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Relatore
Note di presentazione
I will speak about the BEEP project (BIM for Energy Efficiency in the Public sector) as a successful case able to enhance the capacity of public local administrations to design and realize innovative energy and environmental improvement on historic public buildings, through a multidisciplinary and integrated digital approach.



Second Progress Report – ISPC CNR 

Summary  
 

 The context «Energy Efficiency of 
Built Heritage» 
 

 The themes and challenges of the 
BEEP Project 
 

 Italian case study Palazzo Maffei 
Borghese 
 

 Partner case studies  
 

  Beep main results  
 

 
  

Relatore
Note di presentazione
These are the main topics I will talk about areThe topics I will talk about are: definition of the EE and BH context, the challenges of the Project, the Italian and partners case studies and those of the partners, the main results of the Project



 Convegno       UNIVERSOstenibilITA’  
la transizione digital-green dei luoghi del sapere 

Napoli, Mostra d’Oltremare 
Venerdì, 25 marzo 2022 

The European program ENI CBC Med is the largest cross-border cooperation initiative (CBC) implemented under the European Neighborhood 
Instrument (ENI). With its two general objectives, ENI CBC MED aims to: 
 
• Promote social and economic development 
• Address common environmental challenges 
 
 

B.4.3 - Support cost-effective and innovative energy renovations relevant to building types and climatic zones, with a focus on public buildings 

BEEP p ro je ct p riority 

ENI CBC Me d  Europ ean p rog ram 

Relatore
Note di presentazione
The Project is financed by the European program ENI CBC Med, the largest cross-border cooperation initiative (CBC) implemented under the European Neighborhood Instrument (ENI), he objectives of which are the consolidation of neighborhood relations by enhancing social and economic development, also through environmental challenges, which is one of the priorities of the program, in which BEEP is part.
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Relatore
Note di presentazione
The consortium is made up of 8 partners out of seven countries, 3 from the EU: Italy, Cyprus, Spain and 4 non-European countries: Lebanon, Palestine, Egypt and Jordan so we could test this emerging technology in eight different Mediterranean countries to demonstrate its scalability to the entire building stock of the Med area. 
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The  the me s and  challe ng e s 
 

EPC Ene rg y Pe rformance  Contract 

HBIM and  BPS inte rop e rab ility 

Nume rical Simulation  and  b uilt 
he ritag e  

He ritag e  BIM 

Ene rg y e fficie ncy for b uilt he ritag e  

Relatore
Note di presentazione
Our project tackles 5 main issues and challenges: The leitmotiv is to approach the energy efficiency of the historical public heritage by the use of strong digitization of design and decision support tools.
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• Under the momentum of the European Green Deal, the Cultural 
Heritage stakeholders led by Europa Nostra have developed the 
European Cultural Heritage Green Paper in which heritage is finally 
framed in its dimension as a key resource and driver for the fight 
against climate change.  

In recent years, conservation theory has finally begun to recognise 
energy efficiency as a strategy to protect cultural heritage 

 

Ene rg y Efficie ncy of Built He ritag e  
Europa nostra, European Cultural Heritage Green Paper 

Relatore
Note di presentazione
The European Union was an early mover on the climate change adaptation and mitigation policies, but still a coordinated action on the built heritage is  lacking. Under the momentum of the European Green Deal, the Cultural Heritage stakeholders, led by Europa Nostra, have recently published  the European Cultural Heritage Green Paper, in which heritage is finally framed in its dimension as a key resource and driver for the fight against climate change. Abolizione della deroga all’articolo 4 comma 3 delle direttive sull’efficienza energetica degli edifici (EPBD); obbligatorietà del rispetto dei requisiti minimi di prestazione energetica per gli edifici sottoposti a tutelaL’approccio cautelativo verso gli edifici storici, introdotto dal Consiglio d’Europa quasi cinquant’anni fa con la conferenza di Amsterdam, viene con questo pacchetto di direttive e con la nuova proposta di rifusione della direttiva UE 31:2010, completamente stralciato
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He ritag e  - BIM 

