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Executive Summary

This Deliverable 3.3 is the first release of the report that documents the development of
Renovation Digital Twin tool and scenarios definition in the RINNO project. T3.2 aiming to
develop the renovation Digital Twin Scenarios Definition that prepares the virtual
representation models of the buildings, defining and generating potential renovation

scenarios.

Within the RINNO project, VTT upgraded the existing VTT Digital Twin toolkit to be able to
provide the competency to support quick and easy building energy renovation scenarios
modelling. The advanced Digital Twin tool is quick and easy to use by non-expert and provide
reliable estimations for different energy renovation scenarios. The tool can be used to easily
test the effect of various renovation measures on a building's energy consumption. Digital Twin
toolkit enables also some more detailed data to be entered to the tool to provide more accurate

estimations of various renovation measures on a building's energy consumption.

VTT Digital Twin toolkit integration with RINNO platform is described in the Figure 1.

RINNO renovation Starting point: Collect building basic data e.g. from Results: energy consumption before and
products’ data building owners & optionally from BIM models .y afterrenovation, energy savings, etc.
Basic user - Expert user
Update Iea‘med”' Start learning
l Input building data & analyse f:;g;n;i?t;:eu' l process in
selected renovation actions background
Renovation tool GUI GUI for learning D
A [ Y A A
Existing backend Optional expert user
backend for digital twin
—— (v2.0)
Reno_vatlon Default_ vglues Weather data
actions for buildings
Learn building Digital Twin
‘ Fast HC solver API |+ — (DT) parameters by
I measurement data
Fast heating cooling solver (Fast HC solver) /R
\\_—_4—/
Building energy demand Ventilation Solar Hourly energy consumption
(EN ISO 13790 etc.) (EN 15241) radiation (& HVAC / loT) data

Figure 1: VTT Digital Twin tool in RINNO architecture
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Abbreviations List

API Application Programming Interface
BEMS Building Energy Management System
A digital twin is a virtual representation of a physical object or
Digital Twin
process.
DH/DC district heating/district cooling
DHW Domestic Hot Water
DT Digital Twin
GSA Gross Surface Area
GUI Graphical User Interface
HC heating/cooling
HVAC Heating, ventilation and air conditioning
IoT Internet Of Things
N/A not available
PV Photovoltaic
RE Renewable Energy
SB System Boundaries
The rate of transfer of heat through a structure, divided by the
Hrvalue difference in temperature across the structure.
WP Work Package
W/0 without
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1. Introduction

1.1 Purpose

The main purpose of Task 3.3 was to develop the Renovation Digital Twin that prepares the
virtual representation models of the buildings that can be used in generating potential energy
renovation scenarios. This was achieved by upgrading the existing VTT Digital Twin toolkit! to
work with RINNO products and demo sites by modifying and updating the tool to work in
different countries, different weather zones and with different local and product-related input

data.

1.2 Contributions and partners

VTT is the leader of Task 3.2 and responsible for the Deliverable 3.3. In this role, VTT has
upgraded the existing VTT Digital-Twin toolkit to be able to provide the competency to support
building energy and cost-efficient renovation scenarios modelling for RINNO project. VTT have
also participated widely many online meetings where renovation scenarios have been defined.

RINA-C has been part of defining renovation scenarios to be used in VTT Digital Twin toolkit.

1.3 Relations to other activities

The Digital Twin tool receives the basic buildings geometric information from T3.1 and the
specifications from the RINNO products developed within WP2. The outputs are 2-3 scenarios
that are then analyzed in detail by the tool of T3.3.

Task 3.2 is part of Work Package 3 (WP3). WP3 relations to other work packages are

presented in the Figure 2.

4 "\ status, i.e. Baseline
definition) N Optimized renovation
*KPIs (according to which

W P 1 the assessment is made) o sl > W P4

./
N WP3 *Theoretical/design data
*recommendation to users

W P 2 RINNO solutions < il W P5
deSIg_I'f da.ta + \ ), Feed-in monitored data
specifications

v

v

-/

! http://cic.vtt.filepass/vtt/step_1.php?lang=en&country=
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Figure 2: Overall illustration of WP3 relations to other WPs and Tasks, not describing individual products.

Purpose of the T3.1 is capturing building data and mapping of building information. T3.2
utilizes information gathered and created in the T3.1. T3.2 have direct relation to the task 3.3
and to the task 3.4 where this toolkit is utilized in scenario definition. In the RINNO renovation
process Digital Twin Assessment is made after task 1.5 where RINNO scenarios are created
and before task 3.3. which commits multi-criteria analysis. T3.2 relations to other tasks are

presented in the Figure 3.
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Figure 3: T3.2 relations to other Tasks and WPs.

10

phase




RINNO Project m H2020 m Grant Agreement #892071

m Topic: LC-SC3-EE-1-2018-2019-2020

2 Background of the VTT Digital Twin -toolkit

VTT Digital Twin -toolkit is a software tool to predict renovation actions’ energy savings for the
building by providing very little basic information. VTT provided existing VTT Digital Twin -
toolkit asset to be used part of the RINNO project. VTT Digital Twin -toolkit is extended during
the RINNO project in order to meet the needs of the RINNO project. The first version of the
VTT Digital Twin -toolkit (E-PASS software) was created in the NewBEE EU project and now
it is further developed in RINNO and Stardust EU projects Thus, the described work utilized

results of previous EU founded projects.

VTT’s expertise in the field of digital twin, energy renovations, holistic energy-performance
assessment and indoor environment of buildings has been implemented in several European
projects, such as STARDUST?, MEEFS3, MODER* and DESIGN4ENERGY?®, as well as
development of strategic research agendas of ECTP and E2Bc. VTT has a wide experience
in crossing various domains into multidisciplinary innovation processes. VTT is member of the
IBPSA (International Building Performance Simulation Association). In addition, VTT has a
representative within EIP SCC in the high-level group and in the Sherpa group. VTT developed
the current roadmap for Smart Cities within CIB and contributes to the UN New Urban Agenda.
Nationally, VTT has been a representative on the Climate change panel, which advises the
Finnish Parliament regarding sustainable cities, energy, and transport systems. In addition,
VTT supports Finnish legislation in urban planning, energy certificates, biofuels, and the
definition of building codes, among other areas.

2.1 Status of the tool prior to RINNO (M1)

E-PASS, the tool RINNO digital tool is based on, is an assessment tool for energy efficiency
improvements. The E-PASS tool developed by VTT is an easy-to-use tool for assessing the
profitability of renovation measures. The tool is mainly targeted to residential buildings, but
there are also alternatives for office building renovation solutions. The user's work has been
facilitated as much as possible to make the assessment of the current condition of the building

straightforward. It is sufficient for the user to know the key quantities of a few building

2 https://stardustproject.eu/

3 https://cordis.europa.eu/project/id/285411
4 https://cordis.europa.eu/project/id/680447
5 http://www.design4energy.eu/
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parameters (extent, type of building, age, etc.), after which the energy estimate of the building
can be calculated before repairs. Typical renovation actions are pre-listed for the user, after
which the key performance indicators (kwWh / m2, kgCO2 / m2, energy costs, payback periods)
of the renovation action or actions can be seen. The E-PASS is meant for rough building-level
energy assessments between the reference and the planned renovation actions. E-PASS was
created to provide preliminary estimation about the energy flows in Figure 4 below. When
using the E-PASS, detailed planning as well as component and system sizing are assumed to
be done with other tools. RINNO tool is developed from E-PASS tool and covers some sizing
aspects too.

|

ON SITE RENEWABLE

I
|
I Re
ENERGY W/O FUELS i
| i
l L] 5 g
. gl £ £ DELIVERED
l / = 3| & : | ENErRGY
| - > Oy da e | ONSITE
e Electricity
m *
: — a'nsf/ USE District heat
1
ool E—— ENERGY NEED b District cooling _
I 1 |Neeps  Heating energy | BUILDING fe Fuels
I TECHNICAL able and
| teat Cooling | (Sooling energy | SYSTEMS e
I g-—’ .| Ventilation | Electricity for E s EXPORTED
I 4 qu“h“uu'ng lighting and production | S:E:,?g
| Internal heat {:> Appliances 15 Electricity for | Electricity
gains/loads . System losses 1 ' >
I Energy need SB  ~PPiances MMT | Heatingen.
| ‘ Cooling en, >
I Energy use SB |

b s i T Tk e B i D

Building site boundary = system boundary of delivered and exported energy on site

Figure 4: E-PASS was created to provide rough estimation about these energy flows. Figure from (Kurnitski,
2013).

Most of the input data, that the calculation needs, is located in a knowledge database, from
where it is collected during the first assessment. These intelligent assumptions and the
knowledge database were customized and fine-tuned for the selected European countries.
The user has to know only few parameters of the building in the first phase of assessment;
the complex simulation model is made with the help of default values stored in the
databases. The tool makes assumptions for the refurbished building. Assumptions are based
on the basic data of the building (location, building type etc.). The E-PASS fetches all

12
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necessary details (the U-values, window-types, water consumptions, electricity
consumptions, electric appliances etc.) from the database. The building and system details
can be specified afterwards as needed.

The easy-to-use-principle is as follows:
e Only few input data needed
e Results are available in few seconds
¢ When assessing the change because of different refurbishment measures, the basic

data can be changed rather easily.

In the starting point the required initial information is as follows:
Building type

e Weather zone

e Construction year

o Room temperature (Heating set point and Cooling set point)

e Heating type

e Cooling type

e Building volume

e Floor height

e Number of floors

o Dimensions

e Number of occupants

e Number of apartments.

To assess the saving potential data about structures, windows, ventilation, hot water,

electricity use, and heating type has to be handled.

VTT Digital Twin toolkit original version E-PASS can be found from this URL-address:
http://cic.vtt.filepass/vit/step_1.php?lang=en&country=

2.2 Advancements achieved in RINNO by M24

VTT upgraded the existing Digital Twin -toolkit to be able to provide the competency to support
quick and easy building energy renovation scenarios modelling. The advanced Digital Twin-
tool enables quick and easy building energy renovation scenarios modelling. The advanced

Digital Twin -tool quick and easy to use by non-expert and provide reliable estimations for

13
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different renovation scenarios. The tool can be used to easily test the effect of various

renovation measures on a building's energy consumption. Digital Twin -toolkit enables also
more detailed data to be entered to the tool to provide more accurate estimations of various

renovation measures on a building's energy consumption.

A bit similar simplified energy analysis tool was used for analyzing energy renovation
scenarios in (Paiho et al., 2015c, 2013) utilizing the common approach for selecting renovation
scenarios (Figure 5). Similarly, the E-pass-based tool is able to assess energy savings of
different energy renovation scenarios compared to the current level of the building to be
renovated. It is not meant for system level analyses. However, such simplified analyses can
be used even in scientific analyses and can form the basis of wider analyses for a certain
renovation process, i.e., (Paiho et al., 2015a, 2015b, 2014).

User needs Technologies and Renovation scenarios

solutions

N ™\ ~N
* Improved comfort o Structures (U- » Minfmum.level
* Energy savings values) (mandatory to fix
* Cost savings * Ventilation detected building
* Emission reductions « Air-tightness problems)
* Etc. « Heating and hot * Improved level
water systems (covering major

improvement in

* Electrical appliances erry effidency)
and lighting gy Y
« Water supp! * Deep level
i (including full
systems i
improvement
potential)
e A b

Figure 5: A common approach of defining energy renovation scenarios.

The E-pass tool was substantially modified and upscaled for RINNO. The new
modifications/calculations included:
e Adding support and connectivity to Rinno renovation process toolkit
e Adding support for climate data in different geographic climates
e Adding support and connectivity to Rinno demo building solutions and technologies
e Estimated annual mechanical air flow change from original mechanical air flow before
renovation
e Estimated annual infiltration air flow change from original infiltration air flow before
renovation

e The U-value and total window area change from original U-value and total window area

14
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e Total estimated windows area after replacement of windows

e The U-value changes of walls after renovations and estimation of RINNO project
participants K-FLEX and EKOLAB insulation thickness if used in the renovation

e Base floor U-value change estimation after renovation and estimation of RINNO project
participant K-FLEX insulation thickness if used in the renovation

e The U-value change of upper floor after renovations and estimation of RINNO project
participants K-FLEX and EKOLAB insulation thickness if used in the renovation

o Efficiency estimation of heat recovery for ventilation system after renovation

e Solar collector estimation of efficiency, system loss and area targets estimations after
renovation

e Main space heating estimation of delivered energy demand after renovation

e Domestic hot water estimation of delivered heating energy after renovation

e Air-to-air heat pump estimation of delivered heating energy after renovation

e Local production and solar radiation estimation of PV panels after renovation

15
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3 VTT Digital Twin -toolkit implementation to the RINNO
project

3.1 Original development plan

Figure 6 shows the original planned implementation of the VTT Digital Twin. The main idea
was to utilize hourly data from the demonstration buildings (such as energy data, indoor
environment measurements, control and monitoring data, etc.) and local weather data for
producing a machine learning based digital twin of each building. Another model would have
been made for building-level energy renovation actions. Combining these two models would
have resulted as the rough energy saving assessments in the building scale. Since no hourly
data was available from the RINNO demonstration buildings, this plan could not be realized.

However, if such data is available later, the tool can be modified.

Source information Digital Twin Results

Building

PR ——— G Installed refurbishmen measures energy
« BEMS data ana cost -Sa?::fj tI(;tt:: bullding are
* Weather data il ‘
’ ———— S —
2, : g g gy g

-~
- - - . - . - . .
- = . - - - - . -
- = -

- » .

Bullding energy g —
* Basic information | efficiency renovation) | PSS S

-model

Figure 6: The original plan of VTT Digital Tool for RINNO.
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3.2 Realized implementation of VTT Digital Twin -toolkit to the RINNO platform
New plan to implement VTT Digital Twin -toolkit to the RINNO platform is described in the

Figure 7.
RINNO renovation Starting point. Collect building basic data e.g. from Results: energy consumption before and
products’ data building owners & optionally from BIM models w after renovation, energy savings, etc.

v

Basic user Expert user

Update Iearned"”"‘ ‘
o parametets via Startlearning
Input building data & analyse rencvation tool GUI processin
selected renovation actions background

L
Renovation tool GUI GUI for learning D
3 7} 7} 3
Existing backend Optional expert user
backend for digital twin

(v2.0)
Weather data
_____/

Renovation
actions

Default values
for buildings

Learn building Digital Twin
Fast HC solver APl |+ (DT) parameters by
1 measurement data
Fast heating cooling solver (Fast HC solver) /—R
\______——________/
Building energy demand Ventilation Solar Hourly energy consumption
(EN ISO 13790 etc.) (EN 15241) radiation (& HVAC / 1oT) data

Figure 7: Architecture of the VTTs Digital Twin toolkit

With the new plan there was a need to implement new software version from previously
created VTT Digital Twin toolkit to be used in RINNO platform.

