alternative- Eskisehir:

ﬁ > Domestic WWTP
P -_-_?ff-__,ﬁ v 41% - Discharge (Replenish)
| % | v 7% - OIZ (Reuse)
e o] ; : L v’ 35% = Agriculture (SW) (Reuse)
'%‘ 259 v 15% - Agriculture (GW) (Reuse)
i"rféﬁ' "—‘*"fﬁ?é" ; T v' 2% - Park (Reuse)
P R . TR T S >
o | i— o
: s | % 01Z WWTP
@‘_ﬁ v 38% - Discharge (Replenish)
Ty O e v 62% > OIZ (Recyle)

A

%662
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Evaluation of the Circular Water Economy Alternatives

Most Preferred Alternative: Eskischir

Kiitahya Water Productivity -

Total Cost of Wastewater Treatment and
Distribution

Water Productivity -

Total Cost of \;?:It:t\:ﬂzf:'n'l'realsnent and é Total Cost of Water Tariffs
g Total Cost of Waler Tari[ls E— g Economic Benefit -
E Feonomic Benefi Portion of Groundwater Utilized -
Portion of the Groundwater Utilized :
@ 10 20 30 40 @
Ranking
Figure 8. Indicator Ranking of the Most Preferred Alternative for Figure 9. Indicator Ranking of the Most Preferred Alternative for
Kutahya Eskisehir
Porsuk Sub-Basin
.§ Portion of the Surface Water — . . . . . .
E Utilized Since equal weight is given to the indicators
& @ w2 3 4w
Ranking
Figure 10. Indicator Ranking of the Most Preferred Alternative for the
Porsuk Sub-basin no single indicator dominates an alternative
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Indicator Based Evaluation of the Circular Water Economy Alternatives

Most Preferred Alternative in terms of CO, Emission (after SO-B and SR alternatives) (SR-R32)

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

* Higher discharge ratios from OlZs
to SW wrt BAU for Klitahya

20
: Slo
"'.g:
s @

* Higherrecycle ratios in Eskisehir
OlIZ wrt BAU
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Evaluation of the Circular Water Economy Alternatives in terms of Naturalized Stream Flow- Annual Average

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

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

Hydrolegical Hydrological
Alteration ~ Alteration
Score Status

S = |
MMEZ Qv oo Unsustainable
: Qmax ]
|
4] WS < Qe 04
.......... T 1 1 4 ~
255 MMS = QTS i 1 Sustainable
_________ az2s )
i %N ! o0
------------- A A ek e _.:
q!l‘ill
MMS =0 il | Unsustainable

Figure 11. Schematic Representation of
Status Assessments (Ozcan Z. , 2023)

Annual Naturalized Streamflow
16,0

14,0
12,0 [
10,0

8,0

6,0
4,0

Naturalized Streamflow (m3/s)

2,0

0,0
Annual

Figure 12. Naturalized Streamflow at Flow
Monitoring Station No. E12A051 - Annual
Average

-

If 5.3<Q<11 m3/s

.

Sustainable

In 51 out of 52 alternatives, a

was observed by
considering naturalized annual
average streamflow values

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

Alternative Flow rate (m®/s) Alternative Flow rate (m3/s)

SR-R27 6.69

SR 7.14 SR-R28 6.69
SR-R3 6.51 SR-R29 6.83
SR-R4 6.72 SR-R30 6.66
SR-R5 6.51 SR-R31 6.43
SR-R6 6.91 SR-R32 | 6.60
SR-R7 6.83 SR-R33 6.71
SR-R8 6.57 SR-R34 6.68
SR-R9 6.64 SR-R35 6.42
SR-R10 6.70 SR-R36 6.66
SR-R11 6.44 SR-R37 6.71
SR-R12 6.71 SR-R38 6.53
SR-R13 6.70 SR-R39 6.66
SR-R14 6.75 SR-R40 6.73
SR-R15 6.62 SR-R41 6.57
SR-R16 6.75 SR-R42 6.70
SR-R17 6.71 SR-R43 6.70
SR-R18 6.60 SR-R44 6.53
SR-R19 6.67 SR-R45 6.85
SR-R20 6.70 SR-R46 6.65
SR-R21 6.72 SR-R47 6.61
SR-R22 6.42 SR-R48 6.51
SR-R23 6.64 SR-R49 6.86
SR-R24 6.68 SR-R50 6.88
SR-R25 6.35 SR-R51 6.74
SR-R26 6.81 SR-R52 6.68
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CONCLUSION




Conclusion

System Analysis with

WEFE Approach

Stakeholder

N

Sectoral System

Alternatives

System Analysis Analysis
Industry Agriculture Urban Ecosystem
Waler Value Chain Edromorphological | &
Ftspot Anaiysis Evaluation el
Motivations o Water D @
i
= = Impact on Water Evaluation £
izt = Tendency to Circularity Water Quality 5
e | = Willing (o Participate Analysis | 2]
| Interest-tmpaci Analysis « Feasibllity Analysis \ 2
Environmental Flow Y |
[ Social Network Analysis Eyalistion \/
Analysis of Current Situation y
i
o Determination of Pressures
>_Data Colfection
T T
! Determination of Micro- :
T |Meso and Macro Systems s
'
! !
Micro i Macro Meso
' 1
] Development of A
' Circular Water :
1 Literature — >  Economy < G
1 Alternatives. :
'
) 1
; 1
)  Development of '
: the Economic i
) Literature  —— and 1
' Environmental 1
' Indicators 1
) 1
) 1
' |
: i Evaluation of
» Indicator o hieniors e | Clrcular Water '
: Weights Economy '
'
1
1
'

Determination of
the Most

Preferred

|

1

I v
Alternative and ] Customisation of the Most

]

]

1

Preferred Alternalive to Meso <
Scale Systems

v
Customisation of the Most |
Preferred Alternative to Micro

Assessment of its
Feasibility

Scale Systems L e T I e e Determining Meso Subsystems to
Determining the Details of Micro- Include in Symbiotic Relationships
improvements in the inthe lndﬂsr;n:rl-gg‘v:a)rllural and

Industrial, Agricultural and Urban
Sector

Figure 13. Suggested Framework for the evaluation of CE Alternatives
with MCDM

The most preferred alternative by using suggested
framework:

eSending 7% of the wastewater from domestic
wastewater treatment (WWTP) in Eskisehir to the
Organized Industrial Zone (OlZ),

eSending 4% of the wastewater from the domestic WWTP
in Kitahya to the OlZ,

eApproximately 70% of the wastewater being reused
within the OlZs,

eDispatching treated wastewater to agricultural sectors in
Eskisehir, where farmers draw more from surface water,
and in Kutahya, where they draw from groundwater.

eSending 2% of wastewater from domestic wastewater
treatment to parks in Eskisehir while not dispatching any
to Kutahya.
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