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1. PILOT CITY DESCRIPTION


General description:
City Population: 53.337
City Area: 271.580 km2, Total coast line: 38 km
Hersonisos is a popular tourist destination. During summer, population increases due to the
high tourist influx. Hersonisos Municipality hosts approximately six million overnight stays
every tourist season (April to October).

Hersonisos, Greece



Climate
Hersonisos features a temperate climate, with prolonged dry summer season and wet winter.
Temperature fluctuates between 21.8oCand 28.7oC during summer and 9oC and 15.3oC in
winter, while mean annual temperature is about 16.7oC. Precipitation rate is of 481,1mm/year.
The average monthly rainfall fluctuates between 0.5mm in July and 99mm in January



Water resources
Hersonisos water supply is based on groundwater. 90 boreholes comprise the unique water
sources for drinking water and irrigation. They have a depth varied from 100m to 500m. There
is no water treatment, except of chlorination for potable water. The tanks for storing water
are made of reinforced concrete, and the pipeline network is made of PVC or PE.



Water management system
Water, wastewater and stormwater management in Hersonisos is the responsibility of the
Municipal Enterprise for Water and Wastewater of Hersonissos (MEWWH). MEWWH supplies
an estimate of approximately 4.000.000 m3 of water. It comprises of a separate drainage
system. The existing drainage network of Hersonissos is very limited and small, because is
intended to substitute non-existent or inadequate and abused natural hydro graphic network
(beds). This network consists of small inadequate parts of old and new pipelines with
rainwater wells located mainly along the beach roads.
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This network, however, is inadequate and combined with the virtual absence of lowland
riverbed forms an explosive mixture, especially in relation to expected flooding events.
Hersonissos WWTP is 12 year old.



Water related issues and challenges
• High tourist influx over summer months
• Expected further tourist development in the area
•Salination of the groundwater aquifer
• High losses in the distribution network
• Aging of existing networks
• Expected city expansion
• Storm water management.
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2. PILOT CASE 1: DEVELOPED AREA (MALIA)
2.1. GENERAL DESCRIPTION


Location map of Malia
Area: 3.300.000 m².
Population: About 4.000 inhabitants in the
winter, 20.000 in the summer.
Land use: Households, hotels, bungalows,
small green areas.
Type of
network.

drainage

network:

Separate

Figure2.1: Malia urban area

Figure 2.2, 2.3: Malia Town Hall, map of Crete

The stream “Chamoprina” that is located on the east side of Malia receives discharge from
smaller streams. Up until recently Malia did not have a stormwater drainage system while runoff
was conveyed to the sea via the road network. The stormwater management issue was partly
addressed after the construction of the stormwater drainage system of Malia, which was
designed to receive discharge from the whole area and from all streams including the
“Chamoprina” stream. Due to financial restrictions the pipe that would convey the water
discharge from the “Chamoprina” stream stops 200 meters before reaching the stream bed. As a
result only a small part of the runoff is conveyed in the stream and the remaining is drained
7

through the neighbouring street network. The purple line on Figure 2.1 demonstrates the
existing network.
During severe rainfall events, high runoff volumes come from the adjacent hills, and produce
local flooding problems in the lowest part and in downstream urban area. However, the flooding
is not affecting the urban area and it is restricted to field overflows in the rural surroundings.
Consequently, flooding is not considered a serious threat or issue in the region and scenarios
have not been designed so as to test for flooding.



Main problems/issues to be solved. Potential for improvement of stormwater management.

The main problems identified in the region are related to the design of the stormwater
management network and the lack of provisions for conveyance and treatment of the stormwater
volumes in order to ensure energy savings and sufficient water quality in the receiving water
bodies. In detail the problems identified are:





Undersized and ageing infrastructure in central areas.



Lack of infrastructure to convey runoff in the watercourses.



Watersheds and associated streams entering drains and urban areas.



Poor efficiency of ageing pumps.



Storage tanks constructed in wrong locations for efficient water transfer.

Expected energy benefits with SuDS option.
A green roof (300m2) and a vegetated swale (150 m2) will be designed for the drainage area
close to Malia Town Hall (Figure 2.2). The excess water during winter months and stormy
events will be drained via pipes into the vegetated swale. The green roof and the vegetated
swale will add on the aesthetics of the area and they have the potential to place a good
practice example for sustainable practices that can attract attention, facts that are very
important for Malia which receives high numbers of tourists every year. The proposed scheme
is expected to bring energy benefits such as:
1. The Green roof will improve the working environment in the Building and will directly
reduce the energy requirement for warming and cooling the building.
2. The Vegetated swale will receive overflow from the green roof and the paved area
surrounding the Town Hall. The amount of suspended solids in the runoff is expected to be
reduced; energy benefits will emerge as the level of runoff treatment is significantly
reduced. The vegetated swale will also contribute to increasing the aesthetics of the area
by introducing a green space in the built environment.
3. Relief to the “Chamoprina” stream and reduced requirement for conveying massive
volumes of water from and to waterways thus reduced energy requirement.
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4. On-site collection and treatment of rainwater, in opposition with the conventional
solution, reduces the requirement for pipes to convey stormwater to the wastewater
treatment plant and to the receiving water body.
5. Reduced volumes of stormwater reach the wastewater treatment, thus reduced energy
requirement.
6. Relief from potential future flooding associated to the city expansion bears social and
energy benefits due to reduced compensation measures.
7. Reduced energy consumption due to reduced maintenance requirement of the drainage
system.

2.2. GENERAL MODEL DATA


Description of data included in this menu.
The data used were obtained from the Municipal Enterprise for Water Management of
Hersonissos. Data that was not available were obtained from literature regarding conditions in
Greece and Crete. Data included are listed below:
Country: GREECE
Economic units: EUROS (€)
Electricity price (€/kWh): 0.15
Electricity emissions (Kg CO2/kWh): 0.718 (Default Value)
Period of analysis (years): 50
Economic discount rate (%): 3.0
The study area of Malia features a temperature climate with prolonged dry summer and wet
winter. Temperature fluctuates between 21.8 ⁰C and 28.7⁰C during summer and 9 ⁰C and 15.3
⁰C in winter.
Precipitation rate is of 481,1mm/year. The average monthly rainfall fluctuates between 0.5mm
in July and 99mm in January.



Comparison between real data and default values is not applicable in many occasions due to
lack of local values and use of many default values. However, the comparison in relation to
costs (data are available) demonstrate reduced costs at local level in relation to the default
values.
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2.3. SCENARIO 1: CONVENTIONAL DEVELOPMENT
2.3.1. General description



General description of proposed solution.

The stormwater drainage system of Malia is designed to receive discharge from the whole area
and from all streams. The area of Malia is drained via separate network which directly conveys
water into the main stream and the sea. As a result there is no provision for improved water
quality, the water enters the receiving water body without receiving any treatment not even for
the removal of big-sized solid waste. An additional issue is the restricted coverage of the pipe
network that is not able to cover the expanding urban area.

The current conventional development for the area surrounding the Malia Town Hall includes a
pipe network of 500 m length and a conventional roof on the Malia Town Hall.



pipe network (500m)

Figure 2.4: Conventional development, pipe network



Conventional roof in town hall: 300m2 (introduced to be compared with the green roof
scenario)

Figure 2.5: Aerial photo of the roof in Malia town hall
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Map of these solutions.
The purple line on Figure 2.1 demonstrates the existing network.