3.2.1 Server installation for new version of VTT Digital Twin toolkit

VTT Digital Twin toolkit implementation to the server started by installing new server where
we could start implement new version from VTT Digital Twin toolkit. Server installation

included operating system installations, fixing proper user rights and firewall adjustments.

3.2.2 Infrastructure installation for use of VTT Digital Twin toolkit
After server installation proper JAVA and web infrastructure were installed to the server. After

that VTT Digital Twin toolkit software was installed in the server.
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3.2.3 Adapting VTT Digital Twin toolkit to local weather conditions
VTT Digital Twin toolkit needed to adapt for local weather conditions.

e Solar radiation from local weather stations were collected from every demo site of the
RINNO project. The key information of the collected data sets were: timestamp,
Global Horizontal Radiation [Wh / m"2], Direct normal Radiation [Wh / m”~2], Diffuse
Horizontal Radiation [Wh / m”2]

e Conversion to the weather data were made manually for each demo location weather
data to get them in TM2 format, so that they could be utilized in the VTT Digital Twin
toolkit.

e After conversion to the TM2 format, the necessary timestamp, Global Horizontal
Radiation [Wh / m”2], Direct normal Radiation [Wh / m”2], Diffuse Horizontal
Radiation [Wh / m"2] radiation data were entered into the VTT Digital Twin toolkit

software

3.2.4 Local database for RINNO demo case building information.
Local database was implemented for different RINNO demo buildings input values for the use
of VTT Digital Twin toolkit tool.

3.2.5 Baseline fine-tuning

Calculated baseline for each demo buildings were fine-tuned with RINNO partners.

3.2.6 Creating new software core to the VTT Digital Twin toolkit

Current E-PASS application has a basic renovation-options template made for the Finnish
environment. Since some RINNO needs go partly beyond the purpose and functionality that
the original E-PASS application can provide, modifying the renovation template of the

RINNO tool to match the products of the RINNO project was surprisingly time consuming.

Every scenario has a set of renovation options. Every renovation option had to be
implemented to the VTT Digital Twin toolkit. VTT Digital Twin toolkit core had to be totally
renewed to be able to create new set of renovation options template to the VTT Digital Twin
toolkit.
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RINNO

3.2.7 Detailed information to the results page
VTT Digital Twin software had to be modified to be able to calculate detailed information about
renovation results:
e Estimated annual mechanical air flow change from original mechanical air flow before
renovation
e Estimated annual infiltration air flow change from original infiltration air flow before
renovation
e The U-value and total window area change from original U-value and total window area
e Total estimated windows are after replacement of windows
e The U-value changes of walls after renovations and estimation of RINNO project
participants K-FLEX and EKOLAB insulation thickness if used in the renovation
e Base floor U-value change estimation after renovation and estimation of RINNO project
participant K-FLEX insulation thickness if used in the renovation
e The U-value change of upper floor after renovations and estimation of RINNO project
participants K-FLEX and EKOLAB insulation thickness if used in the renovation
e Efficiency estimation of heat recovery for ventilation system after renovation
e Solar collector estimation of efficiency, system loss and area targets estimations after
renovation
e Main space heating estimation of delivered energy demand after renovation
e Domestic hot water estimation of delivered heating energy after renovation
e Air-to-air heat pump estimation of delivered heating energy after renovation

e Local production, area and solar radiation estimation of PV panels after renovation
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4 RINNO project demo buildings

4.1 Greek demo building

The pilot building is a flat block of 4 floors and 2 flats per floor of 75 m?, with a concrete frame
structure and hollow brick infill, built in 1970 in the context of a large social housing complex.
It was built without any measures to reduce energy consumption, neither for heating nor for
cooling, it has a shell with low thermal resistance and low inertia, thus inadequate to guarantee
the necessary thermal phase shifting and attenuation during the summer season. The
windows are provided with aluminum frames, without thermal break, and single glazing, while
the external shutters are sliding blinds or rolling shutters, which do not allow the light to be
adjusted according to the sunlight at different times of the day. More detailed information about
the building in Table 1.

Table 1: Detailed information about the Greek building

Renovation Demo Site #1: Multi-family dwelling, GREECE

Pilot Location Greece / Attica / Moschato-Tavros Municipality / Piraeus

Str.

Building General Multifamily building,4 floors, 2x75 m? apartments per
Info floor, 8 owners Part of a big social housing complex //
Construction year: 1970 Conventional concrete and brick
construction, no insulation, aluminium frames in
windows with single glazing, oil used for heating // No

BIM available

Gross Surface Area | 560 m?

(GSA):

Pilot Renovation 560 m?

Area (PRA)

Purpose / Scope of | Deep Energy Renovation of the whole building
Renovation: according to the Passive House Premium standard. After

completion the building will be certified as the first
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Renovation Demo Site #1: Multi-family dwelling, GREECE

EnerPHit Premium in SE Europe.

OVERVIEW OF ENERGY SUB-SYSTEMS/TECH

RES Systems: Already installed: Solar panels for DHW in some
apartments. Included in renovation planning: a) Heat
pumps (mainly mini split units) for heating/cooling, b)
Solar panels for DHW and heating, c) PV's on top and on
walls for the production of electricity, d) PV glazing in

windows.

Electricity Storage: | Already installed: N/A. Included in renovation planning:
Virtual net metering and storing the electricity produced
in the public network. The owners will create an energy
community and use the additional produced electricity

for common uses.

Heat / Cool Already installed: N/A. Included in renovation planning:

Storage: Heat pumps.

Hybrid Systems: Already installed: N/A. Included in renovation planning:
N/A

Novel Solutions for | Already installed: N/A. Included in renovation planning:
Ventilation: Ventilation systems with heat recovery and enthalpy, low
noise, with smart censors for CO2, humidity and

temperature, air-flow control.

Insulation Already installed: N/A. Included in renovation planning:
Materials for the Exterior Insulation and Finish Systems (EIFS) with
Building Envelope: | sustainable materials, calculated according to passive

house standard.

Glazing: Already installed: Single and some double glazing.

Included in renovation planning: Triple glazing Low-e
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Renovation Demo Site #1: Multi-family dwelling, GREECE

with high g-Value and additional shading system.

DH/DC Network:

Already installed: N/A. Included in renovation planning:
Net metering, Installation of PV and new solar panels on

the roof and on the south west external walls

Electro-mobility:

Already installed: N/A. Included in renovation planning:

Charge stations for electric cars.

Parameters of the building

Basic information:

Building Year: 1951-1960
Cooling set point | 26

(°C):

Heating set point | 20

°O:

Space heating

type:

Old direct electricity, space heating

Heating type

auxiliary:

Pellet stove, auxiliary

Space cooling

Electric chiller or split unit

type:

Household Household electricity system
electricity type:

Conditioned floor | 704

area (m?):

Number of floors: | 4

Floor height (m): 2,85

Number of 14

residents (-):
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Renovation Demo Site #1: Multi-family dwelling, GREECE

Window information

area of the floor

area

Window type Single
Windows U-value | 4,85
(W/m? k)

Share of window 0,35
area to south

Share of window 0,35

Building envelope properties

ventilation system

Area (m?) U-value (W/m?3K)
Outside walls 560 2,4
Roof 176 3,85
Floor 176 4,2
Ventilation and infiltration
Mechanical

n50 Pa (1/h)

Air change (1/h) 2
Heat recovery 0
efficiency (-)

Leakage air value |2

User profiles and internal gains

Occupants (W/m?) | 2
Appliances (W/m?) | 2,4
Lighting (W/m?) 3

Hot water system
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Renovation Demo Site #1: Multi-family dwelling, GREECE

Total water 150
consumption

(I/person,day)

Share of hot water | 0,312
(-)
Hot water 11,4

circulation pipe

losses (kWh/m?,a)

Hot water 45

temperature (°C)

Cold water 18

temperature (°C)

Hot water heating | Old direct electricity, hot water heating

type main

Hot water heating | No auxiliary hot water heating system

type auxiliary

Multi-family Building in Moschato-Tavros in Athens presented in Figure 8.
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Figure 8: Greek demo building: Multi-family Building in Moschato-Tavros, Athens

4.2  French demo building

The French demonstrator is a 5-storey multi-family building (4 floors plus the ground floor)
built in 1976, subdivided into 6 small flats (less than 40 sgqm) per floor, each one with a single
large window on the east or west side. The flats are accessed via a corridor running along the
central axis of the building. The north and south fronts are completely blind. The heating
system is centralized with heat generation provided by a natural gas boiler located in the boiler
room. Concerning the envelope, both the walls and the roof are characterized by a low level

of insulation. More detailed information about the building in Table 2.

Table 2: Detailed information about the French building

Renovation Demo Site #2: Multi-family dwelling, FRANCE

Pilot Location Clichy sous-bois - 74-78 chemin des Postes - FRANCE
Building General 30 flats multi-owner residential building with 5 floors
Info Considered extremely inefficient due to its poorly

insulation and outdated heating systems (Rated Class F)

Roof area is around 400m?. blind facade area is 300 m?
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Renovation Demo Site #2: Multi-family dwelling, FRANCE

and facades with opening of a total surface of 1,359 m?

Construction date: 1970 // No BIM available.

Gross Surface Area | 2,000m?
(GSA):
Pilot Renovation 2,000m?

Area (PRA)

Purpose / Scope of

Renovation:

The users’ association representative decided to
renovate this building in order to reduce the energy bill

and to valorise the asset.

ov

ERVIEW OF ENERGY SUB-SYSTEMS/TECH

RES Systems:

Already installed: N/A. Included in renovation planning:
A PV system will be installed on the roof, serving the
objective of 12 kWh/m?/y as per thermal French

regulation for RE production on site.

Electricity Storage:

Already installed: N/A. Included in renovation planning:

N/A.

Heat / Cool

Storage:

Already installed: N/A. Included in renovation planning:
A hot water tank will be installed in the heat production
room to offset the peak demand and lower the

maximum capacity of the HP.

Hybrid Systems:

Already installed: N/A. Included in renovation planning:
A heat pump will be installed in place of the centralized

boiler.

Novel Solutions for

Ventilation:

Already installed: Centralized extraction fans installed in
kitchen and bathrooms. Fresh air inlet is integrated in
the facade. Included in renovation planning: New

centralized extraction fan with heat recovery devices will
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Renovation Demo Site #2: Multi-family dwelling, FRANCE

be installed.

Insulation
Materials for the

Building Envelope:

Already installed: N/A. Included in renovation planning:
Foam for the roof and glass wool for external walls with

cladding as finishes will be used.

Glazing:

Already installed: Single-glazed. Included in renovation

planning: Double glazed with a low e-coating.

DH/DC Network:

Already installed: N/A. Included in renovation planning:

N/A.

Electro-mobility:

Already installed: N/A. Included in renovation planning:

Installation of cabling infrastructure.

Parameters of the building

Basic information:

Building Year: 1971-1980
Cooling set point | -

(°C):

Heating set point | 19

°O:

Space heating

type:

Old gas boiler, space heating

Heating type

auxiliary:

No auxiliary space heating system

Space cooling

type:

No mechanical cooling

Household

electricity type:

Household electricity system

Conditioned floor

area (m?):
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Renovation Demo Site #2: Multi-family dwelling, FRANCE

Number of floors: |5

Floor height (m): 3

Number of 32

residents (-):

Window information

Window type Double

Windows U-value |2

(W/m? k)

Share of window 0

area to south

Share of window 0,157

area of the floor

area
Buliding envelope properties
Area (m?) U-value (W/m3K)
Outside walls 1000 2
Roof 310 0,31
Floor 310 0,29
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Figure 9: France demo building: Sarrazins Building in Lille

4.3 Polish demo building

The Polish demonstrator is a detached building of traditional load-bearing masonry, built in
1949, with three floors above ground and a semi-basement level on the north side. It is 12
meters high and consists of 5 flats accessible through a central unheated staircase. More

detailed information about the building in Table 3.

Table 3: Detailed information about the Polish building

Renovation Demo Site #3: Multi-family dwelling, Poland

Pilot Location Poland / Masovia Voivodship / Rajszew. Storczykowa Str.
10

Building General Building consists of 5 flats, 2 floors and a cellar // Owned

Info and managed by Commune Jablonna //

Residents are rather poor people, some of them retired,
some jobless, one person unable to work due to weak
health condition Each dwelling is equipped with coal

fired stove, there is no walls insulation (brick walls) //
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Renovation Demo Site #3: Multi-family dwelling, Poland

Construction year: 1949 No BIM available.

Gross Surface Area | 346 m?
(GSA):
Pilot Renovation 346 m?

Area (PRA)

Purpose / Scope of

Renovation:

Improve thermal comfort and reduce energy use/costs.
Complex modernization of the building envelope,
ventilation system as well as the heating system is

foreseen.

ov

ERVIEW OF ENERGY SUB-SYSTEMS/TECH

RES Systems:

Already installed: N/A. Included in renovation planning:
Installation of 25 kWp PV panels to cover the electricity

demand of common areas and partially drive the heat

pump.

Electricity Storage:

Already installed: N/A. Included in renovation planning:

N/A.

Heat / Cool

Storage:

Already installed: DHW storage. Not Included in

renovation planning. Part of solar collector system.

Hybrid Systems:

Already installed: N/A. Included in renovation planning:

N/A.

Novel Solutions for

Ventilation:

Already installed: N/A. Included in renovation planning:

Hybrid ventilation.

Insulation
Materials for the

Building Envelope:

Already installed: N/A (U=1.3 W/ m?K). Included in
renovation planning: Thermal insulation from recycled

materials (0.15 W/ m?K).

Glazing:

Already installed: Double glazing (U=3.5 W/ m?K).

Included in renovation planning: Double glazing (U=0.9

30




RINNO Project m H2020 m Grant Agreement #892071
m Topic: LC-SC3-EE-1-2018-2019-2020

Renovation Demo Site #3: Multi-family dwelling, Poland

W/ m?K).

DH/DC Network: Already installed: N/A. Included in renovation planning:
N/A.

Electro-mobility: Already installed: N/A. Included in renovation planning:

N/A.

Parameters of the building

Basic information:

Building Year: 1941-1950

Cooling set point | -

(°O):

Heating set point | 20
(°O):

Space heating New gas boiler, space heating

type:

Heating type No auxiliary space heating system

auxiliary:

Space cooling No mechanical cooling

type:

Household Commercial electricity system

electricity type:

Conditioned floor | 257,8

area (m?):

Number of floors: |3

Floor height (m): 2,80

Number of 12

residents (-):

Window information
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Renovation Demo Site #3: Multi-family dwelling, Poland

Window type Double

Windows U-value 1,7

(W/m? k)

Share of window 0,150

area to south

Share of window 0,157

area of the floor

area
Building envelope properties
Area (m?) U-value (W/m?3K)

Outside walls 450,3 0,95

Roof 247,1 0,72

Floor 201,5 1,20

Ventilation and infiltration
Mechanical The building has only natural ventilation system (gravity

ventilation system | ventilation)

Air change (1/h) 0,5

Heat recovery -

efficiency (-)

Leakage air value | 3,0

n50 Pa (1/h)

User profiles and internal gains

Occupants (W/m?) | 2,11

Appliances (W/m?) | 5,59

Lighting (W/m?) 2,67

Hot water system

Total water 90
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Renovation Demo Site #3: Multi-family dwelling, Poland

consumption

(I/person, day)

Share of hot water | 0,4
(-)

Hot water -

circulation pipe

losses (kWh/m?,a)

Hot water 55

temperature (°C)

Cold water 10

temperature (°C)

Hot water heating | New gas boiler, hot water heating

type main

Hot water heating | No auxiliary hot water heating system

type auxiliary

Figure 10: Poland demo building: Masovia Voivodship in Rajszew
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RINNO

5 Calculating baselines for demo buildings

First, baselines were defined for demo cases. Energy consumption of each demo case were set
out to define the RINNO project baseline energy consumption of each demo case building.
The default data were adjusted in VTTs Digital Twin toolkit to match the demo site values.
Greek demo case was used as an example in this deliverable to show how we defined baselines
for all RINNO demo case building. First, the basic information was entered from the Greek
demo case building to VTTs Digital Twin toolkit by using VTT Digital Twin tool user interface.
User interface of the VTT Digital Twin toolkit is shown in Figure 11 below. This is how the first

digital Twin estimation model was formed from a Greek building.

Users need to fill the name of the building and then choose from a drop-down list the country
information, building type information and weather data information. After the user have
entered these information VTTs Digital Twin toolkit fills the remaining information: cooling set
point, heating set point, space heating type, space cooling type, conditioned floor area,
number of floors, floor height and number of residents. Optionally the user can also change
these values if needed.

The values entered, as well as the estimation results are shown in Figure 12.
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RINNO

Mame of the assessed building

Greek scenariol Flease add some free text to describe the building to be assessed.
Country

GR - Select the country from the dropdown list.
Building type

APARTMEMNTBUILDIMNG W Select the building type of the building to be assessed.
Rinno case

Rinno_demo_case ~ Select Rinne case to be assessed from the dropdown list.
Weather data

Greek_ATHIMAI_HELLINEIKOM_v02.tm2 ~ Select the weather data to be uzed in the assessment

Cooling set point (°C)
el Please add the cooling set point of the building to be assessed. Typical values range from 23 °C o 27 °C
Heating set point (*C)
20 Please add the heating st point of the building to be assessed. Typical values range from 18 °C to 22 °C.
Space heating type
0ld direct electricity, space heating w Select the space heating system type of your building.
Space cooling type
Old electric chiller or split unit w Select the space cooling system type of your bullding.
Conditioned floor area (m*)
o4 Please add the conditioned floor area of your buildings.
Number of floors
4 Please add the number of floars in your building.
Floor height (m)
2.85 Please add the average floor height of the building. The value i measured from floor to floor.

Number of residents (-)
14 Please add the number of occupants in the building.

Mext step

Figure 11: Greek demo case basic information in VTT Digital Twin toolkit
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Please check the first estimate of your building energy consumption before refurbishment measures. If you want te check detailed input data of your building, please press
the edit button below and make the changes, if needed.

Name of the assessed building Greek_scenariol Country GR
Weather data Greek ATHINAL HELLINKIKON w02.tm2 Building type APARTMENTBUILDING
Construction year Rinno_demo_case Conditioned floor area (m?) TO4
Heating

Energy 116822 kWwhya 166 kWh/m?,a

-space 100465 kWh/a 143 kWh/m?,a

-hot water 16357 kWh/a 23 kwh/m*,a

Peak load B9 kW 99 Wym?*

CO2-Emissions 29 t/a 41kgim*a

Cooling

Energy 18217 kWh/a 26 kwh/m*,a

Peak load 25 kW 35 Wim?®

COZ-Emissions Gtfa 9 kg/m*,a

Electricity

Energy 10729 kWwh/a 15 kWh/m*,a

Peak load 1.2 kw 2Wim?

COZ-Emissions 4tfa 5 kg/m*,a

Water consumption

Hot water consumption 238 mija 0.3 m¥m?,a

Edit more details Mext Step

Figure 12: Calculated first estimation model of Greek demo building by using VTTs Digital Twin toolkit.

After that more detailed information about the Greek demo building was entered to get a more
accurate Digital twin of the Greek demo. This detailed information was obtained through

collaboration with other partners as well as utilized the initial data and information obtained
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from the demo leaders.

RINNO

We entered the following values into the VTT Digital twin Toolkit:

Building name
Building type: Apartment Building
Building year: 1951-1960
Cooling set point: 26 °C
Heating set point: 20 °C
Space heating type: VTT Digital twin toolkit have been modelled a set of space heating
types. The closest modelled space heating type was chosen for Greek demo building.
The closest heating type was ‘Old direct electricity, space heating’.
Heating type auxiliary: Pellet stove, auxiliary
Space cooling type: Electric chiller or split unit
Household electricity type: Household electricity system
Conditioned floor area: 704 m?
Number of floors: 4
Floor height: 2,85 m
Number of residents: 14
Window type: Single
Window U-value: 4.,5 W/mz2, k
Share of window area to south: 0,35
Share of window area of the floor area: 0,35
Outside walls: 560 m?
Roof: 176 m?
Floor: 176 m?
Air change: 2 1/h
Heat recovery efficiency: 0
Leakage air value: 8 n50 Pa (1/h)
Occupants: 2 W/m?
Appliances. Used 60% of commonly used Finnish values here, because it seemed the
best estimation for the demo building: 2,4 W/m?2
Lighting: Used 60% of commonly used values here, because it seemed the best
estimation for the demo building: 3 W/m?2
Commonly used total water consumption in Finland is 150 I/person, day. And share of
hot water from whole water consumption is 31% in Finland. Hot water consumption
estimation is 0,312 x 150 l/person/day = 46,8 |/person/day in our model.
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e Total water consumption: 150 l/person, day

e Share of hot water: 0,312

e Hot water circulation pipe losses: 11,4 kWh/ m2, a

e Hot water temperature: 45 °C

e Cold water temperature: 18 °C

e Hot water heating type main: Old direct electricity, hot water heating

e Hot water heating type auxiliary: No auxiliary hot water heating system

Entered values are presented in the following Table 4.

Table 4: Input values for VTT Digital twin toolkit from demo leaders.

Parameters of the building

Basic information:

Building name: Multifamily Building Moschato-Tavros
Address: Karaiskaki Str. 1 , GR-17778 Moschato

RINNO demo site name: MOSCHATO - TAVROS (GREECE)

Building type: Apartment Building

Building Year: 1951-1960

Cooling set point (°C): 26
Heating set point (°C): 20
Space heating type: Old direct electricity, space heating

Heating type auxiliary: Pellet stove, auxiliary

Space cooling type: Electric chiller or split unit

Household electricity type: Household electricity system

Conditioned floor area (m?): 704
Number of floors: 4
Floor height (m): 2,85
Number of residents (-): 14

Window information

Window type Single
Windows U-value (W/m?k) 4,85
Share of window area to south 0,35
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Share of window area of the floor area 0,35

Building envelope properties Area (m?)
Outside walls 560
Roof 176
Floor 176

Ventilation and infiltration

Mechanical ventilation system

Air change (1/h) 2
Heat recovery efficiency (-) 0
Leakage air value n50 Pa (1/h) 8

User profiles and internal gains

Occupants (W/m?) 2
Appliances (W/m?) 2,4
Lighting (W/m?) 3

Hot water system

Total water consumption (I/person, day) 150
Share of hot water (-) 0,312
Hot water circulation pipe losses (kWh/m?,a) 11,4
Hot water temperature (°C) 45
Cold water temperature (°C) 18
Hot water heating type main Old direct electricity, hot water heating

Hot water heating type auxiliary No auxiliary hot water heating system

By entering these more detailed values, VTT Digital Twin toolkit was able to build a more
accurate Digital Twin model of the Greek demo building. These values were inputted to VTTs

Digital Twin toolkit user interface, which are shown in Figure 13 - Figure 14 - Figure 15.
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Please find the parameters of your building before refurbishment measures. If you want to check detailed input data of your building, please make the changes, if needed.
Make the changes and then press save details.

Parameters of the building Building envelope properties
Mame of the
i Area (m® U-val K]
assessed building Greek_scenario1 () value (W/n?K)
Outside
Countr GR
¥ walls(don't 3616 2.4
change}
Weather data Greek_ATHIMAI_ Roof{don't
176 3.85
changa)
Building type APARTMENTBUIL Floor{don't - 4r
changa) ’
Construction year Rinno_demo_cas
Heating set point
g set poin -0
Lige]
Cooling set point
ing set poin %
o]
LA TEl Old direct electricity, space heating w
Heating type
auxiliary Pellet stove, auxiliary ~
Loolne s Old electric chiller or split unit w
Househaold
electricity type Household electricity system ~
Conditioned floor 204
area (m?)
Number of floors 4
Floor height (m) 2.85
Number of 14
residents
LIS SINGLE -
Windows U-value 485
(W/m*K) :
Share of windaw 0.35
area to south ’

Figure 13: (1/3) Greek demo case detailed information in VTTs Digital Twin toolkit
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area to south

Share of window

area of the floor 0.35
area

Windows

Orientation Area [m?)
South 86.24
West 55.44
North 49,28
East 55.44
Ventilation and infiltration

Mechanical ventilation system

Air change (1/h)

Heat recovery efficiency (-}

Schedule

Warkdays

Saturday

Sunday

Air tightness of the building

Leakage air value n50 Pa (1/h}

User profiles and internal gains

Oecupants (W/m)

Schedule

Workdays

Saturday

Sunday

U-value (Wi K) g-value (-} Curtain factor (-]
+.85 0.7 0.7
4.85 0.7 0.7
4.85 0.7 0.7
4.85 0.7 0.7
2
0
Begin End On factor
() (2] 1
v (24 ] 1
(0 v (22 ) 1
2
2
Begin End On factor
@ (22 ] 0.
(0 v] (24 +) 0.5
[0~ (23 ~] 0.6

Frame factor [-)

Horisontal shading

(degrees)
0.1 15
0.1 15
0.1 15
0.1 15
Other time factor
a
]
0
Other time factor
0
0
4]

Figure 14: (2/3) Greek demo case detailed information in VTTs Digital Twin toolkit
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Appliances (W/m?) 2.4

Schedule Begin End On factor Other time factor
Workdays 0 ~] (24 v] 0.6 o

Saturday [0 v (24 v] 0.8 o

sunday @~ (24 ~] 0.6 0

Lighting (W/m?) 3

Schedule Begin End On factor Other time factor
Workdays [0~ (22 V) 01 0

Saturday o ~] (23 ~| 01 0

Sunday o v (22 ~) 0.1 0

Hot water system

Total water consum ption (|/person,day)

150

Share of hot water (-} 0.312
Hot water circulation pipe losses (kiWh/m® a) 11.4
Hot water temperature (°C) 45
Cold water temperature (°C) 13

Hoclatenhetingtypemaln Old direct electricity, hot water heating  +

Hot water heating type-aradliary Mo auxiliary hot water heating system — «

Save details

Figure 15: (3/3) Greek demo case detailed information in VTTs Digital Twin toolkit

First the indicative digital twin from Greek demo case building was created, by entering few
basic information variables into digital twin tool about the target building. Then more detailed
parameters of the building were entered in the VTTs Digital Twin toolkit, which enabled us to
create a more accurate Digital Twin from the Greek demo case building. This more detailed

digital twin from Greek demo case building is shown in the following figure.

Later, when the different scenarios are completed, the impact of the energy consumption
and RES production for different renovation options on the Greek demo case, can be

assessed.
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Please check the first estimate of your building energy consumption before refurbishment measures. If you want to check detailed input data of your building, please press
the edit button below and make the changes, if needed.

Name of the assessed building Greek_scenariol Country GR
Weather data Greek ATHINAI_HELLINKIKON w02.tm2 Building type APARTMENTBUILDING
Construction year Rinno_demo_case Conditioned floor area (m?) TO4
Heating

Energy 116822 kwhja 166 kWh/m?* a

-space 100465 kWh/a 143 kWh/m?a

-hot waber 16357 kwh/a 23 kWh/m?,a

Peak load 63 kW 99 W/m?

CO2-Emissions 29¢t/a 41 kg/ma

Cooling

Energy 18217 kwh/a 26 KWh/m?,a

Peak load 25 kw 35 W/m?

CO2-Emissions Gtfa 9kg/m?,a

Electricity

Energy 10729 kwh/a 15 kwh/m? a

Peak load 1.2 kW 2 Wjm?

CO2-Emissions 4tfa Skg/m?,a

Water consumption

Hot water consumption 238 mija 0.3m*m*a

Edit more details

Figure 16: Baseline for scenarios definition after inputted detailed information.
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6 Scenario definition methodology

Overall methodology for assessing the Greek Demo case renovation steps in RINNO project

through the tools of the RINNO Planning and Design Assistant were:

Preliminary evaluation and scenario definition by using VTT Digital Twin toolkit:

The qualitative scenarios provided by RINA-C were quantified with the use of the
Digital Twin toolkit. Different combinations of the existing renovation techniques were
simulated. Determination of the most appropriate scenarios (2-3 scenarios).
Preliminary assessment of the energy performance of these scenarios will be
conducted from CERTH and HPHI and the two most promising scenarios will be
selected for detailed analysis.

Simulation with INTEMA.building (detailed energy analysis):

The two most appropriate renovation scenarios are examined with INTEMA.building in
detail to determine their energy performance and evaluate the achievement of the
energy savings and power production target goals set in the GA.

Simulation with VERIFY platform:

The selected scenarios will also be examined with the VERIFY platform to determine
the environmental and cost performance of the scenarios expressed through
appropriate KPlIs.

Simulation with the TEA tool:

The selected scenarios will also be examined to determine additional KPIs such as

used disturbance and waste production.

First step in the process in renovation steps is described in this deliverable D3.3.

The use of the VTTs digital twin toolkit in the overall workflow of the renovation process in the

RINNO project is described in the Figure 17, whereby the use of the VTTs digital Twin toolkit

is marked with red square.
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RINA-C
Determination of qualitative
scenarios for renovation

e m = = = = = — —
CERTH

VIT Detailed energy investigation

initlal evaluation and delivery of these scenarios with
of 4 specific quantitative INTEMA . building tool

scenarios

'

CERTH & HPHI
Selection of the best 2 —
scenarios for detailed analysis

CERTH
Selection of optimum

:—P renovation scenario and
1
1
1
]
1
1
1
-

optimum workflow (Optimiser
and Planner tool)

RINA
Estimation of user disturbance
and waste production (TEA
tool)

Figure 17. Use of the VTTs digital twin toolkit in red square

Initially, the plan was to utilize the RINNO scenarios defined in Task 1.3 (RINNO project,
2021). However, those scenarios did not fully take into account the needs and limitations of
the actual demo buildings. Therefore, the considered scenarios were defined in one-to-one

telcos with each demo sites.
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RINNO

7 Results after scenario renovations to the baseline

Next, we present the calculation process of different renovation scenarios using VTTs digital
Twin tool. Previously, we calculated the first overall estimation for the Greek demo site utilizing
VTTs digital Twin toolkit tool, as well as a more detailed baseline assessment of the site by
entering more detailed information from the demo site. Afterwards estimations were
calculated, which indicates how much energy consumption changes in all RINNO demo
building in different scenarios. Each scenario includes renovation measures being done to the
building and aim is to calculate how the renovation options, which are included in the different
scenarios, will affect the demo site. The used scenarios are described more in detail in the
following section 7.1.

7.1 Scenarios for demo buildings

This section presents different scenarios of all demo buildings.

7.1.1 Scenarios for Greek demo building

In this paragraph three Greek scenarios are presented. Energy saving potential of these three
scenarios were calculated with VTT Digital Twin toolkit. The aim was to find the most potential
energy saving scenario. Afterwards the most potential energy saving scenario will be
calculated more accurately, by using more accurate tools later in the RINNO project. The three

Greek scenarios and interventions of scenarios are presented in Figure 18.
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Greek demo

MNumber
of

Rinno technology  If Yes, which RINNO RINNO

Intervention scenarios  Intervention Where the intervention is done |VTT comments
(Yes/Mo) tech tech per
each
Scenario
Bio-based double
Walls external insulz layer panels (K- WHERE? Which facade? ALL Ok
YES FLEX)
some thermochromic or BIPY
. glasses TED? Where? Mo, just
Windows replacemer conventional doubleftriple pane Mot selected, we use
MO window and Uf<1W/m2K thermocromic for all windows.
RUUI CRLETIdl
insulation
combined with Bio-based double
eravel layer to layer panels (K-
EEI_d_L‘l_cEic_'l_ar YES FLEX) 0Ok, but no reduse to absorpt
Installation of PV
panels on the Roof  NO Ok, target 100%
Installation of
Scenario 1 thermochromic Thermochramic N WHERE? Which facade? South T rEl TS
glasses to reduce glass west wall
solar absorption YES [GREENSTRUCT)
. integrated ) .
Installation of BIPY . WHERE? Which facade? South 0Ok, description in results
photovoltaic glass
glasses YES (GREENSTRUCT) east wall page for south wall.
Aagdurng gensrauun
system substitution:
Air-Water Heat
pumps for heating,
Ec_b?ldi.ng a_rl_d DHW NO 0Ok, but cooling is air-to-air
Heating emission
system substitution:
mini split units NO Ok, AUX air-to-air
domestic hot
Buffer hot water .
water solution
storage YES {PINK) No

South and West

fagade: Ventilated
facade system +

Blown Insulation NO
Morth and East

fagade: Ventilated
facade system +

Blown Insulation MO

Windows replacemer

NO

47

ME: ventilated facade (classical)
in place of the ZAPPA facade - is

it ok @HPHI? EIFS SYSTEM

ME: ventilated facade (classical)
in place of the ZAPPA facade - is

it ok ? EIFS SYSTEM

some thermochromic or BIPY
glasses TBD? Where? Mo, just
conventional doubletriple pane
window and Uf<1W/m2K

0Ok, but normal insulation

Ok, but normali insulation

Mot selected, we use
thermocromic for all windows.
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Installation of
thermochromic

Thermochromic

WHERE? Which facade? South

glasses to reduce glass west wall
solar absorption YES (GREENSTRUCT) 0k, for all windows.
Scenario 2 Installation of BIPY ?n“t'elg::fe . WHERE? Which facade? South Ok, description in results page
glasses R east wall for south wall.
YES photovoltaic glass
Ventilated Roof
External insulation
combined with
gravel layer to
reduce solar MO 0Ok, but no reduse to absorpth
Heat pump for
heating, cooling and
DHW production
(Centralized NO 0k, ground souvce heat pump
Heating emission
system substitution:
mini split units NO 0Ok, AUX air-to-air
IMETLdl SLUradges die
required both for
the DHW and
cooling and heating NO No
Bio-based double
Walls external insulg layer panels (K- Is it external or internal
YES FLEX) insulation? External Ok
Is it a separate intervention
from the previous insulation? IF
Elimination/reducti YES PLEASE SPECIFY This
on of thermal internvention concerns the
bridges insulation of balconies,
overhangs and parapets with
NO Scm insulation No
. Bio-based double
Insulation of the
basement ceiling = EEE
YES FLEX) 0K, base floor insulation
Improvement of e c -
airtightniess of the Whlc.h |ntervent||:.nn will be done
o specifically for this? Can we
envelope (this will r g S
b tested ot the end |nf:lude this in 1:_he substl]:utmn of
with a blower door wmduws'.:‘ The ma'vemuuns ares
test, according to L. Plastering, 2. Uss_: of specific
the bassive House ;Ia_:;?ml in ;:J::'Z‘:::E i
criteria n50<1,0 ACH) NO installation ok
Use of cool paints
and vapor retard
plastering NO Mo
i03 (former 5C4) Windows Replacement with Frl_ple— Mot selectedl, We use .
replacement NO |glazed low-e aluminiumfpvc |thermocromic for all windows.

Installation of BIFV
glasses in each
floor of the west YES

Building
integrated
photovoltaic glass

WHERE? Which facade? South
east wall

0Ok, target 100%

Installation of
thermochromic
glasses to reduce
solar absorption YES

Thermochromic
glass
[GREENSTRUCT)

WHERE? Which facade? South
west wall

0k, for all windows.

Installation of solar
collectors for hot

OK, AUX target 60%

water production NO WHERE? Roof
Installation of pv

panels for electricity

production NO WHERE? Roof

0Ok, target 100%

Centralized Air-
water Heat pump

Some specifications TO BE
AGREED WITH CERTH FOR THE

for heating and NO CORRECT SIMULATION 0Ok
Heating emission Some specifications TO BE
system substitution: AGREED WITH CERTH FOR THE
mini split units NO CORRECT SIMULATION Ok
Decentralized

Mechanical Some specifications TO BE
Ventilation with AGREED WITH CERTH FOR THE
heat recovery (1 unit CORRECT SIMULATION IT IS

per apartment) YES ALREADY SIMULATED BY CERTH | Ok
Buffer storage NO No

Figure 18. Scenarios for the Greek demo building
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7.1.2 Scenarios for Polish demo building

In this paragraph three Polish scenarios are presented. Energy saving potential of these three
scenarios were calculated with VTT Digital Twin toolkit. The aim was to find the most potential
energy saving scenario. Afterwards the most potential energy saving scenario will be
calculated more accurately, by using more accurate tools later in the RINNO project. The three
Polish scenarios and interventions of scenarios are presented in the Figure 19.

Polish DEMO
THUmT
ber
of
RIN
I ) ) Int - Ri h If Yes. which NO C Q Additional information
ntervention scenarios ntenention inno techi pINND tech tech e for energy simulations
per
eac
h
o VTT comments
insulation of the ceiling
. Bio-based double above the basement
Basement ceiling YES :?EE;?EHE'S (k- {area of sbout 60 m,
- g
U= 025 Wme) Ok
Estimated area =
Eut Lo allinculai NO _ ETICS Preferred insulation material
Hernalwallinsulation U,..=0.20 wimeE [2.q. EPS, rockw ool ete)
Thickness= Ok
inzulation of attics
_ ) Isocel _CE"L’”OSE above flatz 1, 3.4 and 5| Estimated area =
Roof insulation YES Inzulation i F about 120 m
(EKOLAB] area of abaou : m".
) U,.e= 0,15 Wimik] oK
SCE"'E.‘”O_-I i Biobasedpipes DOH' pipes insulation
The objective consists of fufiting | insultation + K- P ; ;
rminimum ener)
the mini ay Pipes insulation YES (2] BOX [both by K- 4 |onlylinstallation of Eztimated length pf pipes
MONCE requirEmEnts ¥ solar collectors]
perfor equirements for FLEX) s
‘buildings in Polond - e
Flats wmdoufs substiution + U = 0,30 W@k (far where?, U-valus, g-values?
basement window s MO - A il
cubstitution heated rooms) Frame partian [if possible] ? Ok
: “w'hich Kind of zolar collector
Inztallation of salar ND _ Erergy coverage for i lective flat lat
collectors on the roof OH' at lezst 05 € g selective lat prate
collectar], Area(mz] Ok
De-centralized The cooperation of the
Or-w all hot w ater starage VES damestic hat storage tank by PIMNE. | Dietails for the storage tank
tanks water salution with solar collectars IValume, insulation)
[PIME) and gas boiler. MO
LED lighting ir the
Replacement of lighting in staircasze, bazement
MO
COMMon areas and entrance MO, very litde
[eubernal) effect
inzulation of the ceiling
5 i Fiio—basedld[c;:lble zbove the basement A
asement c=iing ES :EE;?EHE ¢ [area of about 60 m?,
U= 0L25 Wim®k)
Estimated area =
Eut e all insulati ND _ ETICS Preterred insulation material
riemalwalinsfaten U, o = 0.20%Hm®K [2.a. EPS. rackw ool eto)
Thickness = Ok
inzulation of attics
. ) lsacel lCellulee aboveflat=1, 3, 4 and S| Ectimated area =
Roaf insulation YES Inzulation z
[EKOLAE) [area of about 120m*,
Uy = 0,15 WImCK) Ok
Bio-baszed pipes DH' pipes insulation
Scenario 2 Pipesinsulation YES () insultation + K- only (installation of Estimated length pf pipes
The DEJECTIVE consists of B0 bath by k- solar zallectars] Ok
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Figure 19:. Scenarios for the Polish demo building

7.1.3 Scenarios for French demo building

fulfiling the minimum energy Flats window s substitution + 2
- 7, U - ?
performance requirements for | basement windan s NO _ U= 0,90 'w'!m"K (far where?, Ll _ualu{e, g ujalues [
buildings in Poland ubstitution heated raams) Frame portion (if possible]? O
. ‘which Kind of salar collectar
Installation of solar O _ Energy coverage far (2., selective flat plate
collectors on the roaf OH' at least 403, g F
callector), Area (mz) Ok
De-centralized The cooperation of the
Or-w all hot w ater storage VES domestic hot storage tank by PINE. [ Dietails for the starage tank
tarks water salution with solar callectors [Malume, insulation]
[PIME] and gas bailer.
~NO
LED lightirg ir the
Replacement of lighting in NO staircase, basement
COMMman areas and entrance
enternal na
Zappa PV Facade The PV installation
E“telflné:l ;?“s de - salutions should cover the
fren ! a-e acace YES [EKOLAE] + Bio- needs of comman where —which fagade? Area
insulation + PY (south
i del bazed dauble parts [atleast 3 k'p of
acade layer panels (K- P Ok
) insulation of the ceiling
N Bio-based double above the basement
Bazement ceiling wES ::-TE;TanEls k- {area of shout B0 me, Ok
o= 0.25 wlim?K)
Estimated area=
. . ETICS Prefered insulation material
Buternalu sl insulstion e U, = 0,15 Wim'K [e.g. EFS. rockwool enc) bk
Thickness =
insulation of attics
) ] lSOCE"_CE"L‘lOSE above flats 1. 3. 4 and 5| Eoyimated area =
Foof insulation Y'ES Insulation 2 Ok
[EKOLAE) [area of about 120 m®,
U paw= 0,15 'wiim®K)
Seenario 3 Bio-based pipes OH pipes insulation
The OBIECTIVE consists of Pipes insulation YES (2] insultation + K- anly (installation of Estimated length pf pipes Ok
BOX (both by k- solar caollectors)
the ener;
Juliting . o Flats windaw s substitution + 2
performance requirements for hsement window = O _ U= 0,90 'w'!m"K (far where?, U-value, g-values? O
buildings in Poland (as in scenario = heated rooms) Frame partion [if possible]?
2 but with additionalinsulation of |ZuBSttion
3 . ‘which Kind of salar collectar
external walls, U=0,15 W/m'¥] |Installation of zolar Energy coverage for .
MO - . [e.q. selective flat platz Ok
collectors on the roof OH'w at least 05,
callectar], Area (mE)
De-centralized The cooperation of the
Or-w all hot w ater storage VES domestic hot storage tank by PINE. [ Dietails for the starage tank
tarks water salution with solar callectors [Malume, insulation]
[PINE) and gas boiler. ]
LEDO Tighting in the
Replacement of lighting in O staircase, basement
COMMAan areas and entrance
[extemnall NO
Zappa Py Facate The PV installation
hauld th
External walks ventisted facade solutions [EXDLAE] + Eno e mover e .
N N ES - rieeds of comman where - which fagade’ frea Ok
inzulation + PV [south facade) Bio-bazed double
la ke - FLEX parts [atleast 3 k'ip of
yer panels (K-FLEX) Pyl

In this paragraph three French scenarios are presented. Energy saving potential of these three
scenarios were calculated with VTT Digital Twin toolkit. The aim was to find the most potential
energy saving scenario. Afterwards the most potential energy saving scenario will be
calculated more accurately, by using more accurate tools later in the RINNO project. The three

French scenarios and interventions of scenarios are presented in Figure 20.

50



RINNO Project m H2020 m Grant Agreement #892071

m Topic: LC-SC3-EE-1-2018-2019-2020

French Demo

r of
| ) < Int " hnol . If Yes, which F“""[? I q Additional information for WTT
:ervention scenari  Intervention  no technology [Yes RINMNO tech tec omments energy simulations coOmments
per
each
Eztimated area =
Insulation of Walls NO Inzulation material (e.g. EPS, rockwaoal Ok
[esterior side) etc] for thermal conductivity [wmk)
Thickness =
Vindows where? Double o triple? Desired -
| ' MO value, g-values? Frame partion and Ok
repracemsn preferred material (if possible]?
Bio-based pipes . . . .
Pipes insulation YES (21 insultation + K- Estlmatet.:l length of pipes, ||_15u|at|on Ok
EOX (both by K- thickness and material
Scenario 1 oy 2 ok i
S
: - . P - o
he.atlng generat.lon Ol Itis natural gas” Eic.uler efficiency? effisiency 0,92 f Old
with a condensing Capacity?
bl space and hot water
ofer heating
Een.trallzed doubl Diztails far the starage tank [Valume,
coilheat storage MO ; . ! Mo
. insulation thickneszz)
Solar collectars ‘which Kind of zolar collectar (2.9
installed on the raof MO selective flat plate collector), Area Ok, we uzed 6022 targe
[m]
Eztimated area =
Imsulation of Walls WO Inzulation material (2.9, EPS, rockwasl e
[emterior side] etc] for thermal conductivity [='mk]
Thickness =
ind where? Double ar triple? Desired L=
lln o ' MO value, g-values? Frame partion and Ok
fEplacemen preferred material (if possible]?
L LS B s
Fipes insulation YES[2] ég;liz:‘?:;y":_ Estimated length pf pipes Ok
ol
lsocell Cellulose Estimated area =
Roof insulatian YES inzulation Target U-value = m]'s
[EKOLAE) Targzt thicknzss [mm)
Substition of It iz 2r Air ko Air beat pump P Whatis
Scenario 2 heating generation [} ] the efficiency [COF 'EER] ¥ Capacity ()3
with a Heat Pump [kwd] 7
Substinution of
emission system NOl Mo, theze are heat
with radiant flaor distribution
parels
Centralized single .
Iheat st MO Details for the starage tank Waolume, Mo, these are heat
o T::k oraas inzulation thicknzzz) diztribution
Centralized Flavw rate per apanment [=.g. 100
entraction with heat MO m3n'l'?] . [m]3
T Heat recovery effectivness (e.g. T2
4 [if poszible)
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Area (M), slope 7], nominal efficiency

P panels inztalled
an the roof MO or ket Ok. target 502
Estimated area=
Insulation of Walls No Inzulation material[2.g. EPS, rackw ool Ok, we choze better -
[exterior side) ete] for thermal conductivity [wimk] walue
Thickness =
Internalinsulation of Estimated area =
wals [for the single VES K-flex double layer  Insulation material[=.q. EF'S rockw ool Ok
i panels ete] for thermal conductivity atmk]
unit of the dema) X
Thickness =
Windaw s where? Double or triple ™ Desired L-
renlacement MO walue, g-values? Frame portion and Ol
P prefered material [if possible]?
Eic-bazed pipes
E=ti dl h of pi insulati
Pipes insulation YESIZ) inzultation + K- s“mattiic:lf:fsts :nzf;st:?lrl?:lu =tion Ok
B (bath by k-
lzocell Cellulose Estimated area=
Roof insulation YES insulation Target U-value = Ok
Scenaro 3 [EKCLAE) Target thickness [mm]
Micralent
bier af unit tment [2,4.67 e
Inwentilate micra- VES sustainable PUMaEr it per_apar merit [ ! Ok, we uzed0.72 - isit
wentilation unit \entilation system varmet Flow rate = oo low?
[EKOLAE) |
Substitution of Dk.' ve }‘se el
heating generation et -l eme
i 99 N MO Itis natural gas? Bailer efficiency? efficiency 0.92 ! Old
with 3 condenzing
; space and hat w ater
bailer .
heating
C lized doubl
en.tla zac coubie Details for the storage tank [Molume,  Ma, these are heat
coil heat storage NO . . X X b o
J— insulation thicknes s, materiall distribution
‘w'hich Kind of solar collector [e.g.
Solar collectors selective flat plate caollectar], Area
. NO [mZ] Ok, target G022
installed on the roof
Arz theze zolar collectors far hot
water?

Figure 20: Scenarios for the French demo building

7.2 Results for the Greek scenarios
This section shows the results for the different Greek scenarios. A summary of the core

results is given in the end of this section.

7.2.1 Greek scenario 1

Estimated energy consumption savings for Greek scenario 1. are compared to other

scenarios in paragraph 7.2.4 Comparison between Greek scenarios.

Estimated results for Greek scenario 1 energy consumption estimation results with a list of

installed renovation options are presented in Figure 21.

Installed refurbishment measures and additional information for Greek scenario 1:

e Replacement of windows with improved thermal performance (U-value) — The U-value

has changed from 4,85 to 0,25 [W/ m?,K]. Total estimated window area is 247,0 m?.

e Replacement of windows with a new type (G-value). Window glazing has changed from

SINGLE to THERMOCROMIC_GLASS. Total estimated window area is 247,0 m2.

e Insulation of outside walls. U-value changed from 2,4 to 0,25 [W/m?K]. VTT Digital Twin
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tool also calculated thickness values for the K-FLEX and EKOLAB products, if these
products would be used to do this refurbishment measure.

e Main space heating, air to water heat pump. Annual delivered main space heating
energy is 8,0 % from the original. Local production is 57,0% from the demand of
11605,0 kWh.

e DHW Air to water heat pump. Annual delivered domestic hot water heating energy is
64,0% from the original. Local production is 34,0% from the demand of 15540,0 kWh.
Auxiliar hot water heating demand is 0 kWh.

e Air-to-air heat pump as an auxiliar space heating system. Annual delivered auxiliar
space heating energy is 46,0% from the original. Local production is 67,0% from the
demand of 46415,0 kWh. Main space heating demand is 11604,0 kWh.

e New cooling device. Annual delivered space cooling energy is 7,0 % from the original.
Local production is 81,0% from the demand of 5826,0 kWh.

e Installation of PV panels, production target 100%. Estimated areas for PV panels.

o PV roof panels (efficiency: 19,0%, system loss: 14,0%, direct: south, slope: local
latitude). Estimated annual solar radiation is 2046,0 kWh/m?. Area needed to
reach the target is around 33,0 m2.

o PV wall panels (efficiency:14,0%, system loss: 14,0%, direct: south, slope: 90
degree). Estimated annual solar radiation is 1274,0 kWh/m?. Are needed to

reach the target is around 70,0 m2.
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Dane!

Please find the results of the applied refurbishment measures. The impact is listed by sub-system type and summarized as an impact on the aperational costs and CO2-

emissions.

Space heating Hot water Appliance electricity Space cooling

Delivered/Local Delivered Deliverad Lecal_prod. Deliverad Delivered Local_prod. Delivered Delivered Lecal_prod. Deliverad Delivered Local_prod.
production kWh/a kWh/m2,a kWh/a kWh/a kWh/m2,a kWh/a kWwh/a kWh/m2.a kwh/a kWh/a kWh/m2,a kWh/a
Before 100465 143 0 16357 23 0 10729 15 0 18217 26 18217
After 20516 29 37501 10353 15 5180 0 i 10729 1165 2 4560
Savings 79543 114 5398 8 10729 15 17052 24

BE. Replacement of windows with improved thermal performance (U-value) -- The U-value has changed from 4.85 to 0.25 [W/m2,K]. Total estimated window area is
247.0 m*.

B11. Replacement of windows with a new type [G-value) - Window glazing has changed from SINGLE to THERMOCHROMIC _GLASS. Total estimated window areais
247.0mt

CZ. Insulation of outside walls -- U-value changed from 2.4 to 0.25 [W/m2,K].
* K-FLEX [3=0.025 W/mK] insulation thickness needed is around 30.0 mm.
* EKOLAB (A=0.03T W/mK) insulation thickness needed is around 133.0 mm.

E2. Improving heat insulation of the upper floor -- U-value changed from 3.85 to 0.16 [W/mZ2,K].
* K-FLEX [A=0.025 W/mK] insulation thickness needed is around 150.0 mm.
* EKOLAB (3=0.037 W/mkK] insulation thickness needed is around 222.0 mm.

8. Main space heating, air to water heat pump -- Annual delivered main space heating energy is 8.0 % from the original. Local production is 57.0 % from the demand of
11604.0 kWh. Auxiliary space heating demand is 46415.0 kWh.

MB. DHW Air to water heat pump — Annual delivered domestic hot water heating energy is 64.0 % fram the original. Local production is 34.0 % from the demand of
15540.0 kWh. Auxiliary hot water heating demand is 0.0 kWh.

K5, Air-to-air heat pump as an auxiliary space heating system -- Annual delivered auxiliary space heating energy is 46.0 % from the original. Local production is 67.0%
from the demand of 46415.0 kWh. Main space heating demand is 11604.0 kWh.

L2. New canling device -- Annual delivered space cooling energy is 7.0 % from the original. Local production is 81.0 4% from the demand of 5826.0 kwh.

M8, Installation of pv panels, production target 100% -- Estimated areas for PV panels.

= PV roof panels (efficiency: 19.0 % , system loss:14.0%, directed: south, slope: local latitude). Estimated annual solar radiation is 2046.0 kWh/m2. Area needed to reach
the target is around 33.0 m®.

= PV wall panels (efficiency: 14.0 % , system loss:14.0%, directed: south, slope: 30 degrees). Estimated annual solar radiation is 1274.0 kWh/m2. Area needed to reach
the target is around 70.0 m*.

Figure 21: Greek scenario 1 energy consumption estimation results and installed renovation options.

7.2.2 Greek scenario 2
Estimated energy consumption savings for Greek scenario 2. are compared to other

scenarios in paragraph 7.2.4 Comparison between Greek scenarios.

Estimated results for Greek scenario 2 energy consumption estimation results with a list of

installed renovation options are presented in the Figure 22.

Installed refurbishment measures and additional information for Greek scenario 2:

e Replacement of windows with improved thermal performance (U-value) — The U-
value has changed from 4,85 to 0,25 [W/m?K]. Total estimated window area is 247,0
m>.

e Replacement of windows with a new type (G-value). Window glazing has changed
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RINNO
from SINGLE to THERMOCROMIC_GLASS. Total estimated window area is 247,0 m?.

e Improving heat insulation of upper floor. U-value changed from 3,85 to 0,16 [W/m?K]
VTT Digital Twin tool also calculated thickness values for the K-FLEX and EKOLAB
products, if these products would be used to do this refurbishment measure.

e Main space heating, ground source heat pump. Annual delivered main space heating
energy is 6,0 % from the original. Local production is 70,0% from the demand of
11604,0 kWh.

e DHW: Ground source heat pump. Annual delivered domestic hot water heating
energy is 42,0% from the original. Local production is 57,0% from the demand of
15540,0 kWh. Auxiliar hot water heating demand is 0 kWh. Values are coming from
improved system efficiency.

e Air-to-air heat pump as an auxiliar space heating system. Annual delivered auxiliar
space heating energy is 46,0% from the original. Local production is 67,0% from the
demand of 46415,0 kWh. Main space heating demand is 11604,0 kWh.

e New cooling device. Annual delivered space cooling energy is 7,0 % from the original.
Local production is 81,0% from the demand of 5826,0 kWh.

e Installation of PV panels, production target 100%. Estimated areas for PV panels.

o PV roof panels (efficiency: 19,0%, system loss: 14,0%, direct: south, slope: local
latitude). Estimated annual solar radiation is 2046,0 kWh/m?. Area needed to
reach the target is around 33,0 m2.

o PV wall panels (efficiency:14,0%, system loss: 14,0%, direct: south, slope: 90
degree). Estimated annual solar radiation is 1274,0 kWh/m?2. Are needed to

reach the target is around 70,0 m?.

55



RINNO Project m H2020 m Grant Agreement #892071

m Topic: LC-SC3-EE-1-2018-2019-2020

Done!
Please find the results of the applied refurbishment measures. The impact is listed by sub-system type and summarized as an impact on the operational costs and C02-
emissions.

Space heating Hot water Appliance electricity Space cooling
Delivered/Local Delivered Delivered Local_prod. Delivered  Delivered Local_prod. Delivered Delivered Local_prod. Delivered  Delivered Local_prod.
production kwh/a kwWhfmz,a kWhja kwh/a kwh/m2,a kwhfa kWhja kwh/mz,a kwh/a kwhfa kWh/m2,a kWwh/a
Before 100465 143 0 16357 23 ] 10729 15 0 18217 26 18217
After 18988 27 33030 6756 10 8783 0 0 10729 1165 2 4660
Savings 81477 116 9601 13 10729 15 17052 24

B8. Replacement of windows with improved thermal performance {U-value) -- The U-value has changed from 4.85 to 0.25 [W/m2,K]. Total estimated window area is
247.0 M.

B11. Replacement of windows with a new type [G-value) - Window glazing has changed from SINGLE to THERMOCHROMIC_GLASS. Total estimated window area is
247.0 m?

C2. Insulation of outside walls -- U-value changed from 2.4 to 0.25 [W/m2,K].
* K-FLEX [A=0.025 W/mK} insulation thickness needed is around 50.0 mm.
* EKOLAB (A=0.037 W/mK) insulation thickness needed is around 133.0 mm.

E2. Improving heat insulation of the upper floor -- U-value changed from 3.85 to 0.16 [W/m2 K].
= K-FLEX (A=0.025 W/mkK} insulation thickness needed is around 150.0 mm.
* EKOLAB (A=0.037 W/mK) insulation thickness needed is around 222.0 mm.

J5. Main space heating, ground source heat pump - Annual delivered main space heating energy is 6.0 % from the criginal. Local preduction is 70.0 % from the
demand of 11604.0 kWh. Auxiliary space heating demand is 46415.0 kWh.

M5. DHW Ground source heat pump -- Annual delivered domestic hot water heating energy is 42.0 % from the original. Local production is 57.0 % from the demand of
15540.0 kWh. Auxiliary hot water heating demand is 0.0 kWh.

[K5. Air-to-air heat pump as an auxiliary space heating system -- Annual delivered auxiliary space heating energy is 46.0 % from the original. Local production is 67.0%
from the demand of 46415.0 kWh_Main space heating demand is 11604.0 kWh.

L2. New cooling device -- Annual delivered space cooling energy is 7.0 % from the eriginal. Local production is 81.0 % from the demand of 5826.0 kWh.

ME. Installation of pv panels, production target 100% -- Estimated areas for FV panels.

* P¥ roof panels (efficiency: 19.0 % , system loss:14.0%, directed: south, slope: local latitude). Estimated annual solar radiation is 2046.0 kWh/m2. Area needed to reach
the target is around 33.0 m®,

* PV wall panels {efficiency: 14.0 % , system loss:14.0%, directed: south, slope: 90 degrees). Estimated annual solar radiation is 1274.0 kWh/m2. Area needed to reach
the target is around 70.0 m?,

Figure 22: Greek scenario 2 energy consumption estimation results and installed renovation options.

7.2.3 Greek scenario 3
Estimated energy consumption savings for Greek scenario 3. are compared to other scenarios

in paragraph 7.2.4 Comparison between Greek scenarios.

Estimated results for Greek scenario 3 energy consumption estimation results with a list of

installed renovation options are presented in the Figure 23.

Installed refurbishment measures and additional information for Greek scenario 3:
¢ Installing new ventilation system. Estimated annual mechanical air flow is 23,0% from
original.
e Sealing the envelope. Estimated annual infiltration air flow is 21,0% from original.

e Replacement of windows with improved thermal performance (U-value) — The U-value
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has changed from 4,85 to 0,25 [W/m?K]. Total estimated window area is 247,0 m®.

e Replacement of windows with a new type (G-value). Window glazing has changed from
SINGLE to THERMOCROMIC_GLASS. Total estimated window area is 247,0 m?.

e Insulation of outside walls. U-value changed from 2,4 to 0,25 [W/m? K]

VTT Digital Twin tool also calculated thickness values for the K-FLEX and EKOLAB
products, if these products would be used to do this refurbishment measure.

e Improving heat insulation of upper floor. U-value changed from 3,85 to 0,16 [W/m?K]
VTT Digital Twin tool also calculated thickness values for the K-FLEX and EKOLAB
products, if these products would be used to do this refurbishment measure.

e Heat recovery for ventilation system. Efficiency has changed from 0,0 to 0,89.

e Solar collector as an auxiliary hot water system, share target 60%. Estimated annual
solar radiation is 2046,0 kWh/m?. Solar collector (efficiency: 38,0 %, system loss:14,0%,
direct: south, slope: local latitude) needed to reach the target is around 10,0 m. Total
annual solar radiation is estimated from the local weather data estimation and from
the target of generating 60% with solar collectors.

e Main space heating, air to water heat pump. Annual delivered main space heating
energy is 1,0 % from the original. Local production is 57,0% from the demand of 18,0
kWh.

e DHW Air to water heat pump. Annual delivered domestic hot water heating energy is
26,0% from the original. Local production is 34,0% from the demand of 6216,0 kWh.
Auxiliar hot water heating demand is 9324 kWh.

e Air-to-air heat pump as an auxiliar space heating system. Annual delivered auxiliar
space heating energy is 1,0% from the original. Local production is 34,0% from the
demand of 6216 kWh. Main space heating demand is 9324,0 kWh.

¢ New cooling device. Annual delivered space cooling energy is 37,0 % from the original.
Local production is 81,0% from the demand of 32828,0 kWh.

e Installation of PV panels, production target 100%. Estimated areas for PV panels.

o PV roof panels (efficiency: 19,0%, system loss: 14,0%, direct: south, slope: local
latitude). Estimated annual solar radiation is 2046,0 kWh/m?. Area needed to
reach the target is around 33,0 m°.

o PV wall panels (efficiency:14,0%, system loss: 14,0%, direct: south, slope: 90
degree). Estimated annual solar radiation is 1274,0 kWh/m?®. Are needed to
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reach the target is around 70,0 m?.

Done!

Please find the results of the applied refurbishment measures. The impact is listed by sub-system type and summarized as an impact on the operational costs and CO2-

emissions.

Space heating Hot water Appliance electricity Space cooling

Delivered/Local Delivered Deliverad Local_prod. Deliverad Delivered Local_prod. Delivered Deliverad Local_prod. Delivered Delivered Local_prod.
production kwha kwh/mz,a kwh/a kwh/a KWh/mz,a kWwh/a kwhfa kwh/mz,a kwh/a kwh/a kwh/mz,a kwh/a
Before 100465 143 0 16357 23 0 10729 15 ] 18217 26 18217
After 31 0 57 4144 [ 11395 [1} a 10729 6566 9 26262
Savings 100434 143 12213 7 10729 15 11651 7

A2 Installing new ventilation system — Estimated annual mechanical air flow is 23.0 % from original.

A5, Sealing the envelope -- Estimated annual Infilatration air flow is 21.0 % from original.
B8. Replacement of windows with improved thermal performance {U-value) -- The U-value has changed from 4.85 to 0.25 [W/mZ2,K]. Total estimated window area is
247.0 m*.

B11. Replacement of windows with a new type (G-value) - Window glazing has changed from SINGLE to THERMOCHROMIC_GLASS. Total estimated window area is
247.0 m*.

C2. Insulation of outside walls -- U-value changed from 2.4 to 0.25 [W/mZ2,K].
* K-FLEX [(A=0.025 W/mK) insulation thickness needed is around 90.0 mm.
* EKOLAB {A=0.037 W/mK) insulation thickness needed is around 133.0 mm.

D2. Adding layers of insulation material on top of the base floor — U-value changed from 4.2 to 0.83 [W/m2,K].
* K-FLEX [(A=0.025 W/mK) insulation thickness needed is around 25.0 mm.

E2. Improving heat insulation of the upper floor -- U-value changed from 3.85 to 0.16 [W/mZ,K].
* K-FLEX [=0.025 W/mK] insulation thickness needed is around 150.0 mm.
* EKOLAB (h=0.037 W/mK) insulation thickness needed is around 222.0 mm.

G2. Heat recovery for ventilation system -- Efficiency has changed from 0.0 to 0.89.
H5. Solar collector as an auxiliary hot water system, share target 50% - Estimated annual solar radiation is 2046.0 kWh/m2. Solar collector (efficiency: 38.0 % , system
loss:14.0%, directed: south, slope: local latitude) needed to reach the target is around 10.0 m?

J8. Main space heating, air to water heat pump -- Annual delivered main space heating energy is 1.0% from the original. Local production is 57.0 % from the demand of
1B.0 kwh. Auxiliary space heating demand is 71.0 kWh.

MB. DHW Air to water heat pump - Annual delivered domestic hot water heating energy is 26.0 % from the original. Local production is 34.0 % from the demand of
6216.0 kiWh. Auxiliary hot water heating demand is 9324.0 kWh.

K5. Air-to-air heat pump as an auxiliary space heating system -- Annual delivered auxiliary space heating energy is 1.0% from the original. Local production is 67.0 %
from the demand of 71.0 kWh. Main space heating demand is 18.0 kWh.

L2 New cooling device -- Annual delivered space cocling energy s 37.0 % from the original. Local preduction is B1.0 % from the demand of 32828.0 kWwh.

NE. Installation of pv panels, production target 100% -- Estimated areas for PV panels.

* PV roof panels (efficiency: 19.0% , system loss:14.0%, directed: south, slope: local latitude). Estimated annual selar radiation is 2046.0 kWh/m2. Area needed to reach
the target is around 33.0 m*.

* PV wall panels [efficiency: 14.0% , system loss:14.0%, directed: south, slope: 30 degrees). Estimated annual solar radiation is 1274.0 kWh/m2. Area needed to reach
the target is around 70.0 m*.

Figure 23: Greek scenario 3 energy consumption estimation results and installed renovation options.

7.2.4 Comparison between Greek scenarios
All three Greek scenarios main results are collected to on table 5. Comparison shows clearly

that calculated estimation is that scenario 3 is saving energy most of the tree scenarios.

Table 5: Three Greek scenarios main results

Space heating

Scenario 1 Scenario 2 Scenario 3

Delivered Local Delivered Local Delivered Local

58



m Topic: LC-SC3-EE-1-2018-2019-2020

RINNO Project m H2020 m Grant Agreement #89207 1

kWh/a production | kWh/a production | kWh/a production
Before 100465 0 100465 0 100465 0
After 20516 37501 18988 39030 31 57
Savings 79949 81477 100434
Hot water
Scenario 1 Scenario 2 Scenario 3
Delivered | Local Delivered Local Delivered Local
kWh/a production | kWh/a production | kWh/a production
Before 16357 0 16357 0 16357 0
After 10359 5180 6756 8783 4144 11395
Savings 5998 9601 12213
Appliance electricity
Scenario 1 Scenario 2 Scenario 3
Delivered | Local Delivered Local Delivered Local
kWh/a production | kWh/a production | kWh/a production
Before 10729 0 10729 0 10729 0
After 0 10729 0 10729 0 10729
Savings 10729 10729 10729
Space cooling
Scenario 1 Scenario 2 Scenario 3
Delivered | Local Delivered Local Delivered Local
kWh/a production | kWh/a production | kWh/a production
Before 18217 18217 18217 18271 18217 18217
After 1165 4660 1165 4660 6566 26262
Savings 17052 17052 11651

7.3 Results for the Polish scenarios

This section shows the results for the different Polish scenarios. A summary of the core
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results is given in the end of this section.

7.3.1 Polish scenario 1
Estimated energy consumption savings for Polish scenario 1. are compared to other

scenarios in paragraph 7.3.4 Comparison between Polish scenarios.

Estimated results for Polish scenario 1 energy consumption estimation results with a list of

installed renovation options are presented in the Figure 24.

Installed refurbishment measures and additional information for Polish scenario 1:

e Replacement of windows with improved thermal performance (U-value) — The U-
value has changed from 1,7 to 0,9 [W/m?K]. Total estimated window area is 41,0 m?.

e Replacement of windows with a new type (G-value). Window glazing has changed
from DOUBLE to SELECTIVEDOUBLE. Total estimated window area is 41,0 m?.

e Insulation of outside walls. U-value changed from 0,95 to 0,2 [W/m?K]

VTT Digital Twin tool also calculated thickness values for the K-FLEX and EKOLAB
products, if these products would be used to do this refurbishment measure.

e Adding layer of insulation material on top of the base floor. U-value changed from
1,2 to 0,25 [W/m?K].

e Improving heat insulation of upper floor. U-value changed from 0,72 to 0,15 [W/m?K]
VTT Digital Twin tool also calculated thickness values for the K-FLEX and EKOLAB
products, if these products would be used to do this refurbishment measure.

e Solar collector as an auxiliary hot water system, when share target is 40%. Estimated
annual solar radiation is 918,0 kWh/m?. Solar collector (efficiency: 38,0 %, system
loss:14,0%, direct: south, slope: local latitude) needed to reach the target is around
11,0 m?. 40% share target means how much of the needed annual hot domestic
water is produced by the solar heat collectors.

e Insulating hot water heating system pipes. Hot water circulation pipe losses from 10,0

to 5,0 kWh/m?a. Target is to halve pipe losses.
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Done!
Please find the results of the applied refurbishment measures. The impact is listed by sub-system type and summarized as an impact on the operatignal costs and CO2-
emissions.

Space heating Hot water Appliance electricity Space cooling
Delivered/Local Deliverad Delivered Local_prod Delivered Deliverad Local_prod. Deliverad Delivered Local_prod Dalivered Deliverad Local_prod.
production kwhfa KWhim2,a kWh/a kWwhja KWh/mZ,a kWwhja kWh/a kWh/mZa kwhfa kWwh/a KWh/mZ,a kWwhja
Before TET52 258 o 17546 &8 o 8183 32 o 0 a 0
After 213325 53 o BSED 3s 0 8183 32 o 0 o 0
Savings 52834 205 B5E6 a3 o ] 0 a

B2. Replacement of windows with improved thermal performance [U-value) -- The U-value has changed from 1.7 to 0.9 [W/m2 K]. Total estimated window area is 41.0
m.

B5. Replacement of windows with a new type (G-value) - Window glazing has changed from DOUBLE to SELECTIVEDOUBLE. Tetal estimated window area is 41.0 m?.

C2. Insulation of outside walls -- U-value changed from 0.95 to 0.2 [W/m2,K].
* K-FLEX (A=0.025 W/mK) insulation thickness needed is around 99.0 mm.
* EKOLAB (h=0.037 W/mK]} insulation thickness needed is around 147.0 mm.

D2. Adding layers of insulatien material on top of the base floor -- U-value changed from 1.2 te 0.25 [W/m2,K].
* K-FLEX [A=0.025 W/mkK) insulation thickness needed is around B0.0 mm.

EZ. Improving heat insulation of the upper floor — U-value changed from 0.72 to 0.15 [W/m2,K].
* K-FLEX [A=0.025 W/mkK) insulation thickness needed is around 132.0 mm.
* EKOLAB (A=0.037 W/mK)} insulation thickness needed is around 196.0 mm.

HZ Solar collector as an auxiliary hot water system, share target 40% — Estimated annual solar radiation is 918.0 kWh/m2. Solar collector (efficiency: 38.0% , system
loss:14.0%, directed: south, slope: local atitude) needed to reach the target is around 11.0 m*

02. Insulating hot water heating system pipes -- Hot water circulation pipe losses from 10.0 to 5.0 kWh/m?,a

Figure 24: Polish scenario 1 energy consumption estimation results and installed renovation options.

7.3.2 Polish scenario 2
Estimated energy consumption savings for Polish scenario 2. are compared to other scenarios

in paragraph 7.3.4 Comparison between Polish scenarios.

Estimated results for Polish scenario 2 energy consumption estimation results with a list of

installed renovation options are presented in the Figure 25.

Installed refurbishment measures and additional information for Polish scenario 2:

e Replacement of windows with improved thermal performance (U-value) — The U-value
has changed from 1,7 to 0,9 [W/m?K]. Total estimated window area is 41,0 m?.

e Replacement of windows with a new type (G-value). Window glazing has changed from
DOUBLE to SELECTIVEDOUBLE. Total estimated window area is 41,0 m®.

e Adding layer of insulation material on top of the base floor. U-value changed from 1,2
to 0,25 [W/m?K]. VTT Digital Twin tool also calculated thickness values for the K-FLEX
and EKOLAB products, if these products would be used to do this refurbishment

measure.
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e Solar collector as an auxiliary hot water system, share target 40%. Estimated annual
solar radiation is 918,0 kWh/m?. Solar collector (efficiency: 38,0 %, system loss:14,0%,
direct: south, slope: local latitude) needed to reach the target is around 11,0 m?.

¢ Installation of PV panels, production target 50%. Estimated areas for PV panels to cover

the target. Appliance electricity, local production is 4092,0 kWh/a.

o PV roof panels (efficiency: 19,0%, system loss: 14,0%, direct: south, slope: local
latitude). Estimated annual solar radiation is 2046,0 kWh/m?. Area needed to
reach the target is around 28,0 m®.

o PV wall panels (efficiency:14,0%, system loss: 14,0%, direct: south, slope: 90
degree). Estimated annual solar radiation is 1274,0 kWh/m?. Are needed to
reach the target is around 70,0 m?.

e Insulating hot water heating system pipes. Hot water circulation pipe losses from 10,0

to 5,0 kWh/m?,a
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Denel
Flease find the results of the applied refurbishment measures. The impact is listed by sub-system type and summarized as an impact on the operational costs and CO2-
emissions.

Space heating Hot water Appliance electricity Space cooling.
Delivered/Local Delivered Delivered Local_prod. Delivered Delivered Local_prod. Delivered Delivered Local_prod. Delivered Delivered Local_prod.
production kwh/a kwh/mz,a kwh/a kwh/a kwh/mz.a kwh/a kwh/a kWwh/mz,a kwh/a kwh/a kwh/mz2.a kwh/a
Before T6753 158 o 17546 68 0 8183 32 o 0 0 0
After 23825 83 o BoED 35 L] 4091 16 4091 L] 0 0
Savings 52834 205 8566 3 4032 16 0 0

B2. Replacement of windows with improved thermal performance (U-value) -- The U-value has changed from 1.7 to 0.9 [W/mZ K]. Total estimated window area is 41.0
me.

B5_ Replacement of windows with a new type (G-value) -- Window glazing has changed from DOUBLE to SELECTIVEDOUBLE. Total estimated window area is 41.0 m?_
2. Insulation of sutside walls - U-value changed from 0.95 to 0.2 [W/m2,K].

* K-FLEX (A=0.025 W/mEK) insulation thickness needed is around 99.0 mm.
* EKOLAB (A=0.037 W/mK]} insulation thickness needed is arcund 147.0 mm.

DZ. Adding layers of insulation material on top of the base floor -- U-value changed from 1.2 to 0.25 [W/m2,K].
* K-FLEX (A=0.025 W/mK) insulation thickness needed is around 80.0 mm.

EZ Improving heat insulation of the upper floor - U-value changed from 0.72 to 0.15 [W/m2,K].
* K-FLEX [A=0.025 W/mK) insulation thickness needed is around 132.0 mm.
* EKOLAB (A=0.037 W/mK]} insulation thickness needed is around 196.0 mm.

HZ. Solar collector as an auxiliary hot water system, share target 40% - Estimated annual solar radiation is 918.0 kiwh/m2. Solar collector [efficiency: 38.0% , system
loss:14.0%, directed: south, slope: local latitude) needed to reach the target is around 11.0 m*

NZ. Installation of pv panels, production target 50% -- Estimated areas for PV panels to cover the target.

Appliance electricity, local production is 4092.0 KWh/a.

* PV roof panels (efficiency: 19.0 % | system loss:14.0%, directed: south, slope: local latitude). Estimated annual solar radiation is 318.0 kWh/m2. Area needed to reach
the target is around 28.0 m?.

* PV wall panels (efficiency: 14.0 % , system loss:14.0%, directed: south, slope: 90 degrees). Estimated annual solar radiation is 648.0 kWh/m2. Area needed to reach the
target is around 53.0 m*.

All delivered electricity, production target is 4032.0 kiWh/a.

* PV roof panels (efficiency: 19.0 % , systemn loss:14.0%, directed: south, slope: local latitude). Estimated annual solar radiation is 318.0 kWh/m2. Area needed to reach
the target is around 28.0 m?.

* PV wall panels (efficiency: 14.0 % , system loss:14.09, directed: south, slope: 90 degrees). Estimated annual solar radiation is 548.0 kWh/m2. Area needed to reach the
target is around 53.0 m™.

02. Insulating hot water heating system pipes — Hot water circulation pipe losses from 10.0 to 5.0 kWh/m?,a

Figure 25. Polish scenario 1 energy consumption estimation results and installed renovation options.

7.3.3 Polish scenario 3
Estimated energy consumption savings for Polish scenario 2. are compared to other scenarios

in paragraph 7.3.4 Comparison between Polish scenarios.

Estimated results for Polish scenario 3 energy consumption estimation results with a list of

installed renovation options are presented in the Figure 26.

Installed refurbishment measures and additional information for Polish scenario 2:
e Replacement of windows with improved thermal performance (U-value) — The U-
value has changed from 1,7 to 0,9 [W/ m?K]. Total estimated window area is 41,0 m?.
e Replacement of windows with a new type (G-value). Window glazing has changed
from DOUBLE to SELECTIVEDOUBLE. Total estimated window area is 41,0 m?.

e Insulation of outside walls. U-value changed from 0,95 to 0,15 [W/m? K]
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e VTT Digital Twin tool also calculated thickness values for the K-FLEX and EKOLAB
products, if these products would be used to do this refurbishment measure

e Adding layer of insulation material on top of the base floor. U-value changed from
1,2 to 0,25 [W/m?K]. VTT Digital Twin tool also calculated thickness values for the K-
FLEX and EKOLAB products, if these products would be used to do this refurbishment
measure.

e Improving heat insulation of the upper floor. U-value changed from 0,72 to 0,15
[W/m?K]

e Solar collector as an auxiliary hot water system, share target 40%. Estimated annual
solar radiation is 918,0 kWh/ m?. Solar collector (efficiency: 38,0 %, system loss:14,0%,
direct: south, slope: local latitude) needed to reach the target is around 11,0 m?.

¢ Installation of PV panels, production target 50%. Estimated areas for PV panels to
cover the target. Appliance electricity, local production is 4092,0 kWh/a.

o PV roof panels (efficiency: 19,0%, system loss: 14,0%, direct: south, slope: local
latitude). Estimated annual solar radiation is 2046,0 kWh/m?. Area needed to
reach the target is around 28,0 m®.

o PV wall panels (efficiency:14,0%, system loss: 14,0%, direct: south, slope: 90
degree). Estimated annual solar radiation is 1274,0 kWh/ m?. Are needed to
reach the target is around 70,0 m?2.

¢ Insulating hot water heating system pipes. Hot water circulation pipe losses from 10,0

to 5,0 kWh/m?,a
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Done!
Please find the results of the applied refurbishment measures. The impact is listed by sub-system type and summarized as an impact on the operational costs and CO2-
emissions.

Space heating Hot water Appliance electricity Space cooling
DeliveredfLocal Delivered Delivered Local_prod. Delivered Deliverad Local_prod. Delivered Delivered Local_prod. Delivered Delivered Local_prod.
praduction kwh/a kwWh/m2,a kWhfa kWwh/a kWh/m2,a kWh/a kWh/a kWh/m2,a kWhfa kWh/a kWh/m2,a kWwh/a
Before TETS3 98 o 17546 &8 0 B183 32 o 0 0 0
After 21613 a4 o BIB0 35 o 4091 16 4051 Q a 0
Savings 55140 114 BEE6 k) 4092 16 0 0

B2. Replacement of windows with improved thermal performance [U-value) -- The U-value has changed from 1.7 to 0.9 [W/mZ,K]. Total estimated window areais 41.0
me

B5. Replacement of windows with a new type (G-value) -- Window glazing has changed from DOUBLE to SELECTIVEDOUBLE. Total estimated window area is 41.0 m*.

€5. Insulation of outside walls — U-value changed from 0.95 to 0.15 [W/m2,K].
* K-FLEX (A=0.025 W/mK) insulation thickness needed is around 1410 mm.
* EKOLAB (3=0.037 W/mK} insulaticn thickness needed is around 208.0 mm.

D2. Adding layers of insulation material on top of the base floor -- U-value changed from 1.2 to 0.25 [W/m2,K].
* K-FLEX (A=0.025 W/mK) insulation thickness needed is around 80.0 mm.

E2. Improving heat insulation of the upper floor — U-value changed from 0.72 to 0.15 [W/m2,K].
* K-FLEX (A=0.025 W/mK) insulation thickness needed is around 132.0 mm.
* EKOLAB (3=0.037 W/mK} insulation thickness needed is around 196.0 mm.

H2. Solar collector as an auxiliary hot water system, share target 40% - Estimated annual solar radiation is 918.0 kWh/m2. Solar collector (efficiency: 38.0% , system
loss:14.0%, directed: south, slope: local latitude) needed to reach the target is around 11.0 m*

N2 llation of pv panels, prod target 50% -- Estimated areas for PV panels to cover the target.

Appliance electricity, local production is 4082.0 KWh/a.

* PV roof panels (efficiency: 19.0 % , system loss:14.0%, directed: south, slope: local latitude). Estimated annual solar radiation is 218.0 kWh/m2. Area needed to reach
the target is around 28.0 m*.

* PV wall panels (efficiency: 14.0 % , system loss:14.0%, directed: south, slope: 90 degrees). Estimated annual solar radiation is 648.0 kWh/mZ. Area needed to reach the
target is around 53.0 m™.

All delivered electricity, production target is 4052.0 kWh/a.

* PV reof panels (efficiency: 19.0 % , system loss:14.0%, directed: south, slope: local latitude). Estimated annual solar radiation is 218.0 kWh/m2. Area needed to reach
the target is around 28.0 m?.

* PV wall panels (efficiency: 14.0 % , system loss:14.08%, directed: south, slope: 90 degrees). Estimated annual selar radiation is 548.0 kWh/m2. Area needed to reach the
target is around 53.0 m*.

02. Insulating hot water heating system pipes - Hot water eirculation pipe losses from 10.0 to 5.0 kWh/m?,a

Figure 26: Polish scenario 1 energy consumption estimation results and installed renovation options.

7.3.4 Comparison between Polish scenarios
All three Polish scenarios main results are collected to on table 6. Comparison shows that

scenario 3 is saving energy most of the three scenarios.

Table 6: Three Polish scenarios main results. ‘Before’ refers to calculation results without any

renovation actions.

Space heating

Scenario 1 Scenario 2 Scenario 3

Delivered Local Delivered Local Delivered Local

kWh/a production | kWh/a production | kWh/a production

Before 76759 0 76759 0 76759 0

After 23925 0 23925 0 21619 0

Savings 52834 52834 55140
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Hot water
Scenario 1 Scenario 2 Scenario 3
Delivered | Local Delivered Local Delivered Local
kWh/a production | kWh/a production | kWh/a production
Before 17546 0 17546 0 17546 0
After 8980 0 8980 0 8980 0
Savings 5998 9601 8566
Appliance electricity
Scenario 1 Scenario 2 Scenario 3
Delivered | Local Delivered Local Delivered Local
kWh/a production | kWh/a production | kWh/a production
Before 8183 0 8183 0 8183 0
After 8183 0 4091 4091 4091 4091
Savings 0 4092 4092
Space cooling
Scenario 1 Scenario 2 Scenario 3
Delivered | Local Delivered Local Delivered Local
kWh/a production | kWh/a production | kWh/a production
Before 0 0 0 0 0 0
After 0 0 0 0 0 0
Savings 0 0 0

7.4 Results for the French scenarios

This section shows the results for the different French scenarios. A summary of the core

results is given in the end of this section.

7.4.1 French scenario 1

Estimated energy consumption savings for French scenario 1. are compared to other

scenarios in paragraph 7.4.4 Comparison between French scenarios.
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Estimated results for French scenario 1 energy consumption estimation results with a list of

installed renovation options are presented in the Figure 27.

Installed refurbishment measures and additional information for French scenario 1:

e Replacement of windows with improved thermal performance (U-value) — The U-
value has changed from 2,0 to 0,9 [W/m?K]. Total estimated window area is 94,0 m?.

e Replacement of windows with a new type (G-value). Window glazing has changed
from DOUBLE to SELECTIVEDOUBLE. Total estimated window area is 94,0 m?.

e Insulation of outside walls. U-value changed from 0,75 to 0,2 [W/m? K]
VTT Digital Twin tool also calculated thickness values for the K-FLEX and EKOLAB
products, if these products would be used to do this refurbishment measure

e Solar collector as an auxiliary hot water system, share target 60%. Estimated annual
solar radiation is 1114,0 kWh/m?. Solar collector (efficiency: 38,0 %, system
loss:14,0%, direct: south, slope: local latitude) needed to reach the target is around
59,0 m?.

e Main space heating, change of boiler to enable the use of oil. Annual delivered main
space heating energy is 54,0% from the original.

e DHW, change of boiler to enable the use of oil. Annual delivered domestic hot water
heating energy is 36,0% from the original.

¢ Insulating hot water heating system pipes. Hot water circulation pipe losses from 10,0

to 5,0 kWh/m?a
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Done!
Please find the results of the applied refurbishment measures. The impact is listed by sub-system type and summarized as an impact on the operational costs and COZ-
emissions.

Space heating Hot water Appliance electricity Space cooling
Delivered/Local Delivered Delivered Local_prod. Delivered Delivered Local_prod Delivered Delivered Local_prod. Delivered Delivered Local_prod.
production kwh/a kWh/m2.a kwh/a kwh/a kWh/m2,a kwh/fa kwh/a kwh/m2,a kwh/a kWwh/a kwh/m2,a kwh/a
Before 98E02 64 0 59238 EL] o 35299 3 0 (] o (]
After 52880 34 0 21099 14 27428 35299 23 0 (] o (]
Savings 45922 30 38133 24 0 0 o 1]

B2. Replacement of windows with improved thermal performance (U-value) -- The U-value has changed from 2.0 to 0.9 [W/m2, K]. Total estimated window area is 94.0
mb.

B5. Replacement of windows with a new type (G-value) -- Window glazing has changed from DOUBLE to SELECTIVEDOUBLE. Total estimated window area is 94.0 m?

€2 Insulation of outside walls -- U-value changed from 075 to 0.2 [W/m2 K]
* K-FLEX [A=0.025 W/mK] insulation thickness needed is around 92.0 mm.
* EKOLAB [A=0.03T W/mK) insulation thickness needed is around 136.0 mim.

H5. Solar collector as an auxiliary hot water system, share target 60% -- Estimated annual solar radiation is 1114.0 kWh/m2. Solar collector (efficiency: 38.0 % , system
los5:14.0%, directed: south, slope: local latitude) needed to reach the target is around 59.0 m*

J14. Main space heating, change of boiler to enable the use of ail - Annual delivered main space heating energy is 54.0 % from the original. Local production is -8.0 %
from the demand of 48650.0 kWh. Auxiliary space heating demand is 0.0 kWh.

M14. DHW, change of boiler to enable the use of oil -- Annual delivered domestic hot water heating energy is 36.0 % from the original. Local preduction is-8.0 % from
the demand of 13411.0 KWh. Auxiliary hot water heating demand is 23117.0 kWh.

02. Insulating hot water heating system pipes -- Hot water circulation pipe losses from 10.0 to 5.0 kWh/m?,a

Figure 27: French scenario 1 energy consumption estimation results and installed renovation options.

7.4.2 French scenario 2
Estimated energy consumption savings for French scenario 1. are compared to other

scenarios in paragraph 7.4.4 Comparison between French scenarios.

Estimated results for French scenario 2 energy consumption estimation results with a list of

installed renovation options are presented in the Figure 28.

Installed refurbishment measures and additional information for French scenario 1:

e Replacement of windows with improved thermal performance (U-value) — The U-
value has changed from 2,0 to 0,9 [W/m?K]. Total estimated window area is 94,0 m?.

e Replacement of windows with a new type (G-value). Window glazing has changed
from DOUBLE to SELECTIVEDOUBLE. Total estimated window area is 94,0 m?.

e Insulation of outside walls. U-value changed from 0,75 to 0,2 [W/m?K]
VTT Digital Twin tool also calculated thickness values for the K-FLEX and EKOLAB
products, if these products would be used to do this refurbishment measure

e Improving heat insulation of the upper floor. U-value changed from 0,31 to 0,16
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[W/m?K]. VTT Digital Twin tool also calculated thickness values for the K-FLEX and
EKOLAB products, if these products would be used to do this refurbishment measure

e Heat recovery for ventilation system. Efficiency has changed from 0,0 to 0,72.

e Main space heating, ground source heat pump. Annual delivered main space heating
energy is 8,0% from the original.

e DHW, Ground source heat pump. Annual delivered domestic hot water heating
energy is 36,0% from the original.

e Installation of PV panels, production target 50%. Estimated areas for PV panels to
cover the target. Appliance electricity, local production is 17650,0 kWh/a.

o PV roof panels (efficiency: 19,0%, system loss: 14,0%, direct: south, slope: local
latitude). Estimated annual solar radiation is 1114,0 kWh/m?. Area needed to
reach the target is around 97,0 m°.

o PV wall panels (efficiency:14,0%, system loss: 14,0%, direct: south, slope: 90
degree). Estimated annual solar radiation is 792,0 kWh/m?. Are needed to
reach the target is around 186,0 m?.

¢ Insulating hot water heating system pipes. Hot water circulation pipe losses from 10,0

to 5,0 kWh/m?,a
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Donel
Please find the results of the applied refurbishment measures. The impact is listed by sub-system type and summarized as an impact on the operational costs and CO2-
emissions.
Space heating Hot water Appliance electricity Space cooling
Delivered/Local Delivered Delivered Local_prod. Delivered Delivered Local_prod. Delivered Delivered Local_prod. Delivered Delivered Local_prod.
production kWhja kWh/mZ.a kWhja kWh/a kWh/m2,a kWh/a kWhja kWh/mZ,a kWhja kWh/a kWwhim2,a kWh/a
Before 9BE02 &4 0 59238 38 o 35259 23 0 o o o
After 7654 5 17674 21093 14 27428 17643 1 17643 o o o
Savings 91118 59 3e139 14 17650 12 o o

B2. Replacement of windows with improved thermal performance (U-value) -- The U-value has changed from 2.0 to 0.9 [W/m2,K]. Total estimated window area is 94.0
m.

B5. Replacement of windows with a new type (G-value) -- Window glazing has changed from DOUBLE to SELECTIVEDDUBLE. Total estimated window area is94.0 m?

C2. Insulation of outside walls -- U-value changed from 0.75 to 0.2 [W/m2 K].
* K-FLEX [A=0.025 W/mK] insulation thickness needed is around 92.0 mm.
* EKOLAB (A=0.037 W/mK) insulation thickness needed is around 136.0 mm.

E2. Improving heat insulation of the upper floor -- U-value changed from 0.31 to 0.16 [W/m2, K].
* K-FLEX [A=0.025 W/mK) insulation thickness needed is around 76.0 mm.
* EKOLAB (A=0.027 W/mK) insulation thickness needed is around 112.0 mm.

G2. Heat recovery for ventilation system -- Efficiency has changed from 0.0 to 0.72.

J5. Main space heating, ground source heat pump - Annual delivered main space heating energy is 8.0 % from the criginal. Local production is 70.0 % from the
demand of 25359 0 kh. Auxiliary space heating demand is 0.0 kWh.

M5. DHW Ground source heat pump — Annual delivered domestic hot water heating energy is 36.0 % from the original. Local production is 57.0 % from the demand of
48528.0 kiwh. Auxiliary hot water heating demand is 0.0 kWh.

NZ. Installation of pv panels, production target 50% - Estimated areas for PV panels to cover the target.

Appliance electricity, local production is 17650.0 kWh/a.

* PV roof panels (efficiency: 19.0 %, system loss: 14.0%, directed: south, slope: local latitude). Estimated annual solar radiation is 1114.0 kWh/m2. Area needed to reach
the target is around 97.0 mé.

* PV wall panels (efficiency: 14.0 %, system loss:14.0%, directed: south, slope: 50 degrees). Estimated annual solar radiation is 792.0 kWh/m2. Area needed to reach the
target is around 186.0 m?.

All delivered electricity, production target is 32041.0 kWh/a.

* PV roof panels (efficiency: 19.0 % , system loss:14.0%, directed: south, slope: local latitude). Estimated annual solar radiation is 1114.0 kWh/mZ. Area needed to reach
the target is around 177.0 m2

* PV wall panels (efficiency: 14.0 %, system loss:14.0%, directed: south, slope: 50 degrees). Estimated annual solar radiation is 792.0 kWh/m2. Area needed to reach the
target is around 337.0 m*.

02. Insulating hot water heating system pipes -- Hot water circulation pipe losses from 10.0 to 5.0 kWh/m®.a

Figure 28: French scenario 2 energy consumption estimation results and installed renovation options.

7.4.3 French scenario 3
Estimated energy consumption savings for French scenario 1. are compared to other

scenarios in paragraph 7.4.4 Comparison between French scenarios.

Estimated results for French scenario 3 energy consumption estimation results with a list of

installed renovation options are presented in the Figure 29.

Installed refurbishment measures and additional information for French scenario 1:
e Replacement of windows with improved thermal performance (U-value) — The U-
value has changed from 2,0 to 0,9 [W/m?K]. Total estimated window area is 94,0 m?.

e Replacement of windows with a new type (G-value). Window glazing has changed
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from DOUBLE to SELECTIVEDOUBLE. Total estimated window area is 94,0 m?.

e Insulation of outside walls. U-value changed from 0,75 to 0,2 [W/m?K]

VTT Digital Twin tool also calculated thickness values for the K-FLEX and EKOLAB
products, if these products would be used to do this refurbishment measure

e Improving heat insulation of the upper floor. U-value changed from 0,31 to 0,16
[W/m?K]. VTT Digital Twin tool also calculated thickness values for the K-FLEX and
EKOLAB products, if these products would be used to do this refurbishment measure

e Heat recovery for ventilation system. Efficiency has changed from 0,0 to 0,72.

e Solar collector as an auxiliary hot water system, share target 60%. Estimated annual
solar radiation is 1114,0 kWh/m?. Solar collector (efficiency: 38,0 %, system
loss:14,0%, direct: south, slope: local latitude) needed to reach the target is around
59,0 m?.

e Main space heating, change of boiler to enable the use of oil. Annual delivered main
space heating energy is 25,0% from the original.

e DHW, change of boiler to enable the use of oil. Annual delivered main space heating
energy is 25,0% from the original.

¢ Insulating hot water heating system pipes. Hot water circulation pipe losses from 10,0

to 5,0 kWh/m?,a
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Done!

Please find the results of the applied refurbishment measures. The impact is listed by sub-system type and summarized as an impact on the operational costs and CO2-

emissions.

Space heating Hot water Appliance electricity Space cooling

Delivered/Local Delivered Deliverad Local_prod. Deliverad Delivered Lacal_prod Delivered Deliverad Local_prod. Deliverad Delivered Lacal_prod
production kwh/a kWh/mi2,a kWhya kwh/a kwh/m32,a Kwh/a kWhya kwh/m2,a kWwh/a Kwh/a kWh/m2,a Kwh/a
Before 98802 &4 o 59238 38 o 35299 23 o o ] o
After 24305 16 a 21093 14 27428 35299 23 a o o o
Savings T4457 48 38135 24 o 0 o ]

B2. Replacement of windows with improved thermal performance {U-value) -- The U-value has changed from 2.0 to 0.9 [W/m2,K]. Total estimated window area is 94.0
me

B5. Replacement of windows with a new type (G-value) -- Window glazing has changed from DOUBLE to SELECTIVEDDUBLE. Total estimated window area is 94.0 m*
C5. Insulation of outside walls - U-value changed from 0.75 to 0.15 [W/m2,K].

* K-FLEX [A=0.025 W/mK]} insulation thickness needed is around 134.0 mm.
* EKOLAB (A=0.037 W/mEK) insulation thickness needed is around 138.0 mm.

E2. Improving heat insulation of the upper floor - U-value changed from 0.31 to 0.16 [W/m2,K].
* K-FLEX [#=0.025 W/mkK) insulation thickness needed is around 76.0 mm.
* EKOLAB (A=0.037 W/mK) insulation thickness needed is around 112.0 mm.

G2. Heat recovery for ventilation system -- Efficiency has changed from 0.0 to 0.72.

H&. Solar collector as an auxiliary hot water system, share target 60% -- Estimated annual solar radiation is 1114.0 kWh/m2. Solar collector (efficiency: 38.0 % , system
Ioss:14 0%, directed: south, slope: local latitude) needed to reach the target is around 59.0 m*

J14. Main space heating, change of boiler to enable the use of oil - Annual delivered main space heating energy is 35.0 % from the original. Lecal production is -8.0 %
from the demand of 22361.0 kWh. Auxiliary space heating demand is 0.0 kWh.

M14. DHW, change of boiler to enable the use of oil -- Annual delivered domestic hot water heating energy is 36.0 % from the original. Local production is -8.0 % from
the demand of 13411.0 kWh. Auxiliary hot water heating demand is 25117.0 kWh.

02 Insulating hot water heating system pipes — Hot water circulation pipe losses fram 10.0 to 5.0 kWh/m?,a

Figure 29: French scenario 3 energy consumption estimation results and installed renovation options.

7.4.4 Comparison between French scenarios
All three French scenarios main results are collected to on table 7. Comparison shows that

estimation suggests that scenario 2 is saving most of the energy of the three scenarios.

Table 7: Three French scenarios main results

Space heating

Scenario 1 Scenario 2 Scenario 3

Delivered Local Delivered Local Delivered Local

kWh/a production | kWh/a production | kWh/a production

Before 98802 0 98802 0 98802 0

After 52880 0 7684 17674 24305 0

Savings 45922 91118 74497

Hot water

Scenario 1 Scenario 2 Scenario 3
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Delivered | Local Delivered Local Delivered Local
kWh/a production | kWh/a production | kWh/a production
Before 59238 0 59238 0 59238 0
After 21099 27428 21099 27428 21099 27428
Savings 38139 38139 38139
Appliance electricity
Scenario 1 Scenario 2 Scenario 3
Delivered | Local Delivered Local Delivered Local
kWh/a production | kWh/a production | kWh/a production
Before 35299 0 35299 0 35299 0
After 35299 0 17649 17649 35299 0
Savings 0 17650 0
Space cooling
Scenario 1 Scenario 2 Scenario 3
Delivered | Local Delivered Local Delivered Local
kWh/a production | kWh/a production | kWh/a production
Before 0 0 0 0 0 0
After 0 0 0 0 0 0
Savings 0 0 0
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8 Added value to the renovation process
Within the RINNO project, VTT upgraded the existing VTT Digital Twin -toolkit to be able to

provide the competency to support quick and easy building energy renovation scenarios
modelling. The advanced Digital Twin -tool is quick and easy to use by nhon-expert and provide
reliable estimations for different energy renovation scenarios. The tool can be used to easily
test the effect of various renovation measures on a building's energy consumption. Digital Twin
toolkit enables also some more detailed data to be entered to the tool to provide more accurate
estimations of various renovation measures on a building's energy consumption. Validation
and verification will be reported in the next version of the deliverable. The E-Pass tool has
been validated on Finnish weather data (Bistrom and Shemeikka, 2007; Ketomaki, 2015;

Tuomisto, n.d.)

The calculations are based on existing standards.
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9 Conclusions and next steps

This report described the development work done for the digital twin tool of the RINNO project.
The development was done building on the existing E-PASS tool which is meant for initial
assessment of different renovation alternatives. The E-pass tool was substantially modified
and upscaled for RINNO. The new modifications/calculations included:
e Adding support and connectivity to Rinno renovation process toolkit
e Adding support for climate data in different geographic climates
e Adding support and connectivity to Rinno demo building solutions and technologies
e Estimated annual mechanical air flow change from original mechanical air flow before
renovation
e Estimated annual infiltration air flow change from original infiltration air flow before
renovation
e The U-value and total window area change from original U-value and total window area
e Total estimated windows are after replacement of windows
e The U-value changes of walls after renovations and estimation of RINNO project
participants K-FLEX and EKOLAB insulation thickness if used in the renovation
e Base floor U-value change estimation after renovation and estimation of RINNO project
participant K-FLEX insulation thickness if used in the renovation
e The U-value change of upper floor after renovations and estimation of RINNO project
participants K-FLEX and EKOLAB insulation thickness if used in the renovation
o Efficiency estimation of heat recovery for ventilation system after renovation
e Solar collector estimation of efficiency, system loss and area targets estimations after
renovation
e Main space heating estimation of delivered energy demand after renovation
o Domestic hot water estimation of delivered heating energy after renovation
e Air-to-air heat pump estimation of delivered heating energy after renovation
e Local production and solar radiation estimation of PV panels after renovation
Furthermore, the new digital twin tool was tested in the RINNO demonstration buildings with

the scenarios defined earlier in the project.

Potential updates to the second version of the tool (to be reported in Deliverable D3.4):
e Modifications needed by the updated renovation scenarios
e Updated calculations for the updated scenarios

e Preliminary cost analyses of the scenarios
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e Collecting relevant information from BIM models to support renovation decision making

e Utilization of hourly measured data

e Capability of setting required level of solar energy production target (kWh production)
and calculating expected PV panel requirements/area

¢ Validation/verification of results compared to results received with other tools. Detailed
simulations will be done with the Certh tool in another task.

¢ Renaming the tool in the user interface

¢ Including primary energy calculations to the tool
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