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AGENDA
ÅINTRO STEPWISE TOOLKIT
ÅCASE STUDIES 

1 ς Application of the Stepwise Toolkit at the Urban Scale: PED Methodology and the EU 
+CityXChange 
ÅMilan
ÅUdine
ÅBologna 
ÅCrispiano 
ÅRome

2 ς Roadmap towards a Positive Energy District in the Industrial Zone of Padova

3 ς Application of the Stepwise Toolkit at Building Level and EPBD Compliance Analysis
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Why we need the Step-wise Toolkit?
These tools facilitate the development of Clean Energy Transition Plans (CETs).

SECAP
Sustainable
Energy and 

ClimateAction 
Plan

LAEP
Local Area 
Energy Plan

SEAP
Sustainable

Energy Action 
Plan
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What are the Clean Energy Transition 
Plans (CETs), and what do we need to 
demonstrate?
Strategic frameworks that outline how governments, organizations, or 
regions aim to achieve targets for clean energy usage, enhance energy 
efficiency, and reduce greenhouse gas emissions.

For instance, the Sustainable Energy and Climate Action Plan (SECAP):

ÅObjective: Achieve a reduction in greenhouse gas emissions by 2030.

Components:

Å Baseline Emission Inventory: Identifies main emission sources.

Å Risk & Vulnerability Assessment: Evaluates local climate risks.

Å Energy Actions: Promotes energy efficiency and renewable energy. (so 
estimate the energy savings)

Å Climate Adaptation: Enhances community resilience to climate change.

Å Monitoring: Tracks progress and allows for plan adjustments.
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How can we 
demonstrate 
greenhouse gas 
emission 
reductions?

Which strategies 
we need to plan 
and implement?

One of the most accurate method is 
the use of the Dynamic Energy 
Simulation of Buildings

Dynamic building energy simulation 
refers to the use of computational 
models to predict and analyze the 
energy performance of buildings by 
creating a Digital Twin
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IES ICL 
Intelligent 
Communities 
Lifecycle

The Stepwise toolkit utilize 
the Dynamic Energy 
Simulation
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The Virtual Environment software is a suite of integrated building 
analysis tools that translate complex building physics and detailed 

dynamic thermal calculations.

Virtual Environment 
(VE)
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Pros:
1.Accurate Predictions: Models energy 
consumption realistically by considering 
dynamic factors.
2.Comprehensive Analysis: Identifies energy-
saving opportunities.
3.Climate Adaptation: Evaluates building 
resilience to future climate conditions.
4.Policy Support: Helps meet regulatory and 
sustainability standards.
5.Stakeholder Engagement: Visualizations 
enhance communication with stakeholders.

Cons:
1.Complexity: Requires detailed data that can be 
difficult to obtain.
2.Resource Intensive: Time-consuming and may incur 
higher costs for software and training.
3.Uncertainty in Inputs: External factors can affect 
prediction reliability.
4.Steep Learning Curve: Requires specialized expertise 
to operate effectively.

The pros and cons of dynamic energy simulation of buildings:

CROSS THESE BARRIERS (CONS)
IES Developed iCD 
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3D urban master planning tool that assist in creating baseline and 
apply retrofit  scenarios at urban level .

Intelligent Community 
Design (iCD) 
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Provides 3D visualization and stakeholder engagement features 

Collaboration 
Monitoring and 
Visualization Platform
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Roadmap visualisation 
for the implementation 
of decarbonisation 
scenarios

Provides the visualisation of the Roadmap with the scenarios for 
the energy and CO2 emission reduction
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Collect and visualises building performance data to optimize 
operationsIntelligent Control and 

Analysis (iSCAN) 
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The iVN is a network modelling and management tool that enable 
advanced analysis of local energy systems including district heating 
and storage

Intelligent Virtual 
Network (iVN) 



Application of the Stepwise Toolkit at the Urban 
Scale: PED Methodology and the EU +CityXChange
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CASE STUDIES:
- Milan
- Udine
- Bologna (live demo)
- Crispiano 
- Rome
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+CityxChange Project

Å EU H2020 Grant funded

Å Nov 2018 to Oct 2023

Å 32 partner organisation's

Å 7 countries

Å 2 Lighthouse Cities ς Trondheim & Limerick

Å 5 Follower Cites: Alba Iulia, Pisek, Võru, Smolyan & 
Sestao
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Key Project Aims and Approach

5ŜǾŜƭƻǇ ŀƴŘ ŘŜǇƭƻȅ άtƻǎƛǘƛǾŜ 9ƴŜǊƎȅ .ƭƻŎƪǎ ŀƴŘ 5ƛǎǘǊƛŎǘǎέ
*Positive Energy Block (PEB) is a group of three or more buildings 
that produce more energy than they consume in an annual period. 

Scale these up as part of cities Net Zero plans for 
2050 
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Positive Energy Blocks
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Intelligent Community Lifecycle (ICL)

The ICL is a platform to help create, plan, evaluate and manage the 
energy performance of a community now and into the future. 

Creates dynamic 3D models that reflect real life performance. 

Delivers resilience, cost savings and resource-efficiency for buildings, 
campuses, communities and cities.

Å Connect, visualise & analyse any data from any source
Å Fill data gaps using simulation
Å Make informed decisions
Å Create bespoke dashboards
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Area: 140,86 km² 
Inhabitants: 388 171
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- Shape (centro ) and qgis file 
containing:
    - Number of floors
    - Year of construction
    - Building Type
    - Installed PV Capacity

Bologna

- GeoJSON File containing:

  - Number of floors
    - Year of construction
    - Building Type

Buildings: 31
Area: 50 132 m² 

Inhabitants: 97 841

Buildings: 1080
Area: 7 750 218 m²

Inhabitants: ~ 23 000

Area: 181,67 km² 
Inhabitants: 1 361 908

Milano

- BuildingɅs plans and sections
- Technical reports of the
   interventions 
- BuildingsɅ Energy
  Performance Certificates

Buildings: 10 (2 Schools, 1 
Shopping mall, 7 Apartment blocks)

Area: 134 400 m² 
Inhabitants: ~1000 (405 

Apartments)

Area: 57,17 km² 
Inhabitants:  97 841

Udine
Area: ~ 111 km² 

Inhabitants : 13 770

Crispiano

- GIS file containing:
    - Building Type
    - Number of floors
    - Roof Type
    - Potential roof area for PV

Buildings:  155
Area: ~ 660 696 m² 
Inhabitants: ~7610

Area: 1 287,36 km² 
Inhabitants:  2 746 639

Roma

Building plans, survey reports, 
and energy requalification 
projects holding:
- Boulding geometry
- Envelope description
- Building type, Construction 
year

Buildings: 7 (1 municipal building, 1 
library, 2 schools, 2 offices, 1 sport center)

Area: ~ 16 000 m²
Occupancy: ~750 

people/day

Cities ɀ Overview and Starting Data
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ÅAREA CRESCENZAGO

Milano

Started from a GIS File

Milan, Crescenzago area subject to redevelopment and the Reinventing Cities competition

- GeoJSON File containing:

  - Number of floors
    - Year of construction
    - Building Type
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Milano: 181,67 km² 

Inhabitants: 1 361 908

Milano

Area 1 Area 2

Milan, Crescenzago area subject to redevelopment and the Reinventing Cities competition

Specific area of interest:  Area 1: 21300 m 2 (14 buildings);    Area 2: 10950 m 2 (4 buildings)  

Inhabitants: 97 841
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Milano - B
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Model set up from iCD plugin in Sketchup: Visualization from iCIM webpage

LINK ICIM

https://icim.iesve.com/trial/#/metrics-viewer/f6545ddc-6256-4a66-bea7-4f985433ded7
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ÅICL
Once the information was obtained from the GIS file, it was supplemented with U-value data obtained from CENED (Energy 

