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1 INTRODUCTION

1.1 Background

This Report constitutes the Deliverable D5.4 and is the final compilation of technical results
from the GrowSmarter project, and as such it is the output of WP5, responsible for technical
and social validation of the Measures implemented in WP2, 3 and 4. The report is based on
evaluations reported by the individual partners for each of the implemented Measures. It is
important to note that the evaluations of the Measures have been done as part of WP2, 3 and
4, based on the methodology agreed on with WP5. The process has been the following:

WPS5 proposed the evaluation methodology described in the Evaluation Plan, D5.1. This

was done in communication with the partners of the specific Measure to ensure that

the proposed methodology is feasible. The plan determines which parameters should

be measured, at what frequency, and what are the Key Performance Indicators to be

evaluated. It does not specify in any detail how this should be done. The Evaluation

Plan was agreed on by the General Assembly.

WP 5 defined the distribution of responsibilities between WP5 and the other work

packages. This was done in Deliverable D5.2, Guidelines for Monitoring and Evaluation.

Each reporting partner then delivered a detailed Evaluation Strategy based on the

Evaluation Plan and the Guidelines.

WP5 provided a template for Periodic Evaluation Reports of results from each Measure.

It was decided at the general assembly in Cork that reporting of results should be done

twice a year (September and February) using the template provided by WP5. In fact, an

update of the reports was also requested at the General Assembly in Barcelona,

November 2018, to be delivered by December 15, 2019.

WP5 used the Periodic Evaluation Reports delivered to write a Draft Report on Results

of Technical and Social Evaluation, deliverable D5.3.

Finally, the present report, D5.4, is based on the information reported up to November

14 20109.

The division of work between WP5 on the one hand and WP2, 3 and 4 on the other is based on

what is written in the Grant Agreement. The following is from that source:
Each implemented Measure will be monitored for a minimum of 2 years. Gathered data
... Will be used to evaluate innovation potential, theoretical vs practical energy savings,
user acceptance and real investment costs, etc. The results will be [the] main input to
WP 5 where the data will be analyzed on a global project level and [WP5 will] further
validate the Measures from technical, economic and social perspectives..... The results
from the monitoring and evaluation will be compiled into a deliverable from each
Measure.

It was later agreed with the EC that an evaluation period of 1 year should be sufficient. Due to
delays, and high ambitions of the partners, a large part of the last year of the project has been
used to collect data and to ensure high quality of the data.

The objectives of WP5 were defined in the Grant Agreement. The first objective is to:
Provide a transparent framework and methodology for comparable performance
evaluation ...to enable validation and comparison of deployed smart solutions at all
project sites ....

This objective was fulfilled by setting up the procedures described in the evaluation plan,

Deliverable D5.1.
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The second objective of WPS5 is to:

- Guide data collection and analysis to assess the implemented Measure's impact on
reduction of greenhouse gas, other emissions, energy efficiency and share of renewable
energy sources...

This objective was fulfilled by the Deliverable D5.2 and by evaluating and accepting the
Evaluation Strategies presented by the partners.

Other objectives of WP5 are more related to the present report. According to these WP5 is to:
- Assess the vulnerability/robustness of the deployed smart city solutions, with specific
focus on their cumulative effects on other resources, economics, and security of energy

and transport service supply.

- Assess replicability of the implemented Measures, including key success factors, impact
of local specifics on success, key stakeholders to be involved, standardization and
interoperability issues.

- Provide input for assessment of potential for wider market uptake of the implemented
Measures and pathways to upscaling

- Visualization and presentation of assessment results

- Develop and disseminate recommendations for European and national policy makers
and practitioners

Since the Grant Agreement was first formulated, there have been Amendments, and in one of
these, it was decided that the report with Recommendations for Policy makers should be
moved to WP1. However, the first four bullet points are still the responsibility of WP5. It has
been the ambition and intention that the present report should cover these objectives.

Accomodating this type of project within the time frame of five years has been a challenge. In
particular considering that the results should be confirmed through actual measurements.
This requires a first measurement period to determine a baseline and then a second
measurement period for determining the effect of the measures. As the effect of many of the
measures depend on the season, both the baseline period and the evaluation period should
cover one full year. This means that there has been less than three years to plan and implement
the measures to be evaluated. In some cases there have been problems influencing the quality
of the data for the evaluations. In other cases data is missing or is not in the form expected.
This has influenced the possibility to validate the evaluations done by the partners and from
WP5 we have to acknowledge that the results presented are in some cases to be seen as
preliminary. However, we do not believe that this has influenced the general conclusions of
the project.
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1.2 Report structure

Chapter 2 presents the results of technical and social validation of the Measures related to
Work Package 2: Low Energy District.

Chapter 3 contains the validation of the Measures related to Work Package 3: Integrated
infrastructures.

Chapter 4 contains the validation of the results of the Measures related to Work Package 4:
Sustainable urban mobility.

The structure of Chapters 2, 3 and 4 is conceived to give an overview of the results obtained
in the project and their validation towards the expectations and prescriptions contained in the
evaluation plan (D5.1).

In particular, each chapter contains an introduction to the specific Measures of the
corresponding work package followed by a section where general considerations about the
evaluation methodology are presented. The core sections of these three Chapters are
dedicated to the Measures involved in each Work Package. Each Measure is identified by the
number assigned in the evaluation plan (D5.1) and has a prefix ,M".

For each Measure, the introduction summarizes the expectation and recommendations
prescribed in the evaluation plan (D5.1), with focus on the Measure intentions and the key
performance indicators that are needed for the evaluation of the Measure. The summary of
the results from each demonstration site involved is then presented and followed by the
technical feasibility of the Measure and its potential for upscaling and replicability.

Chapter 5 contains considerations and recommendations on the overall results from the
activities implemented in all the work packages. Finally, general conclusions from the current
results are drawn with reference to each Work Package.

Note: The official names of three project partners have changed during the project. In this
report the new official name has been used. In particular, changes have been applied according
to the following table:

Table 1: Name changes of some Project partners

Previous name New name

Fortum AB Stockholm Exergi AB
Fortum Markets AB

GNF (Gas Natural) Naturgy

KTH-IE KTH-SEED
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1.3 Energy and emission factors

In order to estimate the CO2 emission related to the energy consumption or production
evaluated in the Measures, the following tables present a summary the conversion factors
considered in Stockholm, Cologne and Barcelona. The values in Table 5 are supplied only for

comparison and are not used in the calculations.

Stockholm

Table 2 CO2 emission factors considered in Stockholm

CO2 factor

(9/kWh)
Nordisk mix, 2016 5 year average 62.9
Renewable mix 5.5
Wind 15.2
Solar PV 30.0
District heating 93.1

All emission factors represent the CO2 equivalent considering the LCA (Life Cycle Assessment
approach), based on Miljofaktaboken (2011) and Naturvardsverket (2017)

Cologne

Table 3 CO2 emission factors considered in Cologne

CO2 factor
(9/kwh)
Electricity (2015) 431
(2017) 306
Gas 206
Solar PV' 24
District heating 78

' https://data.europa.eu/euodp/sv/data/dataset/jrc-com-ef-comw-ef-2017
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Barcelona

Primary energy factor (electricity): 2.403
Primary energy factor (gas): 1.195
Primary energy factor (electricity): 0.262

Table 4 CO2 emission factors considered in Barcelona?

CO2 factor

(9/kWh)
Electricity 357
Gas 252
Oil (heating) 311
Solar PV? 48

Covenant of Mayors for Climate and Energy

Table 5 CoM Default Emission Factors for Germany, Spain, Sweden and all the Member States of
the European Union. The values are referred to 2013 and consider the LCA approach.*

Germany Spain Sweden EU 28
CO2-eq due to electricity consumption (g/kWh) 658 343 38 444

2 https://energia.gob.es/desarrollo/EficienciaEnergetica/RITE/Reconocidos/Reconocidos/Otros%20doc
umentos/Factores_emision_CO2.pdf

* https://thinkstep.com/sustainability-data/Ici-data/global-industrial-process-database

* https://data.europa.eu/euodp/sv/data/dataset/jrc-com-ef-comw-ef-2017
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2 WORK PACKAGE 2: LOW ENERGY DISTRICT

2.1 Introduction

Buildings and the activites inside are responsible for about 31% of the global energy use in
today’s society. The European Union has an ambitious goal to significantly reduce the
environmental impact from all sectors, including buildings. The present project aims at
reducing the energy use in buildings by up to 60%, reduce the energy costs and the greenhouse
gas emissions. By using novel and innovative technical solutions, the aims are to create a
better indoor climate, indoor air quality, improve living quality and extend the buildings’ life
expectancy.

In Work Package 2 (WP2), the Measures implemented are mainly focusing on the built
environment. Several different kinds of Measures are implemented, some in the same building,
some in different buildings. The present sections aim at highlighting the final results, of WP2.
During the project, there have been some delays in reporting the results of the Measures. In
many cases this is a result of delays within the refurbishment projects. In general, all Measures
are evaluated based on measured data. It is believed, and also documented in the literature,
that there is a gap between the predicted performance of a building and the actual achieved
performance. Hence, demonstrating the impact of a Measure needs to be done by
measurements rather than by simulations in order to estimate the actual expected outcome
when the Measures are scaled and implemented in many buildings in different cities. The
savings obtained by the Measures are validated against a baseline. The baseline is normally
the measured performance before the Measures have been implemented. In some instances
this has not been possible or relevant to do, as the use of the building after the refurbishment
is completely different to the use before the refurbishment. In those instances, the baseline
may be a simulated baseline.

In addition to the purely technical measurements of performance, the social impact of the
Measures are estimated and for some Measures, surveys have been conducted.
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2.2 Evaluation methodology

In the current project, the main purpose is to demonstrate the effect, or smartness, of
implementing the suggested Measures. Therefore, the evaluation procedure is designed for
that main purpose. Demonstration in general is done by inspecting the outcome of a similar
earlier carried out project. Hence, as the current project aims at demonstrating the outcome
of different Measures, the documented outcome of these should be used for the evaluation.
The documented outcome must be determined by measurements. The outcome of each
Measure has been evaluated as reduced energy consumption or reduced emissions at
maintained or improved service level. Hence, the outcome of each Measure has, whenever
possible, been determined by measurements. Since savings is what is monitored, the energy
performance and the service level before and after implementation of the Measures are
required.

The monitoring are for the most cases done for an extended time period, as climatic conditions
affects the performance and need to be captured. For a number of Measures, the climatic
variations occurring throughout the year is not expected to change the outcome of the
Measure, these Measures have been evaluated using a shorter time period.

In many cases, several individual Measures have been installed in a common building. As all
systems in a building interact in one way or the other, it is impossible to monitor only the
overall energy performance of the building, better resolution is required. Therefore the
evaluation is in these cases done in a more elaborate and detailed manner, aiming at
separating the effect of each Measure. Hence, since some of the Measures are saving on the
“same” number, the aggregation of several Measures is of course not the same as the simple
addition of the savings of the individual Measures. The used evaluation procedure is also
aimed at highlighting these aggregation issues, in order to be able to make better predictions
of the combination of any Measures for any building in any city.

Normalization for climate conditions

The results of GrowSmarter Project are mainly presented by comparing annual measurement
campaigns carried out before and after the implementation of each Measure. When comparing
the measurement campaigns for buildings over different years it is important to account for
the different climatic conditions which occurred within the considered years. The method
adopted in this project to normalize the results before and after the implementation of each
Measure is the Degree Day method.

The Degree-Days (DD) represent “the degrees needed each day” for the heating or cooling of
a building in a given location.

The Heating Degree Days (HDD) for any single day can be determined considering the
(measured) daily mean outdoor temperature T,, a threshold temperature T, and a defined
indoor temperature T.. T, can be interpreted as the temperature at which a building needs no
heating.

The calculation of the HDD is performed considering only the days where T, is lower than T,.’.
The following two formulations are possible:

e °SONORMB 8110-5
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n
HDD = Z (Ti — Tm),
1

n
HDD = Z (Tlim — Tm),
1

Where n is the number of days of the period considered, typically one year. The value of T
varies depending on the location.

The HDD normalization is widely adopted to compare the energy consumption of a building
over different years, in order to analyse the variation of the energy consumption over different
climatic conditions compared to previous years. The normalized energy consumption of a
building can be calculcated as

HDD,.s
no HDD

where E is the building energy consumption for heating in a specific year and location, E, is
the normalized energy consumption and HDD. is the average of the HDD for a given location
over a long term of typically 30 years.

Similar definitions and considerations can be formulated regarding the Cooling Degree Days
(CDD) and heating and cooling degree hours.

Upscaling of the results: General assumptions (for Stockholm)

KTH carried out a quantitative upscaling of the results focusing on the results obtained in
Stockholm within the following Measures:

e M1.1.1: Low U-values of Windows

e M1.1.2: Reducing hot water losses

e M1.1.3: Recovering waste water heat from the drain
e M1.1.5: New efficient air heat pumps

e M1.1.8: Air tightness

For all these measure the climatic conditions of Stockholm was required. For that purpose, the
official simulation climatic data files provided by SVEBY® has been used as a source for the
hourly dry bulb outdoor temperature. Some of the estimations have been obtained using the
hourly data on the entire building stock of Stockholm, while some others have been obtained
using the degree hour concept, using the latest calculation procedure of SMHI” and the climatic
data file from SVEBY. The degree hour considered for Stockholm is 89 458 K - hr.

As the entire building stock has been considered, the corresponding heated floor area of
various kinds of buildings was required, including building age, ventilation principle and other
features relevant to the different evaluated measures. For this purpose a software tool,
developed in a previous research project®, has been used to connect to the database of filed

e Swww.sveby.org
e 7 http://www.smhi.se/polopoly_fs/1.3482!/Menu/general/extGroup/attachmentColHold/
mainCol1 /file/Faktablad%20SMHI%20Graddagar%20150601.pdf

e 8 https://www.e2b2.se/forskningsprojekt-i-e2b2/stad-och-planering/big-data-analys-foer-
energieffektivisering-av-stockholm/
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Energy Declaration Protocols. The database of these protocols is continuously maintained by
Boverket® (the Swedish National Board of Housing, Building and Planning). The required data
for the upscaling has been available only for Stockholm, and the results of this exercise are
presented at the end of Chapter 2.

2.3 Measures of WP2

M1.0 - Energy efficient refurbishment of buildings

Introduction

The aim of this Measure is to evaluate the energy savings in residential and tertiary buildings
for the whole building retrofit, including passive Measures, active Measures as well as the
Building Energy Management System (BEMS) and the Home Energy Management System
(HEMS).

Savings have been determined by comparing measured consumption before and after the
implementation, making suitable adjustments for comparing both consumptions under the
same conditions, such as building occupancy or weather conditions.

According to the evaluation plan (D5.1), the intention of the Measure was to enhance the
energy performance of evaluated buildings (kWh/m?).

The instructions for determining the baseline has been as follows:

1. Baseline determined based on performance before the Measure implementations.

2. Baseline for Heating, Cooling and Electric energy obtained through measurement of annual
energy demand (kWh/m? corrected for ambient conditions (heating- cooling degree day
correction).

3. Annual performances displayed as energy signature, highlighting any difference between
the two cases.

4. Emission data established from official authorities and used throughout the evaluation
period of baseline and evaluation of conducted Measures.

5. Bought energy mix (per energy carrier) established and used throughout the evaluation
period of baseline and evaluation of conducted Measures.

The agreed key performance indicators to be determined are:

. Heat energy required (kWh) per year and month normalized for climatic conditions.

. Cooling energy required (kWh) per year and month normalized for climatic conditions.
. Electric energy required (kWh) per year and month.

. CO; emissions due to heating energy demand (kt/year).

. CO; emissions due to cooling energy demand (kt/year).

. CO; emissions due to electric energy demand (kt/year).

S v W N~

e °https://www.boverket.se/energideklaration
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Stockholm

Industry partners Contact persons Validation partner

Skanska Harry Matero KTH-EGI
Stockholmshem Gunnar Wiberg
L&T FM AB Peter Andersson

Fastigetskontoret
Miljofoérvaltningen

Royne Juhlin
Anna Sundman

Table 6 Measures evaluated by Skanska (*House 2A, 3B and 5E have been indirectly evaluated, since
they are identical to House 7G and 8H)

1.0 1.1.1 1.1.2 1.1.3 1.1.4 1.1.5 1.1.9
House 6F X X
House 7G X
(2A% 3B%) X X X X X
House 8H X X
(SE%) X X X

Table 7 Measures evaluated by L&T

1.0 1.1.6 1.1.7 4.1
Valla Torg X X
Arstakrénet X X X
Kylhus X X
Slaughterhouse X X X

In Stockholm, Skanska is responsible of the renovation of a total of 6 houses. Four fourteen-
story buildings and two 4-story buildings from 1961. These buildings all together include 302
apartments before renovation and 324 apartments after renovation.

The evaluation of the house's energy performance has been performed by measuring the
energy before and after the deep renovation interventions.

House 6F

The installed technology includes now a combination of district heating, geothermal heat
pumps, exhaust air heat pumps and heat recovery from waste water. The total conditioned
area before and after the deep renovation changed from 4942m?to 5191 m?.

New digital energy meters and indoor temperature meters have been also installed during the

renovation.

The obtained results are reported in Table 8, Table 9 and Table 10. In particular, Table 8 shows
the baseline values measured over 2017, while Table 9 reports the energy consumptions,
purchase and production after the refurbishment.

Table 10 shows the results in terms of energy achieved savings. Worth noticing, the
photovoltaic system started to produce electricity only from June 2018.
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Table 8 Baseline evaluated for M1.0 House 6F (Stockholm)

Baseline 2017-01-01 Units KPI Units
2017-12-31

District heating (space heating and 643339 | kWh 124 | kWh/m?
hot water)
Purchased electricity 38031 | kWh 7 | kWh/m?
Total purchased energy* 681370 | kWh 132 | kWh/m?
Hot water circulation losses 11861 | kWh 2 | %

* excluded: laundry room and commercial activities

Table 9 Energy use after refurbishment for M1.0 House 6F (Stockholm)
After refurbishment 2018-10-01 Units KPI Units

2019-09-30

District heating (space heating and 0 | kWh 0 | kWh/m?
hot water)
Heat pump electricity consumption 128 740 | kWh 24.8 | kWh/m?
Purchased electricity 189 021 | kWh 36.4 | kWh/m?
Total purchased energy* 172 398 | kWh 33.2 | kWh/m?
Produced solar energy 8067 | kWh 1.6 | kWh/m?

* excluded: laundry room and commercial activities

Table 10 Energy use variation for M1.0 House 6F (Stockholm)
Results Variation
District heating (space heating and domestic hot water) -100%
Purchased electricity +397%
Total purchased energy -75%

Figure 1 shows the Energy Signature of House 6F. The x-axis represent the monthly average
of the outdoor temperature. The “mean power” includes the total purchased energy divided by
the number of hours in the month.

Table 11 shows the results in terms of KPIs required by the Evaluation Plan D5.1.
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House 6 bought energy
District heating and electricity (including building electricity)
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Figure 1 Energy signature for House 6F in Stockholm

Table 11 KPIs evaluated for M1.0 House 6F (Stockholm)

KPI Baseline Post-retrofitting Variation
1. Heat energy required (kWh) per year and 643339 138757 -78 %
month normalized for climatic conditions.

2. Cooling energy required (kWh) p7er year -
and month normalized for climatic

conditions.

3. Electric energy required (kWh) per year 38031 33746 11 %
and month.

3.1 Electric energy required (kWh) for - 138757

heating

4. CO2 emissions due to heating energy 59.895 8.098 -86 %

demand (t/year)

5. CO2 emissions due to cooling energy -
demand (t/year)

6. CO2 emissions due to electric energy 2.409 2,72 13%

demand (t/year)

Total purchased energy 681370 172503 -76 %
House 7G

The installed technology includes now a combination of district heating, smart building
control, exhaust air heat pumps and heat recovery from waste water.

New digital energy meters and indoor temperature meters have been also installed during the
renovation. The total conditioned area before and after the deep renovation changed from
5401.5m?to 5651 m>.

The obtained results are reported in Table 12, Table 13 and Table 14. In particular, Table 12
shows the baseline values measured over 2017, while Table 13 reports the summary of the
measurements performed after the refurbishment. Table 14 shows the results in terms of
achieved energy savings.
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Table 12 Baseline evaluated for M1.0 House 7G (Stockholm)

Baseline 2017-01-01 Units KPI Units
2017-12-31

District heating (space heating and 680043 | kWh 120 | kWh/m?

hot water)

Purchased electricity 38031 | kWh 7 | kWh/m?

Total purchased energy* 718074 | kWh 127 | kWh/m?

*excluding laundry room and outdoor lighting

Table 13 Energy use after refurbishment for M1.0 House 7G (Stockholm)

After refurbishment 2018-10-01 Units KPI Units
2019-09-30

District heating (space heating and 137198 | kWh 24 | kWh/m?

hot water)

Purchased electricity 165446 | kWh 28 | kWh/m?

Total purchased energy* 282047 | kWh 49,9 | kWh/m?

Produced solar energy 7247 | kWh 1.3 | kWh/m?

*excluding laundry room and outdoor lighting

Table 14 Energy use variation for M1.0 House 7G (Stockholm)

Results Variation

Space heating and domestic hot water -80 %
Purchased electricity +366 %
Total purchased energy -61 %

Table 15 shows the results related to the estimated CO, saving obtained with the
refurbishment of House 7G.

Table 15 CO2 emission for M1.0 House 7G (Stockholm)

CO, emissions Value

CO, emission before the refurbishment 65.7 t
CO, emission after the refurbishment 229t
CO, emission variation -65.0 %

Figure 2 shows the Energy Signature of House 7G. The x-axis represent the monthly average
of the outdoor temperature. The “mean power” includes the total purchased energy divided by
the number of hours in the month.
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Figure 2 Energy signature for House 7G in Stockholm

Table 16 KPIs evaluated for M1.0 House 7G (Stockholm)

25

® Mean power 2019 [kwW]

KPI

Baseline

Post-retrofitting

Variation

1. Heat energy required (kWh) per year and
month normalized for climatic conditions.

680043

246029

-64 %

2. Cooling energy required (kWh) per year
and month normalized for climatic
conditions.

3. Electric energy required (kWh) per year
and month.

38031

36018

5%

3.1 Electric energy required (kWh) for
heating

108831

4. CO2 emissions due to heating energy
demand (t/year)

63.312

18960

-70 %

5. CO2 emissions due to cooling energy
demand (t/year)

6. CO2 emissions due to electric energy
demand (t/year)

2.409

2,863

19 %

Total purchased energy

718074

282047

-61 %

House 8H

The installed technology includes now a combination of district heating, smart building

control, exhaust air heat pumps and heat recovery from waste water.

New digital energy meters and indoor temperature meters have been also installed during the
renovation. The total conditioned area before and after the deep renovation changed from

4571m’ to 4626 m’.

The results obtained within the Project are reported in Table 17, Table 18 and Table 19. In
particular, Table 17 shows the baseline values measured over 2017, while Table 18 report the
summary of the measurements performed after the refurbishment. Table 19 shows the results
in terms of achieved energy savings. Worth noticing, the photovoltaic system started to
produce electricity only from July 2018 and the exhaust heat pumps were not fully in operation

until November 2018.
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Table 17 Baseline evaluated for M1.0 House 8H (Stockholm)

Baseline 2017-01-01 Units KPI Units
2017-12-31

District heating (space heating and 544850 | kWh 119 | kWh/m?

hot water)

Purchased electricity 26752 | kWh 6 | kWh/m?

Total purchased energy 571672 | kWh 125 | kWh/m?

Table 18 Energy use after refurbishment for M1.0 House 8H (Stockholm)

After refurbishment 2018-07-01 Units KPI Units
2019-06-30

District heating (space heating and 126157 kWh 27,3 | kWh/m?

hot water)

Purchased electricity 107907 | kWh 23 | kWh/m?

Produced solar energy 21161 | kWh 4.6 | kWh/m?

Total purchased energy* 234064 | kWh 50,6 | kWh/m?

* excluded: laundry room and outdoor lighting

Table 19 Energy use variation for M1.0 House 8H (Stockholm)

Results Variation

District heating (space heating and domestic hot water) -77%
Purchased electricity +299%
Total purchased energy -60%

Table 20 shows the results related to the calculated CO, savings obtained with the
refurbishment of House 8H.

Table 20 CO2 emission for M1.0 House 8H (Stockholm)

CO, emissions Value

CO, emission before the refurbishment 50.7 t
CO, emission after the refurbishment 18.5t
CO, emission variation -64 %

Figure 3 shows the Energy Signature of House 8H. The x-axis represent the monthly average
of the outdoor temperature. The “mean power” includes the total purchased energy divided by
the number of hours in the month.
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Figure 3 Energy signature for House 8H in Stockholm
Table 21 KPIs evaluated for M1.0 House 8H (Stockholm)
KPI Baseline | Post- Variation
retrofitting

1. Heat energy required (kWh) per year and month | 544850 209324 -62 %
normalized for climatic conditions.
2. Cooling energy required (kWh) per year and month -
normalized for climatic conditions.
3. Electric energy required (kWh) per year and month. 26752 23542 -12%
3.1 Electric energy required (kWh) for heating 0 83167 -
4. CO2 emissions due to heating energy demand (t/year) 50.726 16,674 -67 %
5. CO2 emissions due to cooling energy demand (t/year) -
6. CO2 emissions due to electric energy demand (t/year) 1.683 2,053 22 %
Total purchased energy 571602 232866 -60 %

Arstakronet

L&T has implemented several interventions in Brf Arstakrénet, including:

e PVcells

e Battery storage

e Energy HUB

e Smart ventilation control

e Indoor climate control

e Energy Quality Control (EQC)

e Adaptive control system for heating-Indoor temperature control

e Air tightness test
e Thermographic control

Space heating is controlled by an adaptive control system. Indoor temperature meters have
been installed in all apartments as well as a smart ventilation control for the garage, water
saving equipment, electricity meters, District Heating meter and water measurement
equipment. Also Photovoltaic panels have been installed in combination with a battery storage

system.
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With the installation of these technologies and tools, L&T aimed to guarantee energy savings
from different energy consuming facilities in the building. The entire installation is supervised
through L&Ts Energy Saving Center. The total conditioned area is 4950m?.

The obtained results are reported in Table 22, Table 23 and Table 24. In particular, Table 22
shows the baseline values measured over 2017, while Table 23 report the summary of the
measurements performed after the refurbishment. Table 24 shows the results in terms of
achieved energy savings. Worth noticing, the impact of the water circulation losses increased
due to the lower overall energy consumption. The content reported in the following tables is
based on monthly values.

Table 22 Baseline evaluated for M1.0 Arstakronet (Stockholm)

Baseline 2015-01-01 Units KPI Units
2015-12-31

District heating (space heating and 547 911 | kWh 111 | kWh/m?

hot water)

Purchased electricity 68 008 | kWh 13.8 | kWh/m?

Total purchased energy 615919 | kWh 124.8 | kWh/m?

Hot water usage 5 346 000 | liters 1080 | kWh/m?

Hot water circulation losses 27 000 | kWh 4.9 | %

Table 23 Energy use after refurbishment for M1.0 Arstakrénet (Stockholm)

After refurbishment 2018-01-01 Units KPI Units
2018-12-31

District heating (space heating 487 502 | kWh 98 | kWh/m?

and hot water)

Purchased electricity 45 095 | kWh 9 | kWh/m?

Total purchased energy 532 597 | kWh 108 | kWh/m?

Produced solar energy 11 442 | kWh 2.3 | kWh/m?

Total consumed energy 542 581 | kWh 110 | kWh/m?

Hot water usage 5001 000 | liters 1010 | kWh/m?

Hot water circulation losses 27000 | kWh 55| %

Table 24 Energy use variation for M1.0 Arstakrénet (Stockholm)

Results Variation

Space heating and domestic hot water -11%
Purchased electricity -33.7%
Total purchased energy -14%
Electricity consumption -19%
Hot water usage -6.4%
Hot water circulation losses +12.2%

Table 25 shows the results related to the estimated CO, saving obtained with the
refurbishment of Arstakronet.

Table 25 CO2 emission for M1.0 Arstakrénet (Stockholm)

CO, emissions Value

CO, emission before the refurbishment 58.4t
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CO, emission after the refurbishment 45.8 t

CO, emission reduction 22%

Figure 4 shows the Energy Signature of Arstakrdonet based on the final data collected.
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Figure 4 Energy signature for Arstakrénet in Stockholm

The indoor temperature is hourly monitored and Figure 5 shows an example of the available

information.
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Figure 5 Example of indoor temperature monitoring in Arstakrénet, Stockholm. Reference period:
October 2018.

Table 26 KPIs evaluated for M1.0 Arstakronet (Stockholm)

KPI Baseline Post-retrofitting Variation

1. Heat energy required (kWh) per year and 547 911 486 502 11 %

month normalized for climatic conditions.
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2. Cooling energy required (kWh) per year and - - -

month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 68 008 46001 17 %
month.
4. CO2 emissions due to heating energy 54.1 43.0 -20.5 %

demand (t/year)
5. CO2 emissions due to cooling energy - - -
demand (t/year)

6. CO2 emissions due to electric energy 4.3 2.8 -34.8%
demand (t/year)
Total purchased energy -14%

Slaughterhouse area

In Slaughterhouse the baseline has been calculated instead of measured, due to the fact that
the house has not been heated for the past 50 years. A theoretical baseline has been calculated
as if the building had been in use. The first year to be compared to baseline is 2018.

The installed technology in the Slaughterhouse includes now a combination of district heating,
adaptive control, exhaust air heat pumps, PV cells and batteries.

New digital energy meters and indoor temperature meters have been also installed during the
renovation. The total conditioned area is 906 m°.

The obtained results are reported in Table 27, Table 28 and Table 29. In particular, Table 27
shows the baseline values measured over 2017, while Table 28 report the summary of the
measurements performed after the refurbishment. Table 29 shows the results in terms of
achieved energy savings.

Table 27 Baseline evaluated for M1.0 Slaughterhouse (Stockholm)

Baseline 2017-01-01 Units KPI Units
2017-12-31

District heating (space heating and 346 791 | kWh 383 | kWh/m?

hot water)

Purchased electricity 12 000 | kWh 13 | kWh/m?

Total purchased energy 358 791 | kWh 396 | kWh/m?

Table 28 Energy use after refurbishment for M1.0 Slaughterhouse (Stockholm)

After refurbishment 2018-04-01 Units KPI Units
2019-03-31

District heating (space heating and 150 010 | kWh 165,6 | kWh/m?
hot water)

Purchased electricity 41 085 | kWh 45.3 | kWh/m?
Total purchased energy 191 095 | kWh 210,9 | kWh/m?
Produced solar energy 9630 | kWh 10,6 | kWh/m?
Total consumed energy 200 725 | kWh 221.6 | kWh/m?

Table 29 Energy use variation for M1.0 Slaughterhouse (Stockholm)

Results Variation

Space heating and domestic hot water -57%
Purchased electricity +242%
Total purchased energy -47%
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Table 30 shows the results related to the estimated CO, saving obtained with the
refurbishment of Slaughterhouse.

Table 30 CO2 emission for M1.0 Slaughterhouse (Stockholm)

CO,; emissions Value

CO, emission before the refurbishment 35,0t
CO, emission after the refurbishment 15,8t
CO, emission reduction 55%

The indoor temperature is hourly monitored and Figure 6 shows an example of the available

information.
Medeltemperatur byggnad @ v
Temperaturspridning Varmekurva

30% = Visa ki 00 : 23 c Framledning v Ve

20% -
3
.
g 2
a
g M
g1

g

0% F]
< 18
£
B o

.. i

18°C Z1°C
15
- = Utomhustemperatur
19,7 °C 21,0 °C

. Max P95 === Medel Ps Min
Medeltemperatur Maltemperatur

Figure 6 Example of indoor temperature monitoring in Slaughterhouse, Stockholm. Reference
period: September 2018.

Table 31 KPIs evaluated for M1.0 Slaughterhouse (Stockholm)

KPI Baseline Post-retrofitting Variation
1. Heat energy required (kWh) per year and 346 791 150010 -57%
month normalized for climatic conditions.

2. Cooling energy required (kWh) per year and - - -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 12 000 41 085 +242%
month.
4. CO2 emissions due to heating energy 34,3 13,2 -61 %

demand (t/year)

5. CO2 emissions due to cooling energy - - -
demand (t/year)

6. CO2 emissions due to electric energy 0.8 2.6 +242 %

demand (t/year)

Total purchased energy -47%

Kylhuset
The interventions carried out in Kylhuset includes:
e A new air handling unit with a rotary heat exchanger and new automation system
e New PV cells on roof
e EnergyHUB and battery storage
¢ New membrane and insulation on roof
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e Waste heat recovery from data center (in a building nearby)

The installed technology includes waste heat recovery to district heating, a new air handling
unit, roof insulation, PV panels and a battery storage system. The total conditioned area is

3405m?.

The obtained results are reported in Table 32, Table 33 and Table 34. In particular, Table 32
shows the baseline values measured over 2016, while Table 33 reports the summary of the
measurements performed after the refurbishment. Table 34 shows the results in terms of
achieved energy savings. The content reported in the following tables is based on monthly

values.

Table 32 Baseline evaluated for M1.0 Kylhuset (Stockholm)

Baseline 2016-01-01 Units KPI Units
2016-12-31
District heating (space heating and 356 140 | kWh 105 | kWh/m?
hot water)
Purchased electricity 150 160 | kWh 44 | kWh/m?
Total purchased energy 506 300 | kWh 149 | kWh/m?
Table 33 Energy use after refurbishment for M1.0 Kylhuset (Stockholm)
After refurbishment 2018-01-01 Units KPI Units
2018-12-31
District heating (space heating 243 036 | kWh 71 | kWh/m?
and hot water)
Purchased electricity 123 160 | kWh 36 | kWh/m?
Total purchased energy 366 196 | kWh 108 | kWh/m?
Produced solar energy 12 000 | kWh 4 | kWh/m?
Energy recovered from data 205 000 | kWh 60 | kWh/m?
center
Total consumed energy 173 196 | kWh 51 | kWh/m?
Table 34 Energy use variation for M1.0 Kylhuset (Stockholm)
Results Variation
Space heating and domestic hot water -32%
Purchased electricity -18%
Total purchased energy -28%

Table 35 shows the results related to the estimated CO, savings obtained with the

refurbishment of Kylhuset.

Table 35 CO2 emission for M1.0 Kylhuset (Stockholm)

CO, emissions Value
CO, emission before the refurbishment 42,6t
CO, emission after the refurbishment 30.3t

CO, emission reduction

29%
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Figure 7 shows the Energy Signature of Kylhuset. It is worth noticing that the figure includes
the aggregated data from 3 buildings and not only from Kylhuset “Building A”. The CO2
emission coefficient adopted for the District Heating energy consumption is 93.1 g/kWh.
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Figure 7 Energy signature for Kylhuset in Stockholm
Table 36 KPIs evaluated for M1.0 Kylhuset (Stockholm)
KPI Baseline Post-retrofitting Variation
1. Heat energy required (kWh) per year and 356 140 243 036 -32%
month normalized for climatic conditions.
2. Cooling energy required (kWh) per year and - - -
month normalized for climatic conditions.
3. Electric energy required (kWh) per year and 150 160 123 160 -18 %
month.
4. CO2 emissions due to heating energy 33.1 22.6 -31.7 %
demand (t/year)
5. CO2 emissions due to cooling energy - - -
demand (t/year)
6. CO2 emissions due to electric energy 9.4 7.7 -18%
demand (t/year)

Total purchased energy -28%

www.grow-smarter.eu | D5.4 Final report on results of technical and social validation



http://www.grow-smarter.eu/

Cologne

jlngrowSmarter

Industry partner

Contact person

Validation partner

RheinEnergie

Dewog

Andreas Wolba
Christian Remacly
André Esser

KTH-EGI

www.grow-smarter.eu |

In Cologne the Measures related to building renovation and improvement have been
implemented in the neighbourghood of Stegerwaldsiedlung, which includes 16 buildings,
under the coordination of RheinEnergie.

Dewog has insulated the building envelopes, basement ceilings and roofs. Triple glazed
windows have been installed in some of the buildings. The total renovated area is about 44000
m? (about 33500 m? of living area).

Table 37 Measures evaluated by RheinEnergie within WP2

Type | 1.0 | 1.1.1 1.1.5 1.1.8 119 | 411 4.1.2
Deutz-Milheimerstr 152-168 2 X X X* X
Deutz-Miilheimerstr 170-182 2 X X X* X
Gaulstr 2-4 2 X X X* X
Legienstr 2-10 1 X X X* X
Sonnenscheinstr 1-3 3 X X X* X
Legienstr 1-7 1 X X X* X
Edith-Steinstr 2-6 1 X X X X* X
Edith-Steinstr 1-7 1 X X X X X* X
Sonnenscheinstr 2-8 3 X X X* X
Adam-Stegerwaldstr 16-26 1 X X X X X* X
Adam-Stegerwaldstr 11-17 3 X X X X* X
Adam-Stegerwaldstr 19-25 3 X X X X X* X
Edith-Steinstr 14-16 2 X X X* X
Edith-Steinstr 18-22 X X X* X
Ulitzkastr 1 4 X X X X
Edith-Steinstr 26-34 1 X X X* X

*Results not available

Monitoring systems started being operative at the beginning of 2018 for the first and second
construction phases. Among the devices installed for the monitoring system there are
temperature sensors, electricity and heat meters for heat pumps, heat meters for district
heating in each building and space heating meters. In fact, all activities related to the
monitoring are part of Measure M4.1 by RheinEnergie.
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The energy consumptions have been corrected for ambient conditions (heating degree day
correction). The total electricity consumption results from the consumptions of the tenants
and the public electricity. For the Baseline they have been measured by meters and in the post-
refurbishment period.

The calculation model “EnEv” has been used to provide uniform and comparable evaluation of
energy consumption’®. In particular, the EnEV values were taken as a solution to provide
realistic preliminary figures.

With reference to Table 37, Figure 8 shows the map of the buildings involved in Cologne within
WP2.

2BA

Figure 8 Map of the buildings involved in Cologne within WP2.

The 16 buildings have been assigned to different groups (see type in Table 37). The type
assignment is independent of the construction stages and is based on the different renovation
Measures.

—
D

e ' http://www.gbpn.org/databases-tools/bc-detail-pages/germany
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The buildings have an ETICS (External Thermal Insulation Composite System) of 60mm
thickness, new windows and new doors. The buildings have a roof extension and an insulation
of the basement ceiling as well as a heat supply via district heating and air/water heat pumps.

Type 2
The buildings are similar to type 1 with a new ETICS of 160mm thickness.
Type 3

The buildings do not have a roof extension but only a new ETICS of 160mm thickness, as well
as an insulation of the basement and top floor ceiling. The heat supply is also provided by
district heating and air/water heat pumps.

Type 4

This type is a building which has been removed from type 2 and is equipped with a new
condensing heating system including heat water in the existing building. Also new windows
and doors have been installed in the existing building. The building also has a new ETICS of
160mm thicknes

In the following, the results of final energy consumptions are summarized for all the 16
buildings involved. The calculated values related to 2015 are considered as baseline.

The following paragraphs present the KPIs evaluated within M1.0 for the buildings of
Stegerwaldsiedlung (Table 37) refurbished within the Project. It is worth noticing that the
refurbished area is relatively large and a measurement campaign was carried out in 2018. By
then not all the refurbishment works were completed and the results are not available. It is
also important to mention that in Germany the adoption of smart-meters have been delayed
due to legislative issues and the measurement of building energy consumption is officially
available only once per year (tipically in December). For all these reasons, the hourly
measurements prescribed by the Evaluation Plan D5.4 are unfortunately not available and the
KPls presented have been calculated considering an extra ordinary measurement campaing
carried out in October 2019. The energy signature charts (based on monthly values) are also
not available. The results are therefore evaluated considering the Mesured values for less than
one year, between January and October 2019, extrapolated to 12 months following the German
standard. Worth noticing, in the tables presented in the following paragraphs the electricity is
the bought energy from the grid, which is less than the used energy due to the contribution
of the PV production.

It worth also to notice that in only four of the buildings the heat pumps installed have been
equipped with dedicated energy meters to track the electricity consumption. For this reason
the purchased energy can only be estimated considering the measured heat from the heat
pumps and an average Coefficient of Performance (COP). The average COP from the four
monitored heat pump units is 2.5.

Despite the fact that the official CO2 emission factors for 2015 (baseline) and 2019 (year of
the evaluation) changed from 0.431 to 0.306 kg/kWh, respectively, the calculation of the CO2
emission KPIs has been carried out considering an average value of 0.368 in order to better
highlight the impact of the refurbishments. Nevertheless, the results of the CO2 emissions
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presented in the following tables could not be validated. A summary of the results is available
in Table 146.

Deutz-Miillheimerstr 152-168

In addition to the energetic renovation, the roof was extended and 14 new apartments were
created.

Table 38 KPIs evaluated for M1.0 Deutz-Miilheimerstr 152-168 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation
1.0 Heat energy required (kWh) per year and 385601 325662 -16%
month normalized for climatic conditions.

1.0 in kWh/m? 98 69 -30%
1.1 Heat Pump (kWh) 19928,5 -
1.2 Gas (kWh) 385600,5 -
1.3 District heating (kWh) 305733,5 -
2. Cooling energy required (kWh) per year and -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 105191 111970,5 6%
month.

3.0 kWh/m? 26,7 23,7 -11%
4. CO2 emissions due to heating energy 79,4 31,2 -61%
demand (t/year)*

5. CO2 emissions due to cooling energy -
demand (t/year)

6. CO2 emissions due to electric energy 38,7 41,3 6%
demand (t/year)*

Total bought energy (kWh) 490791,5 437633 -11%
Total bought energy (kWh/m?) 125 93 -26%

CO, Emission

t CO,
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100
80
60
40

20

2015 2019

Figure 9 Total CO, emissions for Deutz-Miilheimerstr 152-168 in Cologne*

*Results not validated
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Deutz-Miilheimerstr 170-182

In addition to the energetic renovation, the roof was extended and 13 new apartments were
created.

Table 39 KPIs evaluated for M1.0 Deutz-Miilheimerstr 170-182 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation
1.0 Heat energy required (kWh) per year and 585461 321589 -45%
month normalized for climatic conditions.

1.0 in kWh/m? 1450 66 -54%
1.1 Heat Pump (kWh) - 73776,1 -
1.2 Gas (kWh) 585461 - -
1.3 District heating (kWh) - 247813,2 -

2. Cooling energy required (kWh) per year and - - -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 104004 34877,9 -66%
month.

3.0 kWh/m? 25,8 7,2 -72%
4. CO2 emissions due to heating energy 120,6 46,5 -61%

demand (t/year)*

5. CO2 emissions due to cooling energy - -
demand (t/year)

6. CO2 emissions due to electric energy 38,3 12,8 -66%
demand (t/year)*

Total bought energy (kWh) 689465 356467 -48%
Total bought energy (kWh/m?) 171 74 -57%

CO2 Emission

t CO,

160
140
120
100
80
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40
20
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Figure 10 Total CO, emissions for Deutz-Miilheimerstr 170-182 in Cologne*

*Results not validated
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GaulBstr 2-4

In addition to the energetic renovation, the roof was extended and 4 new apartments were

created.

Table 40 KPIs evaluated for M1.0 GauRstr 2-4 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation
1.0 Heat energy required (kWh) per year and 120782 78275 -35%
month normalized for climatic conditions.

1.0 in kWh/m? 87 47 -46%
1.1 Heat Pump (kWh) 12347,6 -
1.2 Gas (kWh) 120782 -
1.3 District heating (kWh) 65927,3 -
2. Cooling energy required (kWh) per year and -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 36577 22306,4 -39%
month.

3.0 kWh/m? 26,5 13,5 -49%
4. CO2 emissions due to heating energy 24,9 9,6 -61%
demand (t/year)*

5. CO2 emissions due to cooling energy -
demand (t/year)

6. CO2 emissions due to electric energy 13,4 8,2 -39%
demand (t/year)*

Total bought energy (kWh) 157359 100581 -36%
Total bought energy (kWh/m?) 114 61 -47%

CO2 Emission

t CO,
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20
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Figure 11 Total CO, emissions for GauBstr 2-4 in Cologne*

*Results not validated
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Legienstr 2-10

In addition to the energetic renovation, the roof was extended and 10 new apartments were

created.

Table 41 KPIs evaluated for M1.0 Legienstr 2-10 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation
1.0 Heat energy required (kWh) per year and 236265 207812 -12%
month normalized for climatic conditions.

1.0 in kWh/m? 86 63 -27%
1.1 Heat Pump (kWh) 14604,4 -
1.2 Gas (kWh) 236264,8 -
1.3 District heating (kWh) 193207,3 -
2. Cooling energy required (kWh) per year and -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 71436,00 55211,6 -23%
month.

3.0 kWh/? 26,3 16,8 -36%
4. CO2 emissions due to heating energy 48,7 20,4 -58%
demand (t/year)*

5. CO2 emissions due to cooling energy -
demand (t/year)

6. CO2 emissions due to electric energy 26,3 20,3 -23%
demand (t/year)*

Total bought energy (kWh) 307701 263023 -15%
Total bought energy (kWh/m?) 112 80 -29%

CO2 Emission
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Figure 12 Total CO, emissions for Legienstr 2-10 in Cologne*

*Results not validated
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Sonnenscheinstr 1-3

Measurements revealed an increase of the total energy consumption. The reason for this
increase is currently unknown.

Table 42 KPIs evaluated for M1.0 Sonnenscheinstr 1-3 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation
1.0 Heat energy required (kWh) per year and 697394,1 734692 5%
month normalized for climatic conditions.

1.0 in kWh/m? 111 117 5%
1.1 Heat Pump (kWh) - 83556 -
1.2 Gas (kWh) 697394,1 - -
1.3 District heating (kWh) - 651136,3

2. Cooling energy required (kWh) per year and - - -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 170096,0 30373 -82%
month.

3.0 kWh/m? 27,14 4,8 -82%
4. CO2 emissions due to heating energy 143,6 81,6 -43%

demand (t/year)*

5. CO2 emissions due to cooling energy - - -
demand (t/year)

6. CO2 emissions due to electric energy 62,7 11,2 -82%
demand (t/year)*

Total bought energy (kWh) 867490,1 765065 12%
Total bought energy (kWh/m?) 138 122 12%

CO2 Emission

t CO,
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Figure 13 Total CO, emissions for Sonnenscheinstr 1-3 in Cologne*

*Results not validated
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Legienstr 1-7

In addition to the energetic renovation, the roof was extended and 8 new apartments were

created.

Table 43 KPIs evaluated for M1.0 Legienstr 1-7 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation
1.0 Heat energy required (kWh) per year and 414294,6 220404 -47%
month normalized for climatic conditions.

1.0 in kWh/m? 169,9 75 -56%
1.1 Heat Pump (kWh) 3567,1

1.2 Gas (kWh) 414294,6 -
1.3 District heating (kWh) 216837,1

2. Cooling energy required (kWh) per year and

month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 59696 69861,9 17%
month.

3.0 kWh/m? