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Publishable executive summary

The purpose of this report is to collect and summarise the results of the building energy performance simulations of
the BIM SPEED demonstration cases. The activities performed includes the development of BEM models of the actual
state of the buildings, the assessment of the energy performance and the evaluation of the renovation scenarios. All
the energy models have been collected in an OpenData repository on DepositOnce available at the following URL:

https://doi.org/10.14279/depositonce-16386.

The following different tools and procedures have been applied to the BIM SPEED democases:

e the BIM-to-BEM procedures and tools created within BIM SPEED;

e the calibration procedure developed by Universita Politecnica delle Marche;

e the optimization tool developed by Metabuild.

Moreover, the deliverable suggests a way to include real-time data coming from monitoring and weather forecast
data into the energy simulations in order to increase BEM reliability and have more precise prediction of building
energy consumption.

In general, the activities carried out constitutes an important step to consolidate the use of BIM in the building
renovation process and check the developments achieved in BIM SPEED.

The report provides an introduction about the methods, tools and processes adopted, an overview of the process
applied in each democase, a qualitative assessment of the time reduction related to the adoption of the BIM-to-

BEM workflow for the energy simulations and specific energy Reports, one for each demo.
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List of acronyms and abbreviations

BEM: Building Energy Model

BIM: Building Information Model

DIYEPW: Do-lt-Yourself EnergyPlus weather
EEB: Energy-efficient Building

EED: Energy Efficiency Directive

EPW: EnergyPlus Weather

EPBD: Energy Performance Buildings Directive
GbXML: Green building XML

GIS: Geospatial Information System

HVAC: Heating Ventilation Air Conditioning
IDF: Input Definition Format

IEQ: Indoor Environment Quality

IFC: Industry Foundation Classes

KPI: Key Performance Indicator

LAF: Localized Actual meteorological year File
MEP: Mechanical Electrical Plumbing

nZEB: Nearly Zero-Energy Buildings

RES: Renewable Energy Source

TRL: Technology Readiness Level

XML: Extensible Markup Language

Definitions

BIM-to-BEM interoperability
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BIM-to-BEM interoperability is the ability of BIM and BEM tools to communicate and exchange data correctly.

Open BIM

Open BIM is a universal approach for collaborative design, realization and operation of buildings based on open

standards and workflows. Open BIM is an initiative of buildingSMART and several leading software vendors using

the open buildingSMART Data Model.
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1. Introduction

1.1 Description of the deliverable content and purpose

The main goal of this deliverable is to provide practical examples for designers, energy modelers, and building
owners in order to increase the know-how and the awareness on the potential benefits due to the adoption of the
BIM-to-BEM procedures, the calibration process, and the use of optimization processes for defining renovation
interventions on existing buildings.

The document provides information on the activities carried out on each BIM SPEED pilot regarding the building
energy simulations, informing on the current energy performance of the buildings and on expected energy savings
of each renovation proposed.

In general, the scope of work was to test and check the procedures developed in WP3 on real cases, consolidate the
use of BIM in the building renovation process also for the energy assessments, accelerating the energy analysis and
therefore, enhancing the energy efficiency of the proposed interventions.

Deliverable type is “other” and summarising Task 4.2 activities, 3 main practical assets can be identified:

Activity 1: Oversee running the building energy simulations

The building energy simulations have been carried out in conjunction with WP3 and WP8 activities. Different tools
and procedures have been used, according to pilots’ responsible needs and expertise. A general coordination of
activities and results have been performed within task 4.2 as well as a technical support related the new procedures
developed in WP3.

Chapter 2 provides the methodology and the workflow adopted to perform the Building Energy Performance
simulations on the BIM SPEED democases.

The energy models, complete with building elements, layout, topology, systems and occupancy patterns, were
collected in an OpenData repository on DepositOnce, together with complete Energy Reports summarizing features

and results.

Activity 2: Conduct various simulations for building renovation

For each pilot various simulations for building renovations were performed according to the inputs coming from
Task 7.1 activities comprising energy, thermal load and HVAC performance analyses. In particular, two different
approaches were used. One following a more traditional process and with a limited number of solutions evaluated
and one based on an automated optimization process capable of evaluating multiple simulations of varying
renovation solutions in search of the optimal energy performance. For this purpose, an automated optimization tool
was developed by Metabuild. Chapter 3 provides the methodologies and the workflow adopted to evaluate the

renovation scenarios.
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Activity 3: Automatic parametrisation of the simulation model with real-time data and weather forecast

A way to include real-time data coming from monitoring and weather forecast data into the energy simulations was

investigated in order to increase BEM reliability and have more precise prediction of building energy consumption.

Chapter 4 summarises a few feasible approaches to include real time data and weather forecast into the Energy

simulations.

To conclude, a qualitative assessment of the time reduction related to the adoption of the BIM-to-BEM workflow
for the energy simulations has been provided within Chapter 5.
All the BIM SPEED pilots, expect for Varna and Malko Tarnovo, have been included int the BEM performance

simulation activities. The two Bulgarian demos have been used to test other BIM SPEED tools.

1.2 Contributions of partners
All the partners assigned to Task 4.2 have contributed to the development of this report. More specifically, partners’

contribution to the deliverable can be divided as follows:

Table 1: Contribution of partners

O

Leader of the deliverable, coordination of the overall task activity, direct BEM creation
1 STRESS for Vitoria and Frigento democases, oversee all the other BEM development,
investigation of automatic parametrization with real-time data and weather forecast.

Overseeing BEM development and evaluation of the renovation scenarios applying the

2 CYPE
CYPETHERM Procedure and tools.
3 UNIVPM Investigation of automatic parametrization with real-time data and weather forecast.
4 MTB Development of an automatic optimization tool to assess multiple renovation scenarios.

1.3 Target group and relations to other activities

The main target group of this deliverable are designers, energy modelers and building owners.

Task 4.2 activities are directly linked to:

e WP2: from which the BIM models are derived;

e WP3: Task 3.2 concerning the BIM-to-BEM procedures, Task 3.3 for the integration of weather file data into BEM
models and Task 3.4 for the calibration process;

e WP4: Task 4.1 concerning the Energy KPIs to be calculated and the use Cases and Task 4.5 to which Energy KPI
are provided;

e WP7: Task 7.1 for the renovation scenarios options;

e \WPS8: Task 8.1 for the activities carried out on each demonstration case.
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2. Building energy performance evaluation workflow

This section provides an overview of the workflow adopted for the assessment of the energy performance of
buildings and renovation scenarios on the BIM SPEED democases with simulated data. It corresponds to the Use
Case UC 2, specifies the steps to move from the real building to the virtual one and supports the renovation design
and the reduction of the energy consumptions when real energy data from the building are missing.