HBIM4MANN Project, BHiLAB - ISPC CNR 

Heritage Building Information 
Mod e ling  (HBIM) re p re se nts 
one  of the  most inte re sting  

line s of re se arch for the  d ig ital 
manag e me nt of the  

knowle d g e  p rod uce d  d uring  
the  conse rvation p roce ss of 

archite ctural he ritag e  

BIM, d ue  to  its characte ristic of 
b e ing  a d ig ital syste m 
e mb e d d ing  multip le  

re p re se ntations of the  same  
re ality se e me d  to  us to  b e  the  

tool with the  g re ate st p ote ntial to  
op timize  the  conse rvation and  
mainte nance  of he ritag e  asse ts 

ad d re ssing  p rob le ms of 
he te rog e ne ity acce ssib ility and  

manag e me nt of information. 

Relatore
Note di presentazione
Wy the choice of BIM: Heritage Building Information Modeling (HBIM) represents one of the most interesting lines of research for the digital management of the knowledge produced during the conservation process of architectural heritage. 
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BPS and  Built He ritag e  
Building Performance Simulation (BPS) allows the study and op timisation of e ne rg y p e rformance  in an 
inte rre late d  way, throug h the  creation of a b e havioural mod e l of a g ive n historical urb an fab ric, b uild ing  
or wall e le me nt, re d uced  to  a ce rtain le ve l of ab straction  

 

! 

Relatore
Note di presentazione
As well as the Building Performance Simulation (BPS), that allow the study and optimisation of energy performance in an interrelated way, by the way of the creation of a behavioural model of a  historical manufact and af all its components (envelope, technical building system, occupant behaviour) 
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Numerical simulations are one of the most 
p romising  too ls for ap p lication to  Built  
He ritag e  for: 
• und e rstand  and  analyze  comp lex 

p he nome na, 
• allowing  innovative  ap p lications in the  

re storation p roce ss and  in p re -d iag nostic 
and  d iag nostic non-d e structive  analyze s 
of cultural he ritag e  

• e nsure  fe e d b ack on the  e ne rg y and  
e nvironme ntal imp lications of 
conse rvation choice s also  in re lation to  
the  e volution of d e g rad ation p he nome na 

BPS and  Built He ritag e  

Relatore
Note di presentazione
Like BIM, Building Performance Simulation involve a simulative approach, but in a different way. BPS can be attributed to the category of non-destructive analysis and are particularly interesting tools to support the conservation process of historic buildings.
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HBIM and  BPS inte rop e rab ility 

• Data transfer (which mainly takes place 
through two open file formats, the 
Industry Foundation Classes - IFC 
standard and Green Building 
Extensible Markup Language - 
gbXML), is still not very efficient, 
especially on historic buildings. 

METRICS Project, BHiLAB - ISPC CNR 

Relatore
Note di presentazione
The fourth theme is that of interoperability between the two simulation environments HBIM and BPS. Although HBIM model already contains a large part of the data required for simulations and interoperability,  saving  time and costs by reducing the risk of errors,  the data transfer is still not very efficient, especially on historic buildings. The tranfer takes place mainly through two open file formats, the Industry Foundation Classes - IFC standard and Green Building Extensible Markup Language - gbXML
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The financial support will come from 
the  inte rve ntion of p rivate  fund s 
throug h the  Ene rg y Pe rformance  
Contracting  EPC too, b ase d  on the  
e ne rg y saving s ob taine d  from the  
re trofit of b uild ing s.  

The  EPC involve s an Ene rg y Se rvice  
Comp any (ESCO) that p rovid e s the  
financing  of the  inte rve ntions   

 

EPC Ene rg y Pe rformance  Contracting  

Relatore
Note di presentazione
The project provide public administrations a powerful method for the energy rehabilitation of public buildings, the Energy Performance Contracting involving  Energy Service Company (ESCO) that provides private  financing
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BEEP Workflow 

Relatore
Note di presentazione
This diagram represents the workflow of the BEEP project and underlines the centrality of the HBIM platform for a series of surveys, analyses and simulations necessary to develop design solutions. ��
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Name of Build ing: Palazzo Maffei Borghese 
Locat ion: Via del Clementino, 91, Roma Campo Marzio 
Floor area: 6.340,00 m2 
Volume: 24000 m3 
Orig inal use, present or future use: Offices of the Avvocatura Generale dello Stato  
Year: year 1400-1700 
 

Ita lian case  stud y – Palazzo  Maffe i-Borg he se  

Relatore
Note di presentazione
The Italian case study  is Palazzo Maffei-Borghese, a listed building in the historic Renaissance center of Rome. It is owned by the state property agency and currently the seat of the State Attorney's Office. 
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Analysis p hase  

Plan of Rome, Bufalini 1551. 
View of Rome, Antonio Tempesta 1593. 