General criteria that have guided the design of drainage infrastructures.
The general criteria guiding the design include: precipitation rate, runoff volume, runoff speed,
size of area drained, while water quality at outflow and conveyance of runoff have been taken
into account.

2.3.2. Drainage infrastructures included in the scenario



Description of included infrastructures.
The drainage system of Malia consists of two parts: the minor and the major part. The minor
system comprises pipes, manholes, storm drains and catch basins. The major system
comprises rectangular concrete or trapezoid open channels with inner dimensions between 1
to 2m height and between 1 to 2,5m width. There are also big reinforced concrete pipes with
nominal diameters from 400mm to 1000mm, bell type with rubber ring.
There are six major basins in the greater Malia area. The rain load is collected by storm drains
and catch basins and through minor system piping is led to the major drainage network and it
finally ends at the Malia Sea.
The total length of major and minor network is about 13,5km and there are about 900 storm
drains in the whole drainage system



Design criteria followed in each infrastructure.
o

Pipe network: 500m (separate network – water is discharge into Malia’ s Wastewater
Treatment Plant and into the sea)

o

Conventional roof in town hall: 300m2 (introduced to be compared with the green
roof + vegetated swale scenario)



Summary of values included in the DST.



Pipe network: 500m
o

Unit construction cost (costs of designing and installing): 0.0 €

o

Unit energy consumed during construction (energy consumed during the construction
of a drainage infrastructure): 0.0 kWh

o

Unit emissions during construction (CO2 emissions produced during the construction of
a drainage infrastructure): 0.0 kgCO2e

o

Unit maintenance cost (average annual maintenance costs of a drainage
infrastructure): 0.5 €/year/m

o

Unit energy consumed for periodic maintenance (average annual energy consumed
during the maintenance of a drainage infrastructure): 1.6048 kWh/year

o

Unit emissions for periodic maintenance (average annual CO2 emissions produced
during the maintenance of a drainage infrastructure): 0.4288 kgCO2e/year
11





o

Number of trips for annual maintenance: 1 trip/year

o

Average distance for annual maintenance: 2 km

o

Lifespan (expected lifespan for each drainage infrastructure, default value based on
literature references): 35 years

o

Land take costs (cost of occupying a zone in the urban area): 0.0 €

Conventional roof in town hall: 300m2
o

Unit construction cost (costs of designing and installing a drainage infrastructure): 0.0€

o

Unit energy consumed during construction (energy consumed during the construction
of a drainage infrastructure): 0.0 kWh

o

Unit emissions during construction (CO2 emissions produced during the construction of
a drainage infrastructure): 0.0 kgCO2e

o

Unit maintenance cost (average annual maintenance costs of a drainage
infrastructure): 0.5 €/year/m

o

Unit energy consumed for periodic maintenance (average annual energy consumed
during the maintenance of a drainage infrastructure): 1.6048 kWh/year

o

Unit emissions for periodic maintenance (average annual CO2 emissions produced
during the maintenance of a drainage infrastructure): 0.4288 kgCO2e/year

o

Number of trips for annual maintenance: 1 trip/year

o

Average distance for annual maintenance: 2 km

o

Lifespan (expected lifespan for each drainage infrastructure, default value based on
literature references): 35 years

o

Land take costs (cost of occupying a zone in the urban area): 0.0 €

Process followed to estimate construction and maintenance costs.
The construction and maintenance costs are estimated with the unitary costs proposed in the
E²STORMED DST, multiplying them by the main characteristic of each infrastructure. The
results for each infrastructure are shown in Table 2.1.
Infrastructure

Construction
cost (€)

Maintenance
cost (€/year)

Land take cost
(€)

Lifespan
(years)

Pipe network: 500m

0.0

250.0

0.0

35

Conventional roof in
town hall: 300m2

0.0

150.0

0.0

35

Scenario 1

Table 2.1: Lifecycle costs (Conventional development)
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Process followed to estimate energy consumed and emissions during construction and
maintenance.
The construction and maintenance energy consumption and emissions are obtained with the
procedure using unitary values proposed in the E²STORMED DST, multiplying them by the main
characteristic of each infrastructure. The results for each infrastructure of each scenario are
shown in Table 2.2.
Infrastructure

Construction
energy
consumed
(kWh)

Maintenance
energy
consumed
(kWh/year)

Construction
emissions (kg
CO₂)

Maintenance
emissions
(kg
CO₂/year)

Pipe network:
500m

0.0

1.6048

0.0

0.4288

Conventional roof
in town hall:
300m2

0.0

1.6048

0.0

0.4288

Scenario 1

Table 2.2: Lifecycle energy consumed and emissions (Conventional development)

2.3.3. Water reuse
This part is not addressed in the case of the Municipality of Hersonissos because no rain water
systems or water butts are used and no significant volumes of drinking water are used in
drainage infrastructures for irrigation or cleaning.

2.3.4. Stormwater runoff



Description of the hydraulic model used to analyze runoff.
There was no use of hydraulic model to analyze runoff; however, the runoff data used in this
scenario are, the following:
o

Runoff coefficient of conventional roofs: 0.9

o

Runoff coefficient of rest of urban area: 0.6

o

Drainage area in conventional drainage network: 20000 m² – 300 m²(conventional
roof)

o

Default values are used to estimate runoff volume reduction

The obtained annual runoff volume is 5903.1m³/year
The peak outflow has not been included as a criterion in the multi-criteria analysis therefore
this information has not been completed.
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Comparison between hydraulic model results and runoff results obtained with the estimation
panel.
Such comparison is not applicable due there was no use of hydraulic model to analyze runoff
and runoff results obtained with the estimation panel only.



Global results obtained in this tab.
Infrastructure

Overflow
drains into

Pipe network

Separate
network

Conventional
roof

Pipe network

Average annual rainfall:

Drainage
area (m2)

Runoff
coefficient

Percentage of
volume
reduction (%)

Runoff
production
(m3)

20000

0.6

0

5903.1

300

0.9

0

129.9

481.1 mm
Table 2.3: Runoff volume (Conventional development)

2.3.5. Conveyance and treatment
The stormwater drained from the conventional roof and the amounts conveyed via the
conventional pipe network are directly discharged into the environment, using the forces of
gravity. Conveyance and treatment costs do not, therefore, apply in this occasion. In addition,
it is estimated that there is water losses in the network of about 35%.
Provided we would like to compare solutions with equal or similar runoff quality, we would
have to take into account the energy consumed and the cost of conveyance to treatment
plants, as well as those for the treatment of the runoff. In this case, and in order to test the
described scenario, we make use of the default values for conveyance and treatment, that is:
Treatment cost: 0.0185 €/m3
Treatment energy consumption: 0.01 kwh/m3
Treatment emissions: 0.00718 kgCO2/m3
Total cost: 70.985 €/year
Total energy consumed: 38.37 KWh/year
Total emissions: 27.55 kgCO2/year