As shown in the figure below, the workflow starts with the creation of the Energy Model called “Baseline model”,
that corresponds to the actual state of the building, then the BEM, to be reliable, has to be calibrated using the
energy consumption (from energy bills or direct monitoring) and the energy performance of the building are
evaluated according to the Energy KPIs defined in Deliverable 4.1 (i.e. BS.OPED, BS.TED, BS.TEC, BS.GWP, BS.FP, and
BS.OEC). Once the BEM of the baseline has been created, calibrated and assessed, it is possible to define and model

the renovation scenarios, run the simulations and compare the results.

Overall workflow Traditional methods BIM SPEED developments

1
BEM creation Starting from scratch BIM-to-BEM :
(BASELINE model) Several tools on the market CYPETHERM tools |

1

1
BEM calibration Manual and Simplified UNIVPM Calibration :
(BASELINE model) calibration tool/procedure |
)

1
Energy Performance evaluation Energy KPIs Energy KPls :
(BASELINE model) Several tools on the market CYPETHERM tools |

1

Evaluation of RENOVATION Manual creation of

SCENARIOS multiple BEMs Optimization tool (MTB)

e e e e e e e e e e e e e e e e R T T e e e e e e e e e e e e o e T T M e e e e M e e e e o o = =

Figure 1: Task 4.2 Energy assessment workflow

The overall process, starting from the creation of the BEM and ending with the evaluation of the renovation
scenarios, can be implemented through:

e traditional methods and tools (middle column);

e tools and procedures developed in BIM SPEED (right column);

e amix of both (e.g. BEM created in the traditional way and calibrated with the tool developed in BIM

SPEED).
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The following paragraphs detail the process step-by-step. Practical examples of different combination of procedures
and tools that can be adopted for the energy assessments have been documented within each Energy Report
included in an OpenData repository on DepositOnce available at the following  URL:

https://doi.org/10.14279/depositonce-16386.

2.1 BEM creation methodology

The creation of a detailed BEM is a very lengthy, laborious and resource consuming process. In general, it starts with
an energy audit, requires specific tools and ends with the calibration of the model.

The methodological approach adopted in BIM SPEED for the creation of the BEMs passes through a coordination
with previous phases of the BIM-SPEED process, starting from the data acquisition methods provided in WP1 and
the creation if as-built BIMs as defined in WP2.

2.1.1 Auditing procedures and data collection
Deliverable 1.1 “Methods for architectural, structural, thermal 3D data acquisition of existing buildings” and
Deliverable 1.2 “Methods for surveying and diagnostics of HVAC systems in existing buildings” provided guidelines
and methods for data acquisition of existing buildings.
The auditing procedure consists of an initial phase of preliminary data collection, a site survey to define the process
and the retrieval of technical and energy-related information. In general, the energy audit is needed to collect the
following data (in addition to the geometrical information):
e thermo-physical characteristics of the envelope (materials properties);
e specification of the energy performance of windows;
e space use and features to identify homogeneous thermal zones;
e thermal loads due to the specific use of the different thermal zones;
e ventilation rates of the thermal zones (per occupant or space size);
e set point temperatures of each thermal zone;
e HVAC systems for the building and for each thermal zone (sub-systems).
Some of this information may already be included in BIM models.
Following the methodology for the energy audit process in line with the standard EN 16247-2:2022 “Energy Audit
Part 2: Buildings” is summarized.
Table 2: Steps in the energy audit process

Hm Purpose and characteristics

a. Definition of the needs of the client

Preliminary o . . N
tact b. Definition of the scope of intervention, degree of accuracy and objectives of the DE
contacts
c. Definition of the type of audit and energy system
BIM-SPEED D4.2 — Real demonstration results of BEM performance simulation using page 13- 35
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e. Preliminary information on strategic programs, building energy management systems,

d.Preliminary information on the operations to be carried out pe the DE

constraints on potential energy saving measures
f. Definition of building contact person and figures to be involved in all phases

g. Definition of report deliverables to be submitted

a. Defining the boundaries of the energy system and operational modes of access
b. Definition of resources and data to be provided
c. Definition of safety and security standards for the execution of DE

Preliminary

meeting d.Informing the client of the process steps, execution scheme, and mode of operation

e.Acquisition of preliminary and significant data on the building, past events, recent
maintenance works, special constraints

f. Definition of the schedule of inspections with relevant priorities

a. Data collection of the energy system
b.Retrieval of design, operation and maintenance documents
c. Current and projected prices and costs
C Data collection
d.Relevant energy, economic and environmental data
e.Review and possible integration of data collected
f. Preliminary analysis of the energy system
a.Inspection of various aspects of the energy system and its behavior based on the
preliminary meeting and data collected

D On.si.tt.e b.Evaluate the significant energy aspects
activities

c. Identify operating modes, user behavior and their influence on energy consumption
d.List areas and processes that need data integration to support analysis
a. Construction of the energy model based on the data and information collected
b.Budget analysis and diagram of energy flows broken down by end use, plant system
and supply

E Analysis c. Definition and calculation of energy performance indicators, comparison of actual,
operational and benchmark indices
d.ldentification and evaluation of energy saving opportunities ORE, intervention
scenarios

F  Report a. Development of the contents of the energy diagnosis report according to the scope,
objectives and level of detail
a. Delivery of the diagnosis report

G  Final Meeting b.Presentation of results and verification of supplementary vc investigation

c. Analysis and preliminary planning of interventions

Within the BIM SPEED Project, the Energy Audits have been performed by the pilots’ responsible. Results and
information have been documented within the energy reports included within an OpenData repository on

DepositOnce available at the following URL: https://doi.org/10.14279/depositonce-16386.
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After a framing of the site, of the activities boundaries and the actors involved, an inventory of the main energy data
was carried out through the compilation of a special check-list (excel file circulated among all partners for the data
collection).