• Preliminary analysis;  
• Historical and architectural analysis;  
• Geometric survey;  
• General conservation state; 
• Energy and environmental analysis;  
• .  

Relatore
Note di presentazione
The first activities regarded as usual the historical and architectural analyses, essential for the knowledge of the building also as a starting point for other in-depth analyses as the conservation state of the energy and environmental one.
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Ge ome tric surve y 
 

• Preliminary analysis;  
• Historical and architectural analysis;  
• Geometric survey;  
• General conservation state;  
• Energy and environmental analysis;  

Relatore
Note di presentazione
The geometric survey of the building was created by integrating different technologies. For the outdoors, the laser scanner and photogrammetry, and for the indoors a SLAM technology (Simultaneous Localization And Mapping) was used,  particularly suitable for the survey of interiors or large building structures due to the rapidity of acquisition
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• The analysis of the state of conservation was performed with the support of a rapid 
photogrammetric survey to obtain accurate information on the current state of the surfaces. 

Ge ome tric surve y 
 

• Pre liminary analysis;  
• Historical and  archite ctural analysis;  
• Geometric survey;  
• Ene rg y and  e nvironme ntal analysis;  
• Ge ne ral conse rvation state .  

Relatore
Note di presentazione
Photogrammetry allows the conservation state analyses included the description of materials and of decay and deterioration pattern
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Ge ne ra l conse rvation state  
 

• Preliminary analysis;  
• Historical and architectural analysis;  
• Geometric survey;  
• Energy and environmental analysis;  
• General conservat ion state.  

Relatore
Note di presentazione
Here you can see the representation in thematic mapsThe knowledge of the damaged construction elements was fundamental for the design of energy improvement interventions. 
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Ene rg y and  e nvironme nta l analysis 
 

• Starting from a first hypothesis of homogeneous wall stratigraphy, 
we carried out a thermographic survey to verify this hypothesis 
and subsequently a thermofluximetric campaign with to collect 
transmittance data on each different wall typology highlighted. 

• (quella storica principalmente di due tipi, a sacco con paramenti 
di tufo ed in tufo piena) 
 

• Preliminary analysis;  
• Historical and architectural analysis;  
• Geometric survey;  
• Energy and environmental analysis;  
• General conservation state.  

Relatore
Note di presentazione
Then we performed a set of Energy and environmental analysis, thermographic survey with the aim of get information on the external and internal walls of the building as a support for the identification of the wall stratigraphy, combined with the consultation of traditional manuals. 
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Thermal b rid g e s;  
Air cracks;  
Mate rials e missivity;  
Cap illary rise  of wate r (e stimate d );  
Irre g ularitie s in the  installation of the  
mate rials, any infrare d  visib le  
d e g rad ation in the  inte rnal laye rs.  

Energy and environmental analysis 
 

Relatore
Note di presentazione
The thermographic analyses have allowed also identifying more recent interventions or transformations undergone over time, as well as conservation problems such as: thermal bridges, capillary rise of water or humidity, degradation in the internal layers. 
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Ene rg y and  
e nvironme nta l 
analysis 
 

Internal environmental monitoring, which lasted about a 
year, was undertaken to support both the input data for 
the energy model and further calibration with ambient 
temperatures 

The results show a very massive behavior of the building 
with less than 2 ° C of daily thermal excursion in winter and 
summer. 