2.3.6. Water quality
In the Municipality of Hersonissos there is no regular runoff water quality analysis. However,
for reasons of valid comparison we will assume improved water quality on the outflow using
water treatment. The pollutants removal characteristics provided by the conventional scenario
are:
Runoff catchment characteristics: Commercial zones
Minimum number of infrastructure components with effective pollutant removal capacity: 2
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Infrastructure

Total
suspended soils
removal
efficiency

Nutrients removal
efficiency

Pipe network

Low

None

Low

Conventional
roof

None

None

None

Suspended soils removal efficiency

None

Nutrients removal efficiency

None

Heavy metals removal efficiency

None

Average water quality

Very Low

Heavy metals removal
efficiency

2.3.7. Flood protection
The area of Malia is not currently facing flooding problems. Although there might be overflow of the
pipe network, this is mainly affecting rural areas and is resulting in insignificant amounts of excess
runoff on street level during/after extreme rainfall events. In addition, there has never been any
incidence of households being flooded or affected in any way. The excess runoff is usually small and it
infiltrates in the ground as fast as not to enable extrapolating any results relating to flooding.
Consequently, the flooding issue is not addressed in the application of the DST and no hydraulic model
to obtain flooding areas and related results has been used. Still the addition of 500m pipes in the
existing network is expected to convey the runoff in a more efficient way.

2.3.8. Building insulation
This part is not addressed in this scenario because green roof is not included.

2.3.9. Summary

Table 2.4: Summary table obtained in summary tab (Conventional development)
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2.4. SCENARIO 2: DEVELOPMENT WITH SUDS
2.4.1. General description



General description of proposed solution.
A green roof (300m2) and a vegetated swale (30 m2) will be designed for the drainage area
surrounding the Malia Town Hall (Figure 2.2). The excess water during winter months and
stormy events will be drained via pipes into the vegetated swale. The green roof and the
vegetated swale will add on the aesthetics of the area and they have the potential to place a
good practice example for sustainable practices that can attract attention, facts that are very
important for Malia which receives high numbers of tourists every year.
The proposed solution is the Green roof in town hall: 300m2and the vegetated swale (30m2) in
the surrounding area of the town hall. There is no real construction either of the green roof or
of the vegetated swale in the Town hall. The conventional roof as it looks today is included as
Figure 2.5, section 2.3.1.

Figure 2.6: Green roof in town hall

Figure 2.7: Vegetated swale

General criteria that have guided the design of drainage infrastructures.
1. Green roof will improve the working environment in the Building and will directly
reduce the energy requirement for warming and cooling the building.
2. The Vegetated swale will receive overflow from the green roof and the paved area
surrounding the Town Hall. In this way it will minimise the risk of flooding and it will
reduce suspended solids in runoff, while it will contribute to increasing the aesthetics
of the area by introducing a green space in the built environment.
3. Relief to the “Chamoprina” stream and reduced requirement for conveying massive
volumes of water from waterways.
4. On-site collection and treatment of rainwater, in opposition with the conventional
solution, reduces the requirement for pipes to convey stormwater to the wastewater
treatment plant and to the receiving water body.
5. Reduced volumes of stormwater reach the wastewater treatment, thus reduced
energy requirement.
16

6. Improved flow attenuation to reduce the need for pumping.
7. Reduced energy requirement due to reduced maintenance of the drainage system
where the detention basin is connected.
8. Amenity and ecology benefits, due to the improved aesthetics and the introduction of
greenery in the urban setting.

2.4.2. Drainage infrastructures included in the scenario



Description of included infrastructures.
A green roof (300m2) and a vegetated swale (150 m2) will be designed for the drainage area
close to Malia Town Hall (Figure 2.2). The green roof and the vegetated swale will add on
the aesthetics of the area and they have the potential to place a good practice example for
sustainable practices that can attract attention.




Figure 2.2, 2.5 demonstrates Malia Town Hall where a green roof and a vegetated swale are
proposed to be constructed.
Design criteria followed in each infrastructure.
o

Vegetated swale: 30 m2 for the drainage area close to Malia Town Hall (separate
network – water is directly discharged into the sea)

o

Green roof in town hall: 300m2



Summary of values included in the DST.



Vegetated swale: 30 m2
o

Unit construction cost (costs of designing and installing a drainage infrastructure):
15.0 €/m2

o

Unit energy consumed during construction (energy consumed during the construction
of a drainage infrastructure): 1284.6 kWh

o

Unit emissions during construction (CO2 emissions produced during the construction of
a drainage infrastructure): 402.3kgCO2

o

Unit maintenance cost (average annual maintenance costs of a drainage
infrastructure): 0.5€/year/m2

o

Unit energy consumed for periodic maintenance (average annual energy consumed
during the maintenance of a drainage infrastructure): 8.7686 kWh/year

o

Unit emissions for periodic maintenance (average annual CO2 emissions produced
during the maintenance of a drainage infrastructure): 2.3216 kgCO2e/year

o

Number of trips for annual maintenance: 2 trips/year

o

Average distance for annual maintenance: 2 km

o

Lifespan (expected lifespan for each drainage infrastructure): 35 years

o

Land take costs (cost of occupying a zone in the urban area): 15,000 €
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Green roof in town hall: 300m2
o

Unit construction cost (costs of designing and installing a drainage infrastructure):
120.0 €/m2

o

Unit energy consumed during construction (energy consumed during the construction
of a drainage infrastructure): 27984.0kWh

o

Unit emissions during construction (CO2 emissions produced during the construction of
a drainage infrastructure): 8433.0kgCO2e

o

Unit maintenance cost (average annual maintenance costs of a drainage
infrastructure): 2.0 €/year/m2

o

Unit energy consumed for periodic maintenance (average annual energy consumed
during the maintenance of a drainage infrastructure): 3.2096 kWh/year

o

Unit emissions for periodic maintenance (average annual CO2 emissions produced
during the maintenance of a drainage infrastructure): 0.8576 kgCO2e/year

o

Number of trips for annual maintenance: 2 trips/year

o

Average distance for annual maintenance: 2 km

o

Lifespan (expected lifespan for each drainage infrastructure): 35 years

o

Land take costs (cost of occupying a zone in the urban area): 0.0 €

Process followed to estimate construction and maintenance costs.
The construction and maintenance costs are estimated with the unitary costs proposed in the
E²STORMED DST, multiplying them by the main characteristic of each infrastructure. The
results for each infrastructure are shown in Table 2.5.
Infrastructure

Construction
cost (€)

Maintenance
cost (€/year)

Land take cost
(€)

Lifespan
(years)

Vegetated swale:
30m2

450.0

15

15000.0

35

Green roof in town
hall: 300m2

36,000.0

600

0

35

Scenario 2

Table 2.5: Lifecycle costs (SuDS development)



Process followed to estimate energy consumed and emissions during construction and
maintenance.
The construction and maintenance energy consumption and emissions are obtained with the
procedure using unitary values proposed in the E²STORMED DST, multiplying them by the main
characteristic of each infrastructure. The results for each infrastructure of each scenario are
shown in Table 2.6.
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Infrastructure

Construction
energy
consumed
(kWh)

Maintenance
energy
consumed
(kWh/year)

Construction
emissions (kg
CO₂)

Maintenance
emissions
(kg
CO₂/year)

Vegetated swale:
30m2

1,284.6

8.7686

402.3

2.3216

Green roof in town
hall: 300m2

27,984.0

3.2096

8,433.0

0.8576

Scenario 2

Table 2.6: Lifecycle energy consumed and emissions (SuDS development)

2.4.3. Water reuse
This part is not addressed in the case of the Municipality of Hersonissos because no rain water
systems or water butts are used and no significant volumes of drinking water are used in
drainage infrastructures for irrigation or cleaning.