2.1.2 BEM creation: tools and procedures used

To create BEM models, according to each democase needs, two different approaches were adopted:

e the BIM-to-BEM approach developed in BIM SPEED: the CYPETHERM Procedure has been fully detailed within
D3.2 “A set of support tools and standardized procedures for BEM creation”, it allows both to use a simple
approach and a full BIM-BEM advanced approach according to the expertise of the energy modeler and the
data available.

e atraditional approach using different tools already available on the market: since the BIM-to-BEM process
might require a few manual adjustments, simplifications and corrections that could be extremely time-
consuming especially for large and complex buildings, a few democases adopted a traditional process for the
BEM creation, choosing to test other BIM SPEED tools.

To support the BEM creation following the CYPETHERM Procedure a dedicated webinar has been carried out with

specific training (25" February 2021).

2.2 BEM calibration

Since a significant discrepancy is found between simulated results coming from BEM and measured energy
consumption, reaching values up to 250%, it is important calibrate the models. Deliverable 3.4 “A set of calibrated
BEM for real demo” provides details on the calibration methodologies and on the BEM-Calibration Tool developed
by UNIVMP within the framework of task 3.4 activities, including both manual and automated approaches to give a
wider range of possibilities to execute the calibration.

In general, to calibrate a BEM model all the parameters that influence the energy performance of a building must
be accurately collected during the period of interest. In particular, to complete a calibration, energy consumptions
(utility bills spanning at least 1 year and comprising at least 12 valid meter readings, according to ASHRAE 14
standard) must be available.

To support pilots” activities, a “BEM-Calibration: data collection guideline” (included within Appendix 1) had been
developed to collect data and set BEM models compliant with the BEM-Calibration Tool requirements. The purpose

is to avoid the gap between predicted and real energy consumptions.

2.3  Energy performance evaluation

Deliverable 4.1 identified the energy KPIs to be assessed in order to evaluate the energy behavior of the building
conditions pre and post-renovation. There are different simulation engines that can be used to calculate the energy
performance of a building starting from a compatible energy model. Many available tools already implement their

simulation algorithms.
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The information gathered during the energy audits, the energy modeling performed using dedicated software, and
the technician's experience enabled the characterization of energy consumption for the different BIM SPEED
democases.

Table 3 briefly summarises the Energy KPIs calculated for the BIM SPEED democases in order to evaluate the energy
performance of the actual state of the buildings (baseline models). Additionally, the CYPETHERM Procedure allows
to export an .idf file compatible with Energy Plus, a simulation tool which leads to more accurate predictions of

various additional parameters.

Table 3: Energy KPIs evaluated for the actual state of the BIM SPEED democases

I N

The aim of this KPI is the reduction of the primary energy consumptions due to
the integration of renewable energy sources and the improvement of the
building’s energy performance. The use of primary energy is required for
calculating the environmental impact.

The primary energy is the energy supplied to the building (from renewable and

Operational non-renewable sources) that has not been subjected to any conversion or
BS.OPED Primary Energy transformation process. It is the energy contained in fuels and other sources of
Demand energy and includes the energy necessary to generate the final energy consumed,

including losses due to transformation, transportation to the building, etc. These
losses are included in the primary energy factors. National or even regional
conversion factors for calculating the primary energy consumptions from
calculated or measured final energy consumption depend on the fuel and the fuel

mix for generating electricity.
The energy demand of a building states the quality of its envelope. It is the total
amount of energy the technical systems of the building (heating and cooling) have
to provide to maintain its indoor environment in comfortable conditions. The

Total Energy o .

BS.TED Demand calculation is usually performed for the period of one year. Total energy demand
€ differentiates energy demand for cooling and heating as each of them appears at
different times of the year and have to be calculated separately. The total energy

demand is measured kWh/mayear.

The objective of this KPI is to have an assessment of the building consumptions.
Total Energy Consumption is the balance between the different energy sources
needed to meet the energy demand of the building. The overall value includes the
energy supplied for heating, cooling, ventilation, domestic hot water, lighting
among others during a certain period (usually one year). The total energy

BS.TEC Total Energy consumption is measured kWh/m2year.

Consumption The Total Energy Consumption KPI is the combination of different KPls, that must

be calculated separately. They are:
- Total Energy Consumption for Heating KPI;
- Total Energy Consumption for Cooling KPI;

- Total Energy Consumption for Domestic Hot Water KPI;
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The achievement of detailed characterization profiles allows for a more reliable

- Total Energy Consumption for Lighting KPI.

assessment of the energy efficiency of the building and for designing innovative
control strategies based on real consumption patterns.

2.4 Real demonstration results

All the BIM SPEED pilots, expect for Varna and Malko Tarnovo, have been involved in task 4.2 activities.

The following paragraph 2.4.1 provides an overview of the methodologies and the tools adopted for the BEM
creation. All the BEM models of the actual state of the buildings, and the Energy Reports have been collected in an

OpenData repository on DepositOnce available at the following URL: https://doi.org/10.14279/depositonce-16386.

241 Summary of the methodologies and tools applied

The following table summarises the procedures and the tools adopted in each democase to perform the energy
assessment. Not all the BIM SPEED democases tested a BIM-to BEM procedure, for some democases, due to the
complexity of the existing BIM models that would have required much more effort and manual adjustments rather
than starting from the scratch, the BEM creation was aimed to test other BIM SPEED tools (e.g. the Calibration tool,

the Optimization tool and the multi decision-making tool).

Table 4: Summary of the procedures and tools for the BEM creation

L

BIM-to-BEM COMPLETED
Vitoria
CYPE’s Procedure UNIVPM tool
. Traditional Process L

2  Lichtenrade . No calibration tested
IDF Editor EPlus
BIM-to-BEM . . I

3 Warsawl Only a simplified validation process completed
CYPE’s Procedure
BIM-to-BEM . .

4 Warsaw i No calibration tested
CYPE’s Procedure
BIM-to-BEM

5 Barlad No calibration tested
CYPE’s Procedure

6 M. Tarnovo no energy assessment

7 Varna no energy assessment
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11

12

13

Frigento

Gdynia

Warmond

Tempelhof

Antony

Massy

BIM-to-BEM
CYPE’s Procedure

BIM-to-BEM
CYPE’s Procedure

Traditional Process
Rhino + Grasshopper + EnergyPlus

BIM-to-BEM
CYPE’s Procedure

Traditional Process
Design Builder

Traditioanl Process
Design Builder

BIM) % sreeo
&
Only a simplified validation process completed

Only a simplified validation process completed

COMPLETED
UNIVPM tool

No calibration tested
No calibration tested

No calibration tested

Out of 13 demonstrators, 7 tested the BIM-to-BEM procedure developed in WP3, while 4 demonstrators used, for

the creation of BEM models, a traditional approach starting the energy model development for the scratch.