Relatore
Note di presentazione
At the same time we also carried out the analysis of microclimate data with the aim of characterizing the indoor microclimate and providing useful data for the calibration of the building's dynamic simulation model
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Ene rg y and  e nvironme ntal analysis 
 

Breakdown of one of the elevation into sections and management scheme of the 
heat flow meter analyses  

For an optimised 
planning of the 
positioning of the 
measurements point of 
the heat flux meter 
analysis on Palazzo 
Maffei-Borghese 
(Clementino), an 
additional numerical 
simulation of the 
sunshine hours on the 
building was performed 
during the winter 
months. 

Relatore
Note di presentazione
For an optimised planning of the positioning of the measurements point of the heat flux meter analysis we performed an additional numerical simulation of the sunshine hours on the building during the winter months. For the simulation we used the combination of Rhinoceros software with Grasshopper and the Ladybug environmental analysis plug-in
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Ene rg y and  e nvironme ntal analysis 
 

Relatore
Note di presentazione
This analysis made possible to identify the  measurement points for the thermofluximetric analysis.
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• With the building point cloud ready and the Model 
Element Table defined, we started the 
interoperability activities to guide the modeling 
phase. 

Ene rg y Efficie ncy He ritag e  Build ing  Information Mod e l  
(EE-HBIM)  

Relatore
Note di presentazione
The next step was the creation of the EE-HBIM model, a centralized repository to optimize the management of the large amount of information deriving from the analysis and simulation process
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Summary of the tools used by each partner 

BEEP p artne r inte rop e rab ility workflow  
 
 

Relatore
Note di presentazione
With the Beep consortium we performed  a feasibility study on the interoperability between the different software.Each partner has chosen different combination depending on the context of the country, on the regulatory point of view and on the knowledge and skills
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Bim and Numerical Simulation Interoperability  
Archicad To Termolog Workflow  

Relatore
Note di presentazione
This video describes the Environmental and energy simulation process applied for the energy improvement of the building. The calculation method chosen for the Italian case study was the simplified dynamic calculation, very important in case of historical buildings in the Mediterranean area as they allow to take into account the complex behaviour of the heritage (for example the massive behaviour) and better address summer conditions in general.The software chosen is Termolog by Logicalsoft, as it was one of the first in Italy to fully integrate the simplified dynamic calculation method. 
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Render view of the photovoltaic panel system on the roof. The intervention 
view includes also the intervention IT1P07 on the bioclimatic buffer space 
and the IT1P08 with the restoration of window shadings. 

De ve lop me nt of the  e ne rg y conce p t with 
De sig n Inte rve ntion Sce narios 

Relatore
Note di presentazione
The result of these analyses and simulations, led to the definition of a performance-based design workflow that consider the main criteria of compatibility, efficiency, economic and environmental sustainability, in order to obtain the most efficient retrofit solutions. 
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EEHBIM – Cyprus: The British Cavalry Club 

Relatore
Note di presentazione
I will briefly show the other partner case study: here the British Cavalry Club, a listed building rich of heritage significance that will host the new ‘Folk Art’ museum of Nicosia.  
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The BIM model  

gbXML import to DesignBuilder  

 Re vit To  De sig n Build e r Workflow 
  

Room/space Volumes dialogue box.  
gbXML Check – Spider Web.  

The British Cavalry Club  (Cyprus Folk Art Museum) case study by Cyprus  

Relatore
Note di presentazione
The Cyprus partners used DesignBuilder, a user-friendly modelling environment for  EnergyPlus software tool developed to ease up the building simulation process.
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Palacio  d e  Calatayud  in Vale ncia , SPAIN 

Relatore
Note di presentazione
The spanish case study Palacio de Calatayud in Valencia. 
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Al Karak Municipality guest house' case study by Jordan  

 Re vit to  De sig n Build e r WO RKFLO W  

Relatore
Note di presentazione
The activities in Jordan included the study of the Al Karak Municipality guest house, a municipal building, that, like most of Jordanian buildings, regarding the energy efficiency and thermal comfort, has a very poor performance 
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Ene rg y mod e lling  and  simulation re sults o f the  sce narios 
Al Karak Municipality guest house' case study by Jordan  

Electrical Water Heater Replacement 

Relatore
Note di presentazione
These are the results of the scenario simulation. This project is considered the first of its kind in Jordan regarding objectives and outcome. Throughout this project, we have produced the first ever, officially signed, BIM Execution Plan in Jordan
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Eg yp tian case  stud y: Cord ahi Build ing  

Relatore
Note di presentazione
In Egypt we have 2 case studies, both are in the old city centre of Alexandria. Here you can see the Cordahi Building (from the laser scan survey, to the bim modeling till the energy simulation). 
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Horre ya 
Ce nte r for 
Creativity:  
from 3D Point 
Cloud  to  
HBIM mod e l  

Relatore
Note di presentazione
They used a scan to bim process, and  the revit model was exported in Design builder After the calibration the simulation was very close to the reality so the model was quite accurateWhen they started the building was unused, the current project is to convert in a Boutique Hotel, so they assumed the renovation project as the base case
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Some  re comme nd ations on inte rve ntions and  sce narios 

Phase 1:  
Dry Scenarios: 

 
1. Internal blinds. 
2. Change  the Artificial 

Lighting (Lamps) 
3. Internal Insulation 

(Paints) 
4. Natural Ventilation 
5. Lighting Sensors 

 

 

Phase 3: 
Electromechanical 
Scenarios: 

1. Change HVAC Systems 
2. Change Water Boilers   
3. PV 
4. Grey Water 

Phase 2:  
Architectural Intervention 
Scenarios: 

1. External Shading 
2. Roof Insulation 
3. Change the Glazing 
4. Wall Renovation (Such 

as: Cavity walls) 
5. Phase Change Materials 

Whole building 
Ene rg y 
Pe rformance   in 
De sig n Build e r 

 

Relatore
Note di presentazione
The measures for the energy renovation of the pilot buildings in all countries were of two types: As passive measures, the most used by the partners in the retrofitting scenarios have been the incorporation of thermal insulation from the inside of the building and the incorporation of shading systems.As active measures, the most popular are the renovation of lighting with LED lamps, the replacement of old heating and air-conditioning equipment with more efficient ones and the incorporation of building management systems.Regarding the implementation of renewable energy sources, many of the partners seem to have opted for the installation of photovoltaic panels on the roof.
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First Le b anon 
case  stud ie s of 
Trip o li: the  Rachid  
Karami Cultura l 
Ce nte r.  

Relatore
Note di presentazione
Lebanon also dealt with 2 case studies: Rachid Karami Cultural Center, in Tripoli
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• The scenarios were 
then amended to 
maximize the energy 
savings with the 
highest ROI. 
Additional 
simulations were 
performed where 
additional measures 
were included for 
both case studies.  
 

Se cond  Le b anon case  
stud y: Municip ality of 
Trip o li 

Relatore
Note di presentazione
And the Muncipality of Tripoli. 
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Energy modelling 
and simulat ion 
results of  the 
scenarios (post-
operam) 
 • Palestinian case study 

Morcos Nassar Palace 

Relatore
Note di presentazione
This is the Palestinian case study Morcos Nassar Palace. The Centre for Cultural Heritage Preservation, BEEP partners, has heritage skills, but they had never dealt with either the issue of EFF EN or BIM, so they acquired experience during the life of the project
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The BEEP project main result is the establish a common framework among the partners 
to  se t up  and  harmonize  the  p ro ject workflow d ep end ing  on local sp ecificitie s. 
Furthermore, w e have not only reached but even exceeded the performance 
indicators that the program requested (CO2 avoided, kWh of RES produced and 
self-consumed) 
We are  now sup p orting   the  p ub lic ad ministration (b uild ing ’s owners and  manag e rs) in 
the  renovation p ro ject in the  EPC imp lementation, p hase , he lp ing  them to  write  and  sig n 
the  correct and  more  suitab le  contract and  e fficient Esco .  

CO NCLUSIO NS 

Relatore
Note di presentazione
The BEEP project main result is the establish a common framework among the partners to set up and harmonize the project workflow depending on local specificities.Furthermore, we have not only reached but even exceeded the performance indicators that the program requested (CO2 avoided, kWh of RES produced and self-consumed)We are now supporting  the public administration (building’s owners and managers) in the renovation project in the EPC implementation, phase, helping them to write and sign the correct and more suitable contract and efficient Esco
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Grazie  
 per l’ascolto 

 
elena.gigliarelli@cnr.it 
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