2.4.4. Stormwater runoff



Description of the hydraulic model used to analyze runoff.
There was no use of hydraulic model to analyze runoff; however, the runoff data used in this
scenario are, the following:
o

Runoff coefficient of green roofs: 0.9

o

Runoff coefficient of vegetated swale: 0.6

o

Drainage area in conventional drainage network: 20000 m² – 300 m²(green roof)

o

Default values are used to estimate runoff volume reduction

The obtained annual runoff volume is 3269.4m³/year
The peak outflow has not been included as a criterion in the multi-criteria analysis therefore
this information has not been completed.



Comparison between hydraulic model results and runoff results obtained with the estimation
panel.
Such comparison is not applicable due there was no use of hydraulic model to analyze runoff
and runoff results obtained with the estimation panel only.



Global results obtained in this tab.
Infrastructure

Overflow
drains into

Drainage
area (m2)

Runoff
coefficient

Percentage of
volume
reduction (%)

Runoff
production
(m3)
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Vegetated
swale

Separate
network

20000

0.6

44

3269.4

Green roof

Vegetated
swale

300

0.9

50

64.949

Average annual rainfall:

481.1 mm
Table 2.7: Runoff volume (SuDS development)

2.4.5. Conveyance and treatment
This part is not addressed in the case of the Municipality of Hersonissos because there is no
stormwater pumping and treatment. The excess runoff will be treated by the SuDS in place
that achieve high levels of suspended solids removal and medium removal of heavy metals.

2.4.6. Water quality
Runoff catchment characteristics: Commercial zones
Minimum number of infrastructure components with effective pollutant removal capacity: 2
Infrastructure

Total
suspended
solids removal
efficiency

Nutrients removal
efficiency

Heavy metals removal
efficiency

Vegetated
swale

High

Low

Medium

Green roof

High

Low

Medium

Suspended soils removal efficiency

High

Nutrients removal efficiency

Low

Heavy metals removal efficiency

Medium

Average water quality

Medium

2.4.7. Flood protection
This part is not addressed in this scenario as there is no record of serious flooding incidences
(see section 2.3.7.)

2.4.8. Building insulation



Description of data included in this tab.
The data in this section have been obtained from real life measurements and literature.
Malia features a temperate climate, with prolonged dry summer season and wet winter.
Temperature fluctuates between 21.8oC and 28.7oC during summer and 9oCand 15.3oC in
winter, while mean annual temperature is about 16.7oC.
o

Green roof area: 300m2

o

Town hall heating system: Electric system, price: 0.15 €/kWh
20

o

Use schedule: From 7 am to 15 pm

o

Number of days of building use per month: 22

o

Winter months: From November to March

o

Summer months: From May to September

To complete the required data, default values are used. The building insulation benefits are
estimated in 12.682 €/year, 84.55 kWh saved/ year and 60.707 Kg CO2e avoided/year. The
energy saved profiles are shown in Figure 2.8.

Figure 2.8: Building insulation estimation panel

2.4.9. Summary
SuDS Development

Construction of infrastructures
Maintenance of infrastructures
Infrastructure landtake

Financial cost

Energy consumption

Emissions

36450
615
15000

29268,6
11,9782

8835,3
3,1792

-

-
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Potable water consumed and saved
Stormwater conveyance and treatment
Flood protection
Building insulation
Carbon dioxide reduction
Other costs and benefits

0

0

0

0
0
-12,682
0
850

0
0
-84,55
0
0

0
0
-60,707
-2038,9
0

2.5. RESULTS
2.5.1. Time graphs



Global time graphs obtained with the DST (graph and tables).
Figure 2.9, 2.10 and 2.11 show the time graphs obtained with data for Malia conventional and
SuDS development. The overall maintenance costs for “Conventional Development” is lower
than in the case of the SuDS development scenario, however, the energy consumption and
emissions in the “SuDS Development” are quite lower, which eventually pay back in the long
run in matters of actual cost. The construction costs are not included in this analysis as the
conventional scenario is in place, meaning there will be no construction cost attributed to this
scenario and the green roof with the vegetated swale scenario will have to be implemented
from scratch so construction costs apply. Therefore, there is no basis for comparison in
matters of construction costs.

Figure 2.9: Cost at use (incl. maintenance costs)
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Figure 2.10: Energy consumption at use
(incl. maintenance, conveyance and
treatment

Figure 2.11: Energy consumption to include
building insulation benefits

Figures 2.10 and 2.11 demonstrate reduced energy consumption in the SuDS scenario. Figure
2.11 takes also into account the building insulation benefit. The negative values signify the
clear energy savings related to building insulation, while Figure 2.12 demonstrates a clear
reduction in the release of CO2 emissions from the SuDS scenario.

Figure 2.12: Time graph of CO2 emissions at use



Explanation and justification of results.
As indicated in Figure 2.9 cost at use is lower in the case of the conventional scenario and this
can be attributed to the reduced need of maintenance for the first 35 years of construction
lifespan. The green roof and the vegetated swale, although in need only of vegetation
maintenance, they require efforts and time during their operation. However, this cost is
outbalanced by the energy savings from building insulation as indicated in Figures 2.10 and
2.11, which eventually and in the long - run lead to cost savings. The negative values in Figure
2.11 indicate the energy savings provided by the SuDS scenario.
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In addition, the SuDS development scenarios clearly demonstrate reduced rates of CO2
emissions (Figures 2.12), at the rate of up to 87,22KgCO2/year.
At this point it should be mentioned that the green roof obviously increases the building
insulation; the highest energy saving is expected in winter months, reaching 9.5 kWh of saved
energy per hour at 7-8 o’clock in the morning while averaging energy saving of about 6.2 kWh
per hour at 10.00 – 14.00 o’clock.
During the summer, the highest energy saving, reaching 5.0 kWh of saved energy per hour at
midday (10.00 – 14.00 o’clock) while the saved energy per hour at 8-10 o’clock in the morning
reaches 1.5 kWh.
It should be noted that the graph of Figure 2.8 only depicts energy savings during working
hours of the town hall, thus 7.00 am to 15.00 pm.

2.5.2. Decision criteria



Decision criteria have been chosen using participatory methods among local stakeholders and
managers participating in the regional (Hersonissos) working groups.
In the case of the “Developed area- Malia”, the following decision criteria have been chosen
for the multi-criteria analysis:
-

Building insulation energy saved:

25% (worst: 0, best: 84.55kWh/year)

-

Evaluation of ecosystem services:

15%

-

Net cost of stormwater management:

10% (worst: 1.257e+05€, best: 0)

-

Net energy consumed by stormwater
management:

15% (worst: 55390, best: 0kWh)

-

Net emissions of storm. management (kgCO2e):

15% (worst: 1484.7, best: -87022

-

Global outflow water quality:

20%

All these criteria are computed directly by the E²STORMED DST using the data previously
introduced. The best and worst default values has been used in all the criteria, but in the net
cost criteria, in which a worst value of 1.257e+05€ has been introduced (maximum budget for
stormwater management in this urban area for the analyzed period).