The Calibration tool developed by UNIVPM was tested in 2 democases: Vitoria and Warmond. For the other

democases it was not possible to test the tool as not all the required data (monitoring data, energy bills) were

available with a proper level of detail.
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3. Building renovation scenarios evaluation

To evaluate various renovation scenarios two different approaches were adopted according to the BEM features
and the pilots’ needs:

® an automated optimization procedure based on the use of the Optimization tool developed by Metabuild;

o amanual procedure involving the manual configuration of multiple BEMs.

Both approaches, detailed within the following paragraphs, allow the evaluation of the energy savings that a specific
renovation can provide.

The identification of the renovation scenarios to be assessed under the energy point of view was provided, for each
democase, by the multi decision-making tool (task 7.1) based on the specific issues and suitable areas of
improvements identified in each building.

The approach for calculating energy savings is connected to the current state of the building (baseline) and to the
comparison between the energy consumption of the baseline and the expected energy consumption as calculated
for the specific renovation.

The following Energy KPIs have been evaluated for each renovation scenarios.

Table 5: Energy KPIs evaluated for the renovation scenarios of the BIM SPEED democases

I N

Operational
BS.OPED Primary Energy As in previous table 3
Demand
Total Ener
BS.TED &Y As in previous table 3
Demand

Total Ener
BS.TEC .gy As in previous table 3
Consumption

The Total Energy Savings is a KPI that provides the amount of energy that has been
BS.TES Total Energy saved due to the renovation process. It represents the difference between Total
) Savings Energy Consumption before renovation and Total Energy Consumption after

renovation. The total energy savings are measured in kWh/mayear.

The Total Energy Savings KPI is a crucial indicator for aiding users and stakeholders in the decision-making process

and in selecting the most suitable renovation action.
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3.1 Automated optimization procedure for the assessment of renovation scenarios
An optimization procedure to simulate and post-process a large number of different renovation scenarios in search

of the optimal solution has been developed by Metabuild.

3.1.1 Brief overview of the tool
Metabuild is a future cloud platform that enables real estate developers and architects to create better buildings
using artificial intelligence commanded by a unique optimization algorithm. It was created within 8 years of research
and development, initially for new buildings and now being extended for building renovation projects. It enables
building owners to reduce life cycle costs of their real estate projects by up to 30%.
The optimization process, for the time being, is not yet fully automated in all its steps and the tool is still being
further developed. Basically, the procedure is characterised, whether it is done manually or automatic, by three
main steps:

1. Input data and set-up of the optimization process;

2.  Calculation of the optimization;

3. Output data and report generation.

3.1.2 Input data and set-up of the optimization process
The first step corresponds to preparation and adaptation of the data to be introduced in the calculation engine. This
phase can be divided in the following subtasks:
e BEM model adaptation: it might be necessary to simplify or adapt the BEM in order to complete the
optimization process;
e |dentification of a list of options to be tested in the optimization process;
e Definition set of constructions data, economic data, finance data to be used in the process.

This step is not fully automatic and requires manual input from an energy expert.

3.1.3 Input data and set-up of the optimization process

The second step corresponds to launching of simulations and calculations according to the configuration defined
previously and based on an optimization algorithm. Once the optimization is launched, the search of a range of
optimal renovation scenarios is fully automatic and controlled by an Al algorithm. The calculation time depends on
many factors such as building size number of thermal zones, number of different options included in the
optimization, number of servers available, number of simulations to be proofed for obtaining the optimal solution.
In general, optimization processes last averagely at least 3 days, but they could require up to 10 days for larger and

complex buildings, and the number of simulations for reaching the goal optimal are 4.000.
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The last step concerns the data processing. The step is almost automatic. The optimal solutions are shown within a

3.1.4 Output data and report generation

diagram “the pareto front” where a range of solutions are identified as optimal. It is possible then to select manually
one or more optimal solutions for the automatic generation of the report.

The main advantage of using this approach is the possibility to analyse automatically a big amount of possible
interventions and identify one or a set of optimal EEB renovation scenario(s) according to energy and cost criteria
or other KPIs that are decisive for the project.

Once scenarios are identified, the evaluation can be enriched with comparative calculations e.g. energy savings and

CO:z savings with regard to the baseline.

3.2 Manual procedure for the assessment of renovation scenarios

To evaluate different renovation scenarios and assess the expected energy savings also a manual and more
“traditional” procedure has been proposed to the democases. The approach can be completed using several tools
already available on the market and allow to evaluate a limited number of interventions since thein needs to be
modelled by the users manually.

Starting from the BEM of the baseline, the interventions are manually completed modifying those parameters
representative of the renovations (e.g. adding a layer of external insulation to the existing stratigraphies of the

external walls or changing the efficiency of a boiler).

3.3 Real demonstration results

All the BIM SPEED pilots, expect for Varna and Malko Tarnovo, have been involved in task 4.2 activities.

The following paragraph 3.3.1 provides an overview of:

e the procedure applied for the evaluation of the renovation scenarios;

e the summary of the expected energy savings.

For each demo, details on processes and the energy results have been included in the Energy Reports available,

together with the BEMs of the renovated scenarios, at the following URL: https://doi.org/10.14279/depositonce-

16386.

33.1 Summary of the renovation scenarios process

The following table summarises the procedures and the tools adopted in each democase to assess the renovation
scenarios. The different interventions proposed were identified in the framework of task 7.1 activities.

As shown, the automated optimization process developed by Metabuild to search a set of optimal renovation
solutions among a large number of possible configurations has been applied in 4 democases (Frigento, Warmond,
Antony and Massy) while the other democases adopted a traditional process assessing a more limited number of

scenarios.
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Table 6: Summary of the procedures and tools for the assessment of the renovation scenarios

n PILOT BEM Interventions Process/Tool Number of renovation scenarios assessed

Vitoria COMPLETED - CYPETHERM EPlus

2 Lichtenrade COMPLETED - IDF Editor EPlus 3

3  Warsaw COMPLETED - CYPETHERM EPlus 3

4 | Warsaw Il COMPLETED - CYPETHERM EPlus 1

5 Barlad COMPLETED - CYPETHERM EPlus 3

6 | M. Tarnovo no energy assessment

7 | Varna no energy assessment

8  Frigento COMPLETED - MTB Optimization tool 4000
9 Gdynia COMPLETED - CYPETHERM EPlus 4

10 Warmond COMPLETED - MTB Optimization tool 4000
11 Tempelhof COMPLETED - CYPETHERM EPlus 3

12 Antony COMPLETED - with MTB Optimization tool 4000
13 Massy COMPLETED - with MTB Optimization tool 4000

3.3.2 Summary of the expected energy savings
The following table summarises the energy savings expected in each democase with the adoption of the best

renovation scenario according to the assessment done and documented within the Energy Reports.

Table 7: Summary of the expected energy savings

PILOT BASELINE BEST SCENA'? T BIM SPEED process
EPror[kWh/m?] EPror[kWh/m?’] adopded
1 Vitoria 272.7 13.9 95% BIM-to-BEM
2 Lichtenrade 47.81 43.12 10% NO
3  Warsaw | 234.6 92.4 60% BIM-to-BEM
4  Warsaw I no energy assessment of the baseline BIM-to-BEM
5 Barlad 762.8 578.8 24% BIM-to-BEM

6 | Malko Tarnovo no energy assessment

7 | Varna no energy assessment
BIM-to-BEM
8  Frigento 102.6 51.30 50%
Optimization process
9 Gdynia 233.8 75.9 68% BIM-to-BEM
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11

12

13

Warmond
Tempelhof
Antony

Massy

61.93
162.9
58.66
21.54

18.18
83.4
2.64

71%
49%
95%

N‘:\ SPEED

Optimization process
BIM-to-BEM
Optimization process

Optimization process

The results indicate that by adopting the BIM SPEED procedures (BIM-to-BEM and/or the Optimization process) the
expected energy savings range from 24% (Barlad demo, which has low savings due to the limited proposed
interventions) to 95% (Vitoria demo, where the very high energy saving is due to the installation of a very efficient
PV system able to provide a large amount of electricity throughout the year and Antony where the very high energy
saving is due to an extremely performing insulation). On average, the expected savings range from 49% to 71%.

For the Lichtenrade demo, the expected energy savings are very low (only 10%), a traditional BEM creation process
and a traditional selection of renovation scenarios were adopted for the demo without specific energy expertise.
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4. Automatic parametrisation with real-time data and

weather forecast

In this chapter, to complement the analyses performed on the demos and processes developed in BIM SPEED,
possible processes for automatic parameterization of the simulation models with real-time data and weather
forecasts were analyzed. Within the framework of BIM SPEED, any new tools have been developed and the processes
have not been tested on demonstrators, the topic was introduced as it represents a very promising aspect to be

further developed to enrich dynamic simulations, extract results and calculate KPls.

4.1 Current Approach

BEM simulations carried out with EnergyPlus involve two types of data:

e building model with IDF input data files (geometry, building materials, and HVAC system);

e climatic factors in .epw format (EnergyPlus weather) including humidity, temperature, solar radiation, wind
speed, and precipitations.

B EP-Launch 35 ¥
= hie B Wiew Help

Input Data File (.idf) S reut b | oo rene P | oy | L |
Irgeit File

[TAHEER Fber St EPW._houses o stionivrsst, epfll ooy e
Contains the characteristics
e Browese Edk: TestEdktm |  Edf- KIF B
of the building (such as sizes, Q e | = |

materials, etc.)

Wt Fie
[ CAMEER: Files\Ch_DC_rapragan 2014 aces =
' Weather File .epw) = |
Contains weather data v»nw;-;r ‘ —
(including temperature, i H*—":ﬁ“J '_—‘I— T e
humidity, solar radiation, T U_::-l = : : I l : :
etc ) specific to the location ' I
of the building o0 | wip | _emof| w0 | EsD | |
| | . | _wm | |
I | it | | |
Siwddn.
Ermeghs BED Eal |

Figure 2: Energy Plus main interface

The EPW files contain the weather data, including temperature, humidity, temperature, solar radiation, wind speed
and rainfall and they are freely available from the MEREEN weather service, the BIM SPEED GID data provider service
or from https://energyplus.net/weather for different locations around the world.

It is evident how the meteorological parameters above can affect energy-building simulations, and, for

this reason, they must be as accurate as possible.
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However, all types of weather files, in general, show some critical issues such as:

e reliability of the source: even small variations have a strong impact on the simulations

e availability: for example, EnergyPlus often provides TMY files from airport meteorological stations that can
report huge differences with respect to the building’s geographical location. Different studies report that
microclimate conditions are important in terms of energy building consumption so it would be a plus to gain
local weather data.

e modifiability: for an inexperienced user it is difficult to use available climatic data associated with measured
ones with a suitable format for EnergyPlus.

Currently, it is possible to refer to two approaches: one analyzes real-time data as a modification of statistical ones

and the other is investigating how to forecast weather data locally, working on real-time data, from other locations.

The first method is supported by two software DIYEPW and LAF that are going to be illustrated.

4.2 Practical approaches to implement real-time data into the energy simulations

Two practical approaches to implement real-time data into the energy simulations have been investigated.

DIYEPW

DIYEPW, acronymous for Do-It-Yourself EnergyPlus weather file generation, is a Python tool that allows to the
creation of AMY files. AMY files, or actual meteorological years, are files that contain hourly meteorological data and
are specific to a given geographical location. They differ from the TMY, typical meteorological year data, which
instead are created on a statistical part of a block of years. For building energy models, AMY files are more useful,
even though, it is advisable to integrate specific local variables (dry bulb, dew point, pressure, wind direction, wind
speed). DIYEPW allows for the addition of these variables using the same TMY template and therefore in .epw format
(usable in EnergyPlus). Furthermore, it supplies solutions to problems related to missing data (a situation frequented
in this field of data collection). It is possible to get started by clicking the following website:

https://diyepw.readthedocs.io/en/latest/

LAF

LAF, the acronym for Localized Actual Meteorological Year File Creator, is a Phyton tool too, for using locally
observed weather data in building energy simulations. The software is composed of three separate modules three
modules: the TMY3 module, the MesoWest module, and the EPW module.

First, the TMY3 module provides the data schema at a general level; by using its format data are collected using the
MesoWest module. MesoWest is a database that allows you to know variables such as temperature, humidity, and
wind speed, of specific stations in the USA. This module permits the selection of the variables of interest from the
processing of different files of climate control units, returning the averages for each location, and interpolating the

data to extract the missing ones.
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Finally, the EPW module allows you to change the header of the TMY3 file by replacing the local variables entered
by the user. In this way, it is possible to enter real-time variables of a specific site minimizing affections on building

energy simulation.

® MainWindow
Select Visualize
TMY3 file TMY3 file
Load CSV files =mPly- tectuma
with custom -Empty- B Cveoumn
weather data
-Empty- ] 11t column
Do you want to _ ~
add info about Empty B icom
the weather station x
(Iatitude, longitude, -Empty- RICORRY
station name, etc...)? —Empty- B T
Save in:
Print EPW
(a)
( "
Create Read selected TMY3 file |

(| customized EPW file
\\§

[ Select path TMY3 file

Visualize
TMY3 file

»{  Select path CSV file —

v

Customize header ]
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Substitute corresponding columns
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Save customized

_ Print EPW file
Customize TMY3 header .
’l I EPW file in the path

selected by the user
g{ Select variable to download ]_)
H Select path to save EPW file }_)
(b)

Figure 3: Interface and representation of the EPW module

4.3 Practical approaches to implement weather forecast data into the energy simulations
Because of the impact of climate variations on HVAC parameters, taking care of forecasting hour by hour is a matter

of big interest.

For this reason, artificial intelligence is gaining ground in the sector. Particularly, scientists are trying to use neural
networks to predict hourly local temperatures, for example on an outside wall, by using both recent data from
nearby meteorological stations and from the place of interest itself.

It is possible that these data would then be useful as input to create real-time AMY files.

The methods and developments described above represent a starting point for new research toward a user-friendly
automatic parametrization of a simulation model able to use .epw files created with data strictly related

with the building of interest and so particularly accurate.
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5. Real demonstration results

All the BIM SPEED pilots, expect for Varna and Malko Tarnovo, have been involved in task 4.2 activities.
For each demo, details on processes and results have been included in the Energy Reports available at the following

URL: https://doi.org/10.14279/depositonce-16386.

5.1 Open Data Repository

The following table summarises the features of the OpenData repository created on DepositOnce.

Table 8: OpenData Repository information

BIM-Speed Demonstration Projects - Energy Performance Reports

de.contributor.author Roggi. Eva
dodate issued 2022-10-26
dc.description.obstract The reports here summarize the results of the building energy performance simulations of the BIM SPEED en

demonstration coses. Activities reported upon include the development of BEM medels of the actual state of the
buildings, the assessment of the energy performance and the evaluation of the renovation scenarios. The
following tools and procedures have been opplied to generote the reports: » the BiM-to-BEM precedures and
tools created within BIM SPEED, » the calibration procedure developed by Universitd Politecnica delle Marche; «
the optimization tool developed by Metabuild. The reports provide examples for the cutputs-of an important
step to conselidote the use of BIM in the building renovaticn process: The detaoiled performance analysis of
buildings and renovation options.

dcdescription.sponsership  EC/H2020/820553 /EW/Harmenised Building Information Speedway for Energy-Efficient Renavation/BIM-SPEED

dclanguageiso en
derights.uni https:ffcreativecommaons.orgflicenses/by/4.0/
dc.subject.ddc DDC2600 Technik, Medizin, ongewandte Wissenschoften:620 Ingenieurwissenschaftenz620

Ingenieurwissenschaften und zugeordnete Tatigkeiten

de.subject.other BIM-Speed en
de.subject.other Building Performance Simulaticn en
dec:subject.other Building Energy en
dec.subject.other Building Information Modeling en
dc.subjectother Renovation en
dctitle BiM-Speed Demanstration Projects - Energy Performance Reparts en
dctype Textual Data

tub.offiliation Technische Universitat Berdin:Verbundforschung:EU Verbundprojekte:BIM-SPEED

The repository can grow also after the end of the BIM SPEED Project with additional demos. Its structure makes it
easy to add additional Energy Reports and BEM models (adopting the procedure developed in BIM SPEED)

once available.
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A common structure for the Energy Reports has been provided to standardize the process and the results.

5.2 Format of the Energy Reports

The following figure shows the Table of Content of the Energy Reports.

Contents
TABLE OF FIGURES 3
TABLE OF TABLES 4
1. GEMERALINFORMATION 5
1.1 Building description L
132 GIS and environmental data 6
2, ENERGY MODELLING I
21  BIM-to-BEM procedure and software tools used Fi
2.2 Auditing procedures and data collection 10
2.3 Description of BEM's technical features 11
231 Envelope components and materials i1

232 HVAC systems

233 Ocoupancy, lighting, equipment and operating patterns

3. BEM CALIBRATION 17
1.1 Calibration methodology applied and resuits 17
4. BULDING ENERGY PERFORMAMNCE SIMULATION RESULTS 18
4.1 General considerations 18
4.2 Energy KPIs 18
5. BUILDING RENOVATION SCENARIOS 20
L1 Renovation scenaros proposed 20
5.2  Scenario 1: description and results 20
L.3 Scenario 2: description and results 23
L4 Scenario 3: description and results 24
6. TIME REDUCTION EVALUATION 27

Figure 4: Table of Content of the Energy Reports

Basically, the reports were structured around 6 main sections:

1) General information

The section introduces the building. A general description of the main features of the building is provided together

with the information on the building location and the weather data
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This section introduces the process and the tools adopted for the BEM creation and describes the BEM’s technical

2) Energy Modelling

features including information on the envelope components, HVAC systems and occupancy, lighting, equipment and

operating patterns.

[Ee =

| [ Jet el &
Plugin Open BiMserver.c Stp 1_IFC Stp 2_Open  Stp 3_Open Stp 4
BIM - Revit enter Sync Builder BIM BIM CYPETHER
Analytical Constructio M EPlus
Model n Systems

Figure 5: Example of tools used for the BIM-to-BEM process (from Vitoria Energy Report)

3) BEM Calibration
Information on the Calibration methodology and the results of the process, if performed, are provided. The following

table shows and example of the calibration results.

Table 9: Example of calibration results (from Vitoria Energy Report)

Reporting period and CV{RMSE) Experimental Original BEM Phase 1 Phase 2
Calibration Calibration
from 21/11/2019 to 13/03/2020 6604 kWh 8256 kWh 5531 kWh 6482 kWh
from 14/03/2020 to 20/05/2020 1475 kWh 2855 kWh 1724 kWh 2020 kWh
CV{RMSE) | - - I37.7% - 19.3% | 9.8%

4) Building Energy Performance Simulation results

This section documents the results of the energy simulations carried out on the BEM baseline models (actual state
of the building). The Energy KPIs (BS.OPED: Operational Primary Energy Demand, BS.TED: Total Energy Demand
and BS.TEC: Total Energy Consumption) are provided in order to characterise the energy behaviour of the building

before the renovations.

5) Building renovation scenarios

This section introduces the process and the tools adopted for the assessment of the renovation scenarios. If the
Optimization process was adopted, details on the Optimization set-up and on the planning variants considered have
been provided. The assessment ends with the evaluation of the energy performance and the calculation of the

Energy KPIs of each renovation scenario.

6) Time reduction evaluation
The final section provides a qualitative analysis to demonstrate the time reduction for the BIM-to-BEM

process. A summary of the results is provided in the following section 5.3.
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5.3 Summary of the Energy Reports provided

The following Energy Reports have been provided and are available within the dedicated Repository:
e Vitoria Energy Performance Report
e Lichtenrade Energy Performance Report
e  Warsaw | Energy Performance Report
e  Warsaw Il Energy Performance Report
e  Frigento Energy Performance Report
e  Gdynia Energy Performance Report
e Warmond Energy Performance Report
e  Tempelhof Energy Performance Report
e Massy Energy Performance Report
e Antony Energy Performance Report

Additional demos can be included and added to the Repository also after the end of the BIM SPEED project.

5.4 Summary of the Time reduction results

A qualitative strategy to demonstrate the time reduction for the BIM-to-BEM process compared to current practice
has been set and adequately verified in most of the pilots based on the expertise of the energy modeler. As shown
in the following figure, the process for the BEM creation was divided into 4 different main steps:

e Phase 1: Building data collection;

e Phase 2: Building geometry creation;

e Phase 3: Building thermal characterization;

e Phase 4: HVAC characterization.
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Workflow required for the BEM creation

BUILDING DATA COLLECTION (site inspection, document/drawing analysis,..), specific data for the thermal chatacterisation
are needed

“ SPEED

a) direct geometrical measurments
(needed if detailed and reliable technical drawings are not available)

b) collection and detection of the thermal characteristics of building components (mapping of windows type, wall type...)

c} collection and identification of relevant HVAC characteristics (installed power, type of terminals, ...)

d) data on building operational uses

2 |Building geometry creation

a) 2D floorplans reconstruction from on site measurements (needed if detailed and reliable technical drawings are not available)

b} creation of the 3D geometry of the building directly with specific Building Energy Simulation tools

3 |Building thermal characterisation

a) creation of the building components and related libraries (e.g. materials, stratigraphies..)

b) definition of the thermal zones [uses, internal gains - occupancy, lighting, equipment schedules - temperatures..)

4 |HVAC characterisation

a) creation of the HVAC components (and related libraries)

b) definition of the systems

Figure 6: Workflow adopted for the time reduction evaluation

The following table summarises for each democase in which the BIM-to-BEM process has been adopted, the

results of the time reduction evaluation.

Table 10: Summary of the time reduction of the BIM-to-BEM processes

o=
1 YES

Vitoria 42%

2 Warsaw | YES 43%
3 Warsawl I YES 39%
4 Barlad YES 38%
5 Frigento YES 44%
6 Gdynia YES 40%
7 Tempelhof YES 41%
AVERAGE 41%
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The average result demonstrates that the BIM-to-BEM procedure can provide an average 41% of time reduction
compared to current and traditional process showing the convenience of adopt this kind of approach to create

reliable BEM models.
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6. Conclusions

The use of BIM open standards, allowed with the use of CYPETHERM Suite tools, has been prioritised for
interoperability with the BIMSPEED Platform for the BEM creation. Seven pilots tested the BIM-to-BEM procedure
developed in WP3 while six pilots, based on the own available expertise, adopted a more traditional process, testing
not the BIM-to-BEM process and tools but providing energy simulations and testing others BIM SPEED tools as the
Calibration tool (Task 3.4) and/or the MTB optimization tool for the identification of optimal renovation scenarios.
The following different tools and procedures have been applied to the BIM SPEED democases:

e the BIM-to-BEM procedures and tools created within WP3;

e the calibration procedure developed by UNIVPM;

e the optimization tool developed by Metabuild.

The activities performed includes the development of BEM models of the actual state of the buildings, the
assessment of the energy performance and the evaluation of the renovation scenarios (deliverable type is “other”).
All the energy models have been collected within a dedicated Repository available at the following URL:
https://doi.org/10.14279/depositonce-16386.

As a results, it has been experienced that a complete interoperability process between BIM and BEM is still not
completely possible, but the developments achieved in BIM SPEED represent a good starting point for full
compatibility between BIM ad BEM models.

Multiple limitations exist due to lack of:

e Adequate knowledge on the tools/process

e Existing issues/limitation of tools and procedures

In general, the activities carried out constitutes an important step to consolidate the use of BIM in the building
renovation process and regarding the time-reduction evaluation, the average result demonstrates that the BIM-to-
BEM procedure can provide an average 41% of time reduction compared to current and traditional process showing

the convenience of adopt this kind of approach to create reliable BEM models.
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Appendix 1:

BEM-CALIBRATION
Data collection guidelines

Issue Date 31 May 2021
Produced by UNIVPM

Colophon

Copyright © 2019 by BIM-SPEED consortium

Use of any knowledge, information or data contained in this document shall be at the user's sole risk. Neither the BIM-SPEED Consortium nor any of its members, their officers, employees or
agents shall be liable or responsible, in negligence or otherwise, for any loss, damage or expense whatever sustained by any person as a result of the use, in any manner or form, of any
knowledge, information or data contained in this document, or due to any inaccuracy, omission or error therein contained. If you notice information in this publication that you believe should
be corrected or updated, please get in contact with the project coordinator.

The authors intended not to use any copyrighted material for the publication or, if not possible, to indicate the copyright of the respective object. The copyright for any material created by the
authors is reserved. Any duplication or use of objects such as diagrams, sounds or texts in other electronic or printed publications is not permitted without the author's agreement.
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1. Introduction

In building energy renovation, it is fundamental to determine energy savings of different Energy
Conservation Measures (ECM) to define the most advantageous ECM from the
energy/economic/environmental points of view. To compute savings, both pre-retrofit and post-retrofit
building energy data measurements are needed, which, however, are usually not available at the same time.
Moreover, even when both before and after retrofit measurements are present, they would not necessarily
yield an accurate representation of savings, since taken under different weather conditions that strongly
affect energy consumptions.
Numerical simulations can be used to estimate energy consumption in a pre-retrofit and a post-retrofit
scenario under the same conditions. However, due to the uncertainties in physical models and Building
Energy Model (BEM) input assumptions, the accuracy of numerical simulation outcomes is usually poor,
obtaining high discrepancy between numerical results and measured building performance (performance
gap).
To increase simulation accuracy, a Building Energy Model (BEM) calibration is generally proposed
(calibrated simulation). A BEM calibration allows increasing the BEM accuracy by fine-tuning uncertain
input values to match the predicted energy consumption obtained under a specific set of conditions, with
the actual measured data for the same set of conditions. A BEM calibration generally consists of four steps:

1. Data collection;

2. Model enrichment with collected data and simulation;

3. Comparing the simulation model output to measured data;

4. Model refinement until an acceptable calibration is achieved.
In building energy renovation, the BEM adopted for calibration is generally that representing the building
in a pre-retrofit condition (baseline model), and is typically calibrated against real measured energy
consumption data for space heating (baseline data). However, if baseline data do not exist, the BEM can be
calibrated considering the post-retrofit condition.
Once a calibrated BEM is obtained, the BEM in the post-retrofit (or pre-retrofit) scenario is created from the
calibrated model, and energy savings are computed. The differences between the baseline and the post-
retrofit models are limited to the ECM. All other factors, such as weather and occupancy, are instead uniform
between the two models (unless a specific difference has been observed that must be accounted for) to
ensure saving calculation reliability.
The BIM-SPEED BEM-calibration procedure is based on ASHRAE 14 [1] and IPMVP [2] Standards, which
define the procedures and requirements for calibrating building energy models to be used for energy
savings calculation in building energy retrofit projects.
The developed calibration procedure differs from the traditional, time-consuming, manual calibration

approaches due to the adoption of an automated calibration tool, which assists the building energy

modelers in the model refinement iterative process (step 4) without requiring high BEM expertise. ﬁ
W
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In particular, the tool only requires that the modeler defines the range of variation of most relevant
uncertain input data. Then, the tool takes advantage of artificial intelligence algorithms to search for the
best model configuration (set of input values) that better matches measured energy consumption or other
output variables.

Despite automatic, however, the developed tool does not substitute a correct data collection (step 1), which
is still fundamental for the success of whatever model refinement process. Indeed, even when all the data
are adequately collected, a high gap of performance is still usually present, making the model refinement
still needed. Moreover, even when a reasonable match is developed between the modeled and measured
outputs, e.g. energy flows, it is not certain that the model is a good representation of the building. Data
collection must be then carried out to ensure that the calibrated BEM reflects as much as possible the actual
building operation, performance, and characteristics.

In this brief guideline, the minimum requirements for BEM calibration are briefly summarized with a specific
focus on the data collection for Building Energy Performance Simulation (BEPS) according to ASHRAE 14
and IPMVP requirements. This guide is intended to be neither a guideline on how to collect data nor a
building energy modeling guide. For these activities, the energy modeler may refer to the dedicated tasks
in the BIMSPEED project. The guide has instead the main aim to stress the importance of data collection as

a necessary (but not sufficient) condition for the success of the BEM calibration process.

Data collection

To calibrate a BEM, all the parameters that influence the energy performance of a building must be
accurately collected during the period of interest (see Section 2.1). These parameters can be subdivided
into the following three categories:

- Outdoor factors, which consider the surrounding environment (buildings and vegetation) of the
case study, the weather conditions, and the location;

- Indoor factors, which are the parameters mainly related to the user occupancy, i.e. the interaction
between users and building technologies (e.g. windows opening, HVAC activation schedule, heating
set-point, etc.), and internal thermal loads;

- Envelope factors, i.e. those related to the building envelope, such as dimensions and properties of
building surfaces.

These data can be further distinguished in:

- Quantitative data (building characteristics);

- Qualitative data (user’s habits and customs).

Among all these parameters, those that may change during the baseline and those that are constant during
the baseline period but may change in the post-retrofit scenario (i.e. mainly weather data and occupancy-
related data) should be always accurately identified and quantified to obtain a reliable calibrated BEM and

to verify savings with an acceptable level of uncertainty.
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Concerning weather conditions, outside air temperature, humidity, solar radiation, and wind speed, and
direction should be measured over the same period the indoor measurements and the utility data are
measured (see Section 2.3).

Concerning occupancy-related data, all the operating schedules of each system affecting energy use data
should be defined, such as HVAC, lighting, and equipment operation, and windows opening. Also, the
nameplate and performance data of each system should be collected (see Section 2.5). Occupants’ presence
schedules should be also collected, including occupancy population levels or density, operating hours, etc
(see Section 2.5). Spot measurements of selected HVAC and other building system components, including
interior temperature and humidity data, airflow, electric utility data, can also be used to define internal
schedules (see Section 2.6).

Finally, utility data for space heating should be collected to allow the comparison between actual and
simulated building energy performance and then to evaluate the accuracy of the model (see Section 2.2).
Methods to be followed and suggestions according to the ASHRAE 14 and IPMVP Standards to collect some
of these data are briefly described in the following subsections. However, other methods can be followed
if justified. It should be noted that sensitivity analysis can be carried out with the developed BIMSPEED
Calibration tool before data collection (assuming a reasonable range of variation) to determine which
parameters are the most influencing on the model prediction (and thus requiring higher accuracy) and those

that do not affect model prediction (and thus that can be excluded from the data collection plan).

Baseline period

Data can be collected from the building during the baseline period, the post-retrofit period, or both. The
baseline period must include data across the full range of expected operating conditions, modes, and
independent variables. Typically, the baseline period is the period immediately before the retrofit and
should represent one or more complete operating cycles to minimize bias. For weather-dependent loads,
the baseline period should be a full year. If data cannot be obtained for a full cycle of operation, shorter
periods that are representative for each operating mode (e.g. one month in each season) may be acceptable
if the data collection interval is reduced (e.g. from monthly to hourly). In all cases, care must be taken to
ensure that the baseline period is representative of typical conditions and does not over- or

underemphasize specifi