Certification of Buildings).
ERPALER H (M) Fotovoltaico Tipologia ANNO_COSTR

CLASSE
_ENE

ANNO COMBUSTI_1 Tipo_Gen

NO NO 29.73 NO Edificio residenziale 1900 F Prima 1919 GAS NATURALE TELERISCALDAMENTO

NO NO 5.611 NO Edificio di terziario 1900 Prima 1919

NO NO NO
Edificio trasformazione 
energia elettrica

1927 19-45 GAS NATURALE

SI NO 7.108 NO Edificio residenziale 1927 G 19-45 GAS NATURALE CALDAIE

SI NO 6.688 NO Edificio residenziale 1927 19-45 GAS NATURALE CALDAIE

SI NO 7.13 NO Edificio residenziale 1927 19-45 GAS NATURALE CALDAIE

SI NO 6.966 NO Edificio residenziale 1927 19-45 GAS NATURALE CALDAIE

SI NO 7.078 NO Edificio residenziale 1927 19-45 GAS NATURALE CALDAIE

SI NO 7.046 NO Edificio residenziale 1927 19-45 GAS NATURALE CALDAIE

SI NO 6.865 NO Edificio residenziale 1927 19-45 GAS NATURALE CALDAIE

SI NO 6.958 NO Edificio residenziale 1927 19-45 GAS NATURALE CALDAIE

SI NO 6.89 NO Edificio residenziale 1927 19-45 GAS NATURALE CALDAIE

NO NO 5.816 NO Edificio residenziale 1935 F 19-45 GAS NATURALE

NO SI 15.27 NO Edificio minore in muratura 1939 G 19-45 TELERISCALDAMENTOTELERISCALDAMENTO

NO SI 17.73 NO Edificio residenziale 1939 G 19-45 TELERISCALDAMENTOTELERISCALDAMENTO

NO SI 4.21 NO Edificio di terziario 1939 F 19-45 GAS NATURALE TELERISCALDAMENTO

NO SI 15.48 NO Edificio residenziale 1941 F 19-45 GAS NATURALE TELERISCALDAMENTO

SI NO 4.846 NO Edificio minore in muratura 1946 46-60

NO SI 17.03 NO Edificio residenziale 1950 G 46-60 GAS NATURALE TELERISCALDAMENTO

NO NO 7.19 NO Edificio residenziale 1950 G 46-60 GAS NATURALE CALDAIE

NO NO 17.7 NO Edificio residenziale 1950 E 46-60 GAS NATURALE CALDAIE

NO NO 30.16 NO Edificio residenziale 1960 E 46-60 TELERISCALDAMENTOTELERISCALDAMENTO

NO NO 30.04 NO Edificio residenziale 1960 F 46-60 GAS NATURALE TELERISCALDAMENTO

NO NO 2.13 NO Edificio minore in muratura 1960 A4 46-60 GAS NATURALE CALDAIE
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BASELINE ς Pre intervention

Å External wall U = 1.3 ÷ 1.4 W/m2K

ÅWindows: U= 3.5 ÷ 5.22 W/m2K

Å Un-insulated Roofs: 
U= 1.4 W/m2K

Å Un-insulated Ground Floors: 
U=0.71 W/m2K

Å DHW: Gas Boiler | Electric boiler

Å Heating: Central Heating Radiators. Natural Gas

PASSIVE MEASURES

 Scenario 1:

25

ACTIVE MEASURES

Scenario 2: Substitution of heating system to Air 
                          source HP with COP=4 in all buildings

Scenario 3: Addition of PV panels on  buildingɅs 
rooftops

ÅExt Wall: 0.26 W/m2K
ÅWindows U= 1.3 W/m2K

Milano  ɀ Intervention scenarios
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ɍ Inclination angle: 30 degrees
Both for Flat and Hipped roof

ɍ Panel size: 1x1.7 m

ɍ Efficiency: 0.2

ɍOrientation: S, SE

PV ATTRIBUTES

ɍ PV area: 3434 m2

ɍ Total PV yield: 943 MWh 

Milano  ɀ iCD Solar Assessment
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Milano - ICIM Metrics comparison
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Milano ɀ PEB Methodology application

Passive Measures Active Measures
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Report: Annual PV contribution vs Total energy use
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Milano - Monthly PV Electronic Yield
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Workflow example Ṿ Energy simulation

ωMonth-by-month comparison of final energy of heating with
comparisonbyscenarios
ωMonth-by-month comparisonof DHWfinal energywith comparionby

scenarios
ωTotalprimaryenergydividedbyboth renewableandnon-renewable
ωComparisonof total energybyscenario
ωComparisonof total primaryenergybyscenario
ωComparisonof CO2 emissions

ÅThe consumption in kWh per
month for eachbuilding.
ÅTheconsumptionby energycarrier
for eacharea.

CALIBRATION
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Externalwalls Roof Windows Heating DHW

Buildings <1930 No changes U=0,24 
W/m2K

U= 1,4 
W/m2K

Condensingboiler 
(Natural Gas)

Boiler 
(Natural Gas)

Buildings >1930 U=0,28 
W/m2K

U=0,24 
W/m2K

U= 1,4 
W/m2K

Centralizedsystem ĄGround 
source HP CoP 4

Standalone system Ą Air sourse
HP CoP3 

(Electricity)

heatpump
(Electricity)

Operationalcarbon neutrality
Requisiti minimi decreto 18456

ÅSCENARIO 2025
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ÅComparisonςHeating/DHW

Gen Feb Mar Apr Mag Giu Lug Ago Set Ott Nov Dic

SDF 12392,8 7557,0 4210,2 2534,0 1708,5 1,4 0,0 5,7 51,3 1172,0 6584,3 9264,2

2030 10282,5 6246,4 3453,8 2074,9 1396,6 1,3 0,0 5,2 42,8 946,9 5421,2 7660,9

2050 2340,7 1286,1 489,1 210,9 117,6 0,4 0,0 0,7 0,5 38,7 973,7 1591,9

0,0

2000,0

4000,0

6000,0

8000,0

10000,0

12000,0

14000,0
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W

h
]

Gen Feb Mar Apr Mag Giu Lug Ago Set Ott Nov Dic

SDF 1571,4 1421,2 1575,4 1519,4 1575,4 1524,0 1570,8 1575,4 1523,4 1571,4 1524,0 1570,8

2030 1281,5 1159,0 1284,8 1239,0 1284,8 1242,8 1281,0 1284,8 1242,3 1281,5 1242,8 1281,0

2050 780,0 705,4 782,2 753,9 782,2 756,6 779,5 782,2 756,1 780,0 756,6 779,5

0,0
200,0
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ÅComparisonςEnergy / Primaryenergy
fattori di conversione non renewable renewable total

gas naturale 1,05 0 1,05

energia elettrica 1,95 0,47 2,42

45481,4

37532,5

7050,2

18522,4

15105,2

9193,9

0,0

10000,0

20000,0

30000,0

40000,0

50000,0

60000,0

70000,0

SDF 2030 2050

Total heating energy Total DHW energy

47409,7

36783,8

2392,2

5976,4

9425,3

17461,1

13749,1

3265,3

2057,7

4861,1

13701,3

0,0

10000,0

20000,0

30000,0

40000,0

50000,0

60000,0

70000,0

80000,0

SDF 2030 2050

[M
W

h
]

Total heating natural gas primary energyTotal heating electricity primary energy

Total DHW natural gas primary energy Total DHW electricity primary energy

Total energy Total primaryenergy
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ÅComparisonςCO2 emission

CO2 emission

13095944

1142122

191014220517

5444440

2636716

13316461

6586563

2827730

0

2000000

4000000

6000000

8000000

10000000

12000000

14000000

SDF 2030 2050

total natural gas KgCO2eq total electricity KgCO2eq total KgCO2eq

fattori di conversione

gas naturale [kgCO2eq/GJ] 56,077

energia elettrica [kgCO2eq/kWh] 0,247
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ÅEsempio workflow ςEconomicassessment

Creation of an excel file 
with the following 

characteristics for each 
building

ωObject ID 

ωName 

ωTotal floor area (m2) 

ωNumber of storeys

ωGlazingRatio

ωsup. Disperdente(*) [m2] 

ωsup finestrata(*) [m2] 

ωroof area [m2] 

ωNumber of DHW HP 

ωType of plant

Highlight the 
characteristics of each 

building for each scenario:

ωwall insulation [W/m2K] 

ωroof insulation [W/m2K] 

ωwindows insulation [W/m2K] 

ωDHW system 

ωGen efficiency heating 

ωheating type of fuel 

The excel file created 
reads if the characteristics 
are different between the 

two scenarios and 
calculates the cost of the 

intervention

The costs of the 
interventions have been 
calculated as follows for 

each building:

ωWall insulation = MITE cost 
ώϵκƳнϐ ϝ ŘƛǎǇŜǊǎƛƴƎ ǎǳǊŦŀŎŜ

ωRoof insulation = MITE cost 
ώϵκƳнϐ ϝ ŦƻƻǘǇǊƛƴǘ ŀǊŜŀ

ωWindows substitution = MITE 
Ŏƻǎǘ ώϵκƳнϐ ϝ ŦƛƴƛǎƘŜŘ ǎǳǊŦŀŎŜ 
area (surface 
Dispersant*glazing ratio)

ωDHW substitution (**)= 
!ǾŜǊŀƎŜ ǇǊƛŎŜ 5I² It ώϵϐ ϝ ƴ 
DHW HP per building (total 
floor area/average area served 
by a DHW HP)

ωHeating HP (**) = HP price 
ώϵκƪ²ǘϐ ϝ ¢ƘŜǊƳŀƭ ƪ² όǎǳƳ ƻŦ 
kWh per year/hours

The cashflows 
for the 2030 

and 2050 
scenarios have 

these 
assumptions:

ωO&M costs of 1% of total 
plant intervention costs

ωa percentage of costs saved 
due to the switch to electric

ωan initial investment of 60% of 
the total cost

ωa loan to cover the remaining 
part of the 10-year cost with 
an interest rate of 2%

ωa tax break of 75% over 10 
years
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ÅEconomicassessment

ϵόмплΦлллΦлллύ

ϵόмнлΦлллΦлллύ

ϵόмллΦлллΦлллύ

ϵόулΦлллΦлллύ

ϵόслΦлллΦлллύ

ϵόплΦлллΦлллύ

ϵόнлΦлллΦлллύ

ϵ- 

ϵнлΦлллΦллл 

ϵплΦлллΦллл 

ϵслΦлллΦллл 

1 2 3 4 5 6 7 8 9 10111213141516171819202122232425262728293031

ACTUALIZED CASH FLOW Cumulative_cash_flow

decreto MITE

isolamento coperture 

copertura ventilata 300ϵκƳн

pareti perimetrali

esterno/diffusa 180ϵκƳн
sostituzione chiusure 

trasparenti

serramento 780ϵκƳн

impianti di riscaldamento con 
caldaie ad acqaua a 

condensazione e/o generatori 
di aria alda a condensazione

Pnon <= 35 kWt 240ϵκƳн

Pnom > 35 kWt 216ϵκƳн

impianti con pompe di calore 

aria/aria 720
ϵκƪ²
t

geotermica 2280
ϵκƪ²
t

ACS con pompa di calore 
con accumulo <= 
150l 1200ϵ

con accumulo >150l1500ϵ

2030 2050

NPV_20 7.848.687,62 

NPV_25 21.900.568,24 

PBT 18   

Per il calcolo dei cashflowsono stati considerati
- costi di O&M dell 1% rispetto ai costi totali di intervento sugli impianti
-ǳƴŀ ǇŜǊŎŜƴǘǳŀƭŜ Řƛ Ŏƻǎǘƛ ǊƛǎǇŀǊƳƛŀǘƛ ŘƻǾǳǘƛ ŀƭ ǇŀǎǎŀƎƎƛƻ ŀƭƭΩŜƭŜǘǘǊƛŎƻ
- un investimento iniziale pari al 60% del costo totale
- un prestito per coprire la restante parte del costo di 10 anni con tasso di interesse al 2%
- un agevolazione fiscale del 75% in 10 anni

 (15.000.000,00)

 (10.000.000,00)

 (5.000.000,00)

 -

 5.000.000,00

 10.000.000,00

 15.000.000,00

 20.000.000,00

1 2 3 4 5 6 7 8 9 10111213141516171819202122232425262728293031

ACTUALIZED CASH FLOW Cumulative_cash_flow

NPV_20 11.269.370,31 

NPV_25 14.545.760,14 

PBT 8   
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Udine: 57,17 km² 

Inhabitants: 97 841

Ap. Via Afro 1

Ap. Civ2

Ap. Civ6

Ap. Civ5

Shopping Mall

Primary and secondary school

Kindergarten

Ap. Civ1

Ap. Civ11

Ap. Civ25

Specific area of interest:  134 400 m² (2 Schools, 1 Shopping mall, 7 Apartment blocks)

Inhabitants: around 1000 (405 Apartments)

Udine
The municipality of Udine refurbished thanks to the SuperEcoBonus 110 incentive a residential 
area composed of condominiums of the ATER (Azienda Territoriale per l'edilizia residenziale di 
Udine) and some nearby facilities.

Starting from .cad drawings and Building data
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Model set up from iCD plugin in Sketchup:

Udine
Visualization from iCIM webpage

https://icim.iesve.com/trial/#/metrics -viewer/94cd0d00 -635f -4631-b0ba-a4bb5bd76854

https://icim.iesve.com/trial/#/metrics-viewer/94cd0d00-635f-4631-b0ba-a4bb5bd76854
https://icim.iesve.com/trial/#/metrics-viewer/94cd0d00-635f-4631-b0ba-a4bb5bd76854
https://icim.iesve.com/trial/#/metrics-viewer/94cd0d00-635f-4631-b0ba-a4bb5bd76854
https://icim.iesve.com/trial/#/metrics-viewer/94cd0d00-635f-4631-b0ba-a4bb5bd76854
https://icim.iesve.com/trial/#/metrics-viewer/94cd0d00-635f-4631-b0ba-a4bb5bd76854
https://icim.iesve.com/trial/#/metrics-viewer/94cd0d00-635f-4631-b0ba-a4bb5bd76854
https://icim.iesve.com/trial/#/metrics-viewer/94cd0d00-635f-4631-b0ba-a4bb5bd76854
https://icim.iesve.com/trial/#/metrics-viewer/94cd0d00-635f-4631-b0ba-a4bb5bd76854
https://icim.iesve.com/trial/#/metrics-viewer/94cd0d00-635f-4631-b0ba-a4bb5bd76854
https://icim.iesve.com/trial/#/metrics-viewer/94cd0d00-635f-4631-b0ba-a4bb5bd76854
https://icim.iesve.com/trial/#/metrics-viewer/94cd0d00-635f-4631-b0ba-a4bb5bd76854
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Udine ɀ PEB Methodology application

Passive Measures Active Measures
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Bologna 
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Bologna: 140, 86 km² 

Inhabitants: 388 171

Specific area of interest:  1080 Buildings (7 750 218,48 m²) 

Inhabitants: around 23 000 

Pilastro -Roveri is the area studied in the Greta EU project, Green Energy Transition Actions. 
The intent was to make Pilastro - Roveri area an area pioneering the process of climate 
neutrality that cities and citizens are called to undertake by 2030.

Starting from GIS FILE
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Model set up from iCD plugin in Sketchup:

Building Type (view from iCIM)

Visualization from iCIM webpage

Bologna ɀ Neighborhood Pilastro Roveri 

https://icim.iesve.com/trial/#/metrics -viewer/68127d7f -1323-4cab-8a9b-a727f97d6721