2.5.3. Multi-criteria analysis results
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Circular results per scenario (graphs and table).

Figure 2.13: Multi – criteria results for Conventional Development

Figure 2.14: Multi – criteria results for SuDS Development
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Table 2.9:Multi – criteria results for Conventional Development

Table 2.10:Multi – criteria results for SuDS Development



Global results (graph and table).

Figure 2.15: Graph of global results of multi – criteria analysis

Table 2.11:Global results of multi – criteria analysis
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Explanation and justification of results.
Graphs for the two scenarios analyzed above have been obtained. Figures 2.13 and 2.14,
demonstrate the multi-criteria analysis for the conventional and for the SuDS development,
respectively. In the case of conventional drainage scenario (F.13) the criteria represented are:


Evaluation of ecosystem services, small contribution to the provided ecosystem
services, attributed only to the runoff conveyance from streets.



Net cost of stormwater management



Net energy consumed by stormwater management

In this scenario building insulation, CO2 emissions, and water quality benefits are not
demonstrated as they seem to be insignificant. On the contrary in the case of SuDS
development there are clear benefits in relation to building insulation, reduced CO2 emissions,
outflow water quality, while the ecosystem services seem to be benefited at equally high
rates.
Overall, as it can be observed in Figure 2.15, the global score of the “SuDS Development”
scenario is almost 60%, while the score of the “Conventional development” scenario is close to
25%.
In summary, “SuDS Development” would be recommended according to the multi – criteria
analysis results.

2.6. CONCLUSIONS


General comments on the tool application.
In the case of Malia, two scenarios have been examined on the basis of providing same
outflow water quality. As there is no provision for improved water quality in the conventional
development scenario, conveyance and treatment was added in the tool application in order
to ensure outflow water quality equal or similar with the one from the SuDS development
scenario, i.e. green roof. However, in order to get valid results, scenarios should have been
developed and tested on the grounds of obtaining same temperature within the building. As
building temperature was not an option within the tool application, outflow water quality was
used as a measure. It would, however, have been really useful if the energy used to maintain
certain temperature within the building, was compared under the two scenarios. The reason is
that there is high requirement for energy use in the Malia Town Hall, for heating during winter
months and cooling during summer months, while air conditioning is used throughout the year
for both heating and cooling. It would thus be of great interest if the energy savings obtained
by the use of the green roof could be assessed, while maintaining the desired temperatures.
Such results would also be of great interest for the hotel sector, as it could demonstrate clear
energy savings in case green roofs are applied. This would be particularly useful for the case of
hotels being located uphill or on hill slopes, as it would enable watering of the green roofs of
the lower buildings using the forces of gravity without any additional energy requirement from
intermediate pumping of the collected rain water.
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Final conclusions to support the decision-making process in this urban area.
The SuDS development scenario although it involves higher construction (as new
development) and maintenance costs, it overall, demonstrates clear benefits in matters of
energy saving, reduction in the rate of the CO2 emissions, and cost efficiency in the long run.
In addition, the multi-criteria analysis of the 2nd scenario demonstrated clearly the benefits
offered in the case of the SuDS development scenario in matters of evaluation of ecosystem
servicesand energy saving due to building insulation.



Benefits achieved with SuDS solution.
SuDS will contribute to introducing a sustainable way of treating runoff, which demonstrates
obvious energy savings and environmental benefits. The green roof, in particular, is also
expected to contribute towards improving insulation of the building that will reduce the
energy requirement for warming and cooling. It will also provide better environmental
conditions for the working staff and visitors and will provide a paradigm of how municipal
buildings can reduce energy costs and engage in innovative environmental friendly practices.
The vegetated swale will receive the runoff overflow and thus is expected to minimise the
flood risk while it will provide removal of suspended. The rainwater conveyed via the swale will
carry reduced pollutant load and it will affect the receiving water body to the least possible
extent.
The SuDS solution will provide relief to the natural streams and water bodies through flow
attenuation and reduction of the flow speed, and conveying smaller and cleaner amounts of
water. Thus, the restoration costs are clearly reduced.
The SuDS solution also bears social benefits as it provides readily usable open green space to
the public, and it introduces the concept of sustainable management of resources within the
urban environment. Finally, amenity and recreation, although ideas undermined when we
refer to drainage, are addressed for the first time.
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3. PILOT CASE 2: NEW DEVELOPMENT AREA (GOURNES)
3.1. GENERAL DESCRIPTION


Location map of Gournes.
Area: 400.000 m².

Expected population: About 300 inhabitants in the winter,
Current land use: Households, hotels.
Expected Land use: Households, hotels.
Type of drainage network: A stream.

Figure 3.1: Gournes main stream bridge

Figure 3.2: Gournes main stream



Main problems/issues to be solved. Potential for improvement of stormwater management.
The main problem identified in the area of Gournes is related to the inadequate stormwater
management planning for the area. The Gournes area, a rural sparsely inhabited area once, is
not rapidly expanding due to tourist development. Forty or thirty years ago the existing
channel was big enough to carry a 50 year period high runoff flood. Before the tourism boom,
there used to be 3 or 4 natural streams in the area, which have now been culverted due to the
city expansion. During the last years though, many houses and hotels have been built, while all
streams have been covered except for the main stream which currently receives and conveys
the water volume as a whole. The projected expansion of the city will impose issues related to
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water conveyance and potential flooding. Therefore, there is requirement for appropriately
addressing the issue of stormwater management.
Two solutions/scenarios have been identified for the area and have been tested using the
E2STORMED DST. The 2 scenarios have been tested on the basis of same cost construction
(€58500 for the case of conventional development and €55500 for construction and landtake
in the case of SuDS):



1.

To construct a separate pipe network with the following characteristics: big pipes of
diameters more than 1000 mm, and rectangular concrete open channels with inner
dimensions between 1 to 2m height and between 1 to 2,5m width. The big problem of this
solution is the lack of space as most of the streets are very narrow. Furthermore, there are
many other networks passing below those streets such as sewer pipes, electricity
networks, telephone networks, optical fibbers etc.

2.

To build in a detention basin to convey the runoff from the city expansion. The detention
basin would have a surface area of 150m2.

Expected energy benefits with SuDS option.
The proposed SUDS solution for the area would be the construction of a detention basin on
the outskirts of the built area. The detention basin will serve a small part of the town that is
not currently connected to the drainage system, and the water will be conveyed via pipes. This
solution would serve the flow attenuation requirement along with offering aesthetic and
recreational benefits, which are highly valued in a touristic area. In addition, it will offer relief
to the main stream, it will reduce erosion rate on the stream bed and the surrounding area,
and it will promote further development in the area; the area to be served by the detention
basin will be adequately drained and, therefore, will attract more development. The SuDS
option is expected to provide:
1. Relief to the main stream via flow attenuation and reduction of flow speed and reduced
requirement for conveying massive volumes of water from waterways.
2. On-site collection and treatment of rainwater, in opposition with the conventional
solution, reduces the requirement for pipes to convey stormwater to the wastewater
treatment plant and to the receiving water body.
3. Reduced volumes of stormwater reach the wastewater treatment, thus reduced energy
requirement due to reduced pumping.
4. Reduced energy requirement due to reduced maintenance of the drainage system where
the detention basin is connected.
5. Ecological and amenity benefits provided by the construction of an open-green space
within the urban setting in contrast to a pipe network.
6. Potential for water reuse in the future to provide irrigation water for olive crops.

3.2. GENERAL MODEL DATA


Description of data included in this menu.
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The data used in this section are data obtained from the Municipal Enterprise for Water
Management of Hersonisos and from literature regarding Crete. When no other sources of
data were available there was use of the DST default data. General data included are:
Country: GREECE
Economic units: EUROS (€)
Electricity price (€/kWh): 0.15
Electricity emissions (Kg CO2/kWh): 0.718 (Default Value)
Period of analysis (years): 50
Economic discount rate (%): 3.0
The study area features a temperature climate with prolonged dry summer and wet winter.
Temperature fluctuates between 21.8 ⁰C and 28.7⁰C during summer and 9 ⁰C and 15.3 ⁰C in
winter.
Precipitation rate is of 481,1mm/year. The average monthly rainfall fluctuates between 0.5mm
in July and 99mm in January.



Comparison between real data and default values is not applicable due to lack of local values
and use of many default values.
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3.3. SCENARIO 1: CONVENTIONAL DEVELOPMENT
3.3.1. General description



General description of proposed solution.
The proposed solution is to broaden the width of areas main stream.
The proposed solution will be a drainage network with pipes of 1meter diameter and
rectangular concrete open channels 1x2m until 2x2,5m. The problem of this solution is the lack
of space as most of the streets are very narrow. Furthermore there are many other networks
passing below those streets such as sewer pipes, electricity networks, telephone networks,
optical fibers etc.



The proposed solution is: pipe network 900m to cover an area of 26000m2(separate network –
water is discharge into a stream)

Figure 3.3:Aerial photo of the area of Gournes hamlet



General criteria that have guided the design of drainage infrastructures.

The general criteria guiding the design include: precipitation rate, runoff volume, runoff speed,
size of area drained.
1. During severe rainfall events, high runoff comes from the adjacent hills, and increases the
runoff volumes downstream
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2. Relief to the main stream and reduced requirement for conveying massive volumes of water
from waterways.

3.3.2. Drainage infrastructures included in the scenario



Description of included infrastructures.
Gournes main stream is not big enough to receive the high runoff discharge of the whole area.
The proposed solution will be a drainage network with pipes of 1meter diameter and
rectangular concrete open channels 1x2m until 2x2,5m. The problem of this solution is the lack
of space as most of the streets are very narrow. Furthermore there are many other networks
passing below those streets such as sewer pipes, electricity networks, telephone networks,
optical fibers etc.



Design criteria followed in each infrastructure.
o

Pipe network: 900m (separate network – water is discharge into a stream) to cover an
area of 26000m2.



Summary of values included in the DST.



Pipe network: 900m
o

Unit construction cost (costs of designing and installing a drainage infrastructure):
65.0 €/m

o

Unit energy consumed during construction (energy consumed during the construction
of a drainage infrastructure): 29088.0 kWh

o

Unit emissions during construction (CO2 emissions produced during the construction of
a drainage infrastructure): 8604.0 kgCO2e

o

Unit maintenance cost (average annual maintenance costs of a drainage
infrastructure): 0.5 €/year/m

o

Unit energy consumed for periodic maintenance (average annual energy consumed
during the maintenance of a drainage infrastructure): 4.012 kWh/year

o

Unit emissions for periodic maintenance (average annual CO2 emissions produced
during the maintenance of a drainage infrastructure): 1.072 kgCO2/year

o

Number of trips for annual maintenance: 1 trip/year

o

Average distance for annual maintenance: 5 km

o

Lifespan (expected lifespan for each drainage infrastructure): 35 years.

o

Land take costs (no land take costs apply as the pipe network will be constructed
underground): 0.0 €
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Process followed to estimate construction and maintenance costs.
The construction and maintenance costs are estimated with the unitary costs proposed in the
E²STORMED DST, multiplying them by the main characteristic of each infrastructure. The
results for each infrastructure are shown in Table 3.1.
Infrastructure

Construction
cost (€)

Maintenance
cost (€/year)

Land take cost
(€)

Lifespan
(years)

58500.0

450.0

0.0

35

Scenario 1
Pipe network: 900m

Table 3.1: Lifecycle costs (Conventional development)



Process followed to estimate energy consumed and emissions during construction and
maintenance.
The construction and maintenance energy consumption and emissions are obtained with the
procedure using unitary values proposed in the E²STORMED DST, multiplying them by the main
characteristic of each infrastructure. The results for each infrastructure of each scenario are
shown in Table 3.2.
Infrastructure

Construction
energy
consumed
(kWh)

Maintenance
energy
consumed
(kWh/year)

Construction
emissions (kg
CO₂)

Maintenance
emissions
(kg
CO₂/year)

29,088.0

4.012

8,604.0

1.072

Scenario 1
Pipe network:
900m

Table 3.2: Lifecycle energy consumed and emissions (Conventional development)

3.3.3. Water reuse
This part is not addressed in the case of the Municipality of Hersonissos because no rain water
systems or water butts are used and no significant volumes of drinking water are used in
drainage infrastructures for irrigation or cleaning.

3.3.4. Stormwater runoff



Description of the hydraulic model used to analyze runoff.
There was no use of hydraulic model to analyze runoff; however, the runoff data used in this
scenario are, the following:
o

Runoff coefficient of urban area: 0.6

o

Drainage area in conventional drainage network: 26000 m²

o

Default values are used to estimate runoff volume reduction
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The obtained annual runoff volume is 7,505.2 m³/year
The peak outflow has not been included as a criterion in the multi-criteria analysis therefore
this information has not been completed.



Comparison between hydraulic model results and runoff results obtained with the estimation
panel.
Such comparison is not applicable due there was no use of hydraulic model to analyze runoff
and runoff results obtained with the estimation panel only.



Global results obtained in this tab.
Infrastructure

Overflow
drains into

Drainage
area (m2)

Runoff
coefficient

Percentage of
volume
reduction (%)

Runoff
production
(m3)

Pipe network

Directly into
the
environment

26000

0.6

0

7,505.2

Average annual rainfall:

481.1 mm
Table 3.3: Runoff volume (Conventional development)

3.3.5. Conveyance and treatment
No stormwater is pumped and treated and there will be no provision for stormwater
treatment at Gournes.

3.3.6. Water quality
Runoff catchment characteristics: Residential roads. Outflow water quality is expected to be
low as conventional pipe network does not provide for water treatment. Details are as follow:
Minimum number of infrastructure components with effective pollutant removal capacity: 2
Infrastructure

Total
suspended soils
removal
efficiency

Pipe network

Low

Nutrients removal
efficiency

None

Heavy metals removal
efficiency

Low

Suspended soils removal efficiency

None

Nutrients removal efficiency

None

Heavy metals removal efficiency

None

Average water quality

Very Low
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3.3.7. Flood protection
The flood protection benefit is not addressed as currently there is no flooding issue in the area.

3.3.8. Building insulation
This part is not addressed in this scenario because green roof is not included.

3.3.9. Summary

Construction of infrastructures
Maintenance of infrastructures
Infrastructure landtake
Potable water consumed and saved
Stormwater conveyance and treatment
Flood protection
Building insulation
Carbon dioxide reduction
Other costs and benefits

Conventional development
Financial cost Energy consumption
58500
29088
450
4,012
0 0
0
90,25003
48,7838
0 0
0
0
0

Emissions
8604
1,072
0
35,02677
0
0
0

Table 3.4: Summary table obtained in summary tab (Conventional development)
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3.4. SCENARIO 2: DEVELOPMENT WITH SUDS
3.4.1. General description



General description of proposed solution.
The proposed SUDS solution for the area would be the construction of a detention basin on
the outskirts of the built area. The detention basin will serve a small part of the town that is
not currently connected to the drainage system. The rainwater will be conveyed via pipes, of
200 m length, into the detention basin. This solution would serve the flow attenuation
requirement along with offering aesthetic and recreational benefits, which are highly valued in
a touristic area. In addition, it will offer relief to the main stream, it will reduce erosion rate on
the stream bed and the surrounding area, and it will promote further development in the area;
the fact that the area will be served by the detention basin will be adequately drained and,
therefore, will attract more development. The water in the detention basin can also be stored
and reused for irrigation of olive trees, which comprise the main crops of the area, or for
irrigation of ornamental plants in public open spaces.



The proposed solution is the construction of a Detention basin on the outskirts of Gournes
hamlet
o

200 m pipes to convey the rainwater in the detention basin.

o

1 Detention basin: 250 m3, land cost: 200 €/m2, total land take: 150 m2

Figure 3.4: Detention basin
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Figure 3.5: Aerial photo of the area where the detention basin will be built




There is no real construction of the detention basin in the outskirts of Gournes hamlet; the
area where the detention basin is proposed to be built is shown in Figure 3.6.
General criteria that have guided the design of drainage infrastructures.
1. Improved stormwater management that includes relief to the main stream, and reduced
requirement for conveying massive volumes of water from waterways.
2. On-site collection and treatment of rainwater, in opposition with the conventional solution,
reduces the requirement for pipes to convey stormwater to the wastewater treatment plant
and to the receiving water body.
3. Reduced volumes of stormwater reach the wastewater treatment, thus reduced energy
requirement.
4. Reduced energy requirement due to reduced maintenance of the drainage system where
the detention basin is connected.
5. Improved amenity and recreational value. Overall improved ecological services.

3.4.2. Drainage infrastructures included in the scenario



Description of included infrastructures.
The detention basin, that is proposed to be constructed on the outskirts of the Gournes
hamlet, will serve a small part of the town that is not currently connected to the drainage
system, and the water will be conveyed via pipes. This solution would serve the flow
attenuation requirement along with offering aesthetic and recreational benefits, which are
highly valued in a touristic area. In addition, it will offer relief to the main stream, it will reduce
erosion rate on the stream bed and the surrounding area, and it will promote further
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development in the area; the area to be served by the detention basin will be adequately
drained and, therefore, will attract more development.



Design criteria followed in each infrastructure.
200 m pipe, 200 €/m installation cost
1 Detention basin: 250 m3, land cost: 200 €/m2, total land take: 150 m2



Summary of values included in the DST.
Pipe network: 200m, 65 €/m installation cost
o

Unit construction cost (costs of designing and installing): 100 €/m

o

Unit energy consumed during construction (energy consumed during the construction
of a drainage infrastructure): 6464.0kWh

o

Unit emissions during construction (CO2 emissions produced during the construction of
a drainage infrastructure): 1912.0kgCO2e

o

Unit maintenance cost (average annual maintenance costs of a drainage
infrastructure): 0.5 €/year/m

o

Unit energy consumed for periodic maintenance (average annual energy consumed
during the maintenance of a drainage infrastructure): 4.012 kWh/year

o

Unit emissions for periodic maintenance (average annual CO2 emissions produced
during the maintenance of a drainage infrastructure): 1.072 kgCO2e/year

o

Number of trips for annual maintenance: 1 trip/year

o

Average distance for annual maintenance: 5 km

o

Lifespan (expected lifespan for each drainage infrastructure): 35 years

o

Land take costs (cost of occupying a zone in the urban area): 0.0 €

1 Detention basin: 250 m3, land cost: 200 €/m2, total land take: 150 m2
o

Unit construction cost (costs of designing and installing a drainage infrastructure):
22.0 €/m3

o

Unit energy consumed during construction (energy consumed during the construction
of a drainage infrastructure): 6380.0 kWh

o

Unit emissions during construction (CO2 emissions produced during the construction of
a drainage infrastructure): 1875.0 kgCO2e

o

Unit maintenance cost (average annual maintenance costs of a drainage
infrastructure): 0.50 €/year/m3

o

Unit energy consumed for periodic maintenance (average annual energy consumed
during the maintenance of a drainage infrastructure): 8.999 kWh/year
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o

Unit emissions for periodic maintenance (average annual CO2 emissions produced
during the maintenance of a drainage infrastructure): 2.394 kgCO2e/year

o

Number of trips for annual maintenance: 2 trips/year

o

Average distance for annual maintenance: 5 km

o

Lifespan (expected lifespan for each drainage infrastructure): 35 years

o

Land cost (cost of occupying a zone in the urban area): 200 €

o

Total landtake: 150 m2

Process followed to estimate construction and maintenance costs.
The construction and maintenance costs are estimated with the unitary costs proposed in the
E²STORMED DST, multiplying them by the main characteristic of each infrastructure. The
results for each infrastructure are shown in Table 3.5.
Infrastructure

Construction
cost (€)

Maintenance
cost (€/year)

Land take cost
(€)

Lifespan
(years)

Pipes

20,000

100

0

35

Detention basin:
250m3

5,500

125

30,000

35

Scenario 2

Table 3.5: Lifecycle costs (SuDS development)



Process followed to estimate energy consumed and emissions during construction and
maintenance.
The construction and maintenance energy consumption and emissions are obtained with the
procedure using unitary values proposed in the E²STORMED DST, multiplying them by the main
characteristic of each infrastructure. The results for each infrastructure of each scenario are
shown in Table 3.6.
Infrastructure

Construction
energy
consumed
(kWh)

Maintenance
energy
consumed
(kWh/year)

Construction
emissions (kg
CO₂)

Maintenance
emissions
(kg
CO₂/year)

Pipes

6,464.0

4.012

1,912.0

1.072

Detention basin:
250m3

6,380.0

8.999

1,875.0

2.394

Scenario 2
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Table 3.6: Lifecycle energy consumed and emissions (SuDS development)

3.4.3. Water reuse
This part is not addressed in the case of the Municipality of Hersonissos because no rain water
systems or water butts are currently used. The examined SuDS scenario is hypothetical,
however, it would certainly contribute towards water reuse as it would enable water collection
in the detention basin.

3.4.4. Stormwater runoff



Description of the hydraulic model used to analyze runoff.
There was no use of hydraulic model to analyze runoff; however, the runoff data used in this
scenario are, the following:
o

Runoff coefficient of detention basin: 0.6

o

Drainage area in detention basin drainage network: 26000 m²

o

Default values are used to estimate runoff volume reduction

The obtained annual runoff volume is 5,253.6 m³/year
The peak outflow has not been included as a criterion in the multi-criteria analysis therefore
this information has not been completed.





Comparison between hydraulic model results and runoff results was not possible to be
obtained with the estimation panel.

Global results obtained in this tab.
Infrastructure

Detention
basin

Overflow
drains into

Drainage
area (m2)

Runoff
coefficient

Percentage of
volume
reduction (%)

Runoff
production
(m3)

Directly into
the
environment

26000

0.6

30

5,253.6

Average annual rainfall:

481.1 mm
Table 3.7: Runoff volume (SuDS development)

3.4.5. Conveyance and treatment
This part is not addressed in the case of the Municipality of Hersonissos because there is no
stormwater pumping and treatment.

3.4.6. Water quality
Runoff catchment characteristics: Residential roads
Minimum number of infrastructure components with effective pollutant removal capacity: 2
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Infrastructure

Total
suspended soils
removal
efficiency

Nutrients removal
efficiency

Detention
basin

Medium

Low

Medium

Pipe network

Low

None

Low

Suspended soils removal efficiency

Medium

Nutrients removal efficiency

Medium

Heavy metals removal efficiency

Low

Average water quality

Medium

Heavy metals removal
efficiency

3.4.7. Flood protection
The flood protection benefit is not addressed as currently there is no flooding issue in the area.

3.4.8. Building insulation
This part is not addressed in this scenario because green roof is not included.

3.4.9. Summary

Table 3.8: Summary table obtained in summary tab (SuDS development)

3.5. RESULTS
3.5.1. Time graphs



Global time graphs obtained with the DST (graph and tables).

The graphs that are of significance to the analysis of the 2 scenarios will not include comparison of
construction costs as these costs are very similar for the 2 scenarios. After all the 2 scenarios were
developed on the basis of identifying the solution that provides the maximum benefits between
options of the same cost. Cost at use is, however, of high importance as it demonstrates the operation
and maintenance costs (Figure 3.6)
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Figure 3.6: Cost at use (including maintenance)

Figure 3.6 demonstrates cost efficiency of the SuDS development scenario at use. Figure 3.7 and Figure
3.8 clearly demonstrate benefits of the SuDS development scenario in matters of energy consumption
and CO2 emissions reduction.

Figure 3.7: Energy consumption time graph
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Figure 3.8: Time graph of emissions



Explanation and justification of results.
As the 2 scenarios will have the same construction costs, operation and maintenance costs are
characterized as crucially important in matters of decision making. The SuDS scenario seems to
involve less operation and maintenance costs, while it is important to mention that cost
efficiency tends to increase with time.
In Figures 3.7 the SuDS development scenario demonstrates high energy savings in relation to
the Conventional scenario. An additional benefit deriving from the SuDS scenario is the
potential for water reuse. The rainwater volumes collected in the detention basin during
stormy events can be directly reused for irrigation as the detention basin provides basic
treatment that includes reduction of BOD and of total suspended solids. The water reuse
potential add on a financial benefit as the cost for water treatment is avoided.
The CO2 emissions are also clearly reduced in the case of SuDS development (Figures 3.8).
While in the Conventional development scenario the CO2 emissions range between 8500 and
18000 kg CO2, the CO2 emissions for the SuDS development range between 4500 and 7000 kg
CO2.
Overall, the SuDS scenario performs in this case better than the conventional one. In more
detail, the SuDS scenario has similar cost of construction, lower cost of operation and
maintenance, while it demonstrates higher energy savings and reduced rates of CO2 emissions.
If we add the water reuse element enabled via water collection in the detention basin, and
also the ecosystem services component we can safely say that the SuDS scenario is a
preferable one for the area of Gournes.

3.5.2. Decision criteria
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The decision criteria have been chosen using participatory methods among local stakeholders and
managers participating in the regional (Hersonissos) working groups (RWGEE).
All selected criteria have been inserted in the multi-criteria analysis section of the DST tool and they
have been computed accordingly.

3.5.3. Multi-criteria analysis results
Five criteria have been used for the multi-criteria analysis. The criteria and the weights attributed to
each of them are seen in Table 3.9, while the weighted utility for the conventional solution and for the
SuDS solution, is seen in Table 3.10.
Table 3.9: Selected criteria

Table 3.10: Selected criteria and weighted utilities for the 2 scenarios

The results of the multi-criteria analysis as seen in Figure 3.9. demonstrate insignificant benefits for
most criteria other than the total construction and maintenance cost for the case of conventional
development.
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Figure 3.9: Multi – criteria results for Conventional Development

On the contrary Figure 3.10 demonstrates high benefits gained by the SuDS scenario, mainly in
matters of the global outflow water quality, the evaluation of ecosystem services, the net
energy consumed by stormwater management, the net emissions of stormwater management
and the total construction and maintenance cost.

Figure 3.10: Multi – criteria results for SuDS Development
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Overall comparative results.

Figure 3.11: Graph of global results of multi – criteria analysis

Overall the multi-criteria analysis provided a higher rating for the SuDS development, rating at
about 58% while the conventional development scores just about 5%.



Explanation and justification of results.
The SuDS scenario demonstrates clear benefits in relation to the conventional scenario. The
outflow water quality, the ecosystem services and the net energy consumed by the system
score the highest benefits, while construction and maintenance costs are ranked at similar
levels as the conventional system. Overall, the SuDS scenario scores 58% while the
conventional scenario scores 5%, which is purely attributed to the reasonable construction and
maintenance costs.

3.6. CONCLUSIONS
Two Test Sites have been analysed and tested with the DST application. One scenario using
conventional drainage solutions and one scenario using SuDS solutions have been analysed for each of
the Test Sites.
In both Test Sites, Malia and Gournes, both located in the outskirts of the Municipality of Hersonissos,
the SuDS solution seems to perform better especially in matters of energy saving, reduced CO 2
emissions, flood protection, and ecosystem services provision. In the case of Malia there is no
construction cost related to the conventional scenario. If this parameter is taken into account the
construction and maintenance cost of the SuDS scenario is higher; however, this cost is outbalanced by
the energy savings, which include savings from the building insulation benefit provided by the green
roof in the Malia town hall, and by the reduced rate of CO2 emissions. The insulation provided by the
green roof is expected to save more money in the long-run than the money spent during construction.
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In the case of Gournes, where a detention basin has been suggested in order to collect runoff, store it
and potentially reuse it, the ecosystem benefit is increased since this solution creates an open green
space in the community, thus it provides amenity benefits. In addition, it enables water reuse for
irrigation. The water quality is satisfactory enough, as the detention basin will not accept high
pollutant loads, but only precipitation, and it will additionally provide removal of suspended solids and
restricted removal of heavy metals. The outflow water quality is at such a level that allows for
irrigation of the olive tree crops in the area, fact that increases the energy and water savings and
provides a permanent solution to the water availability issue in the area.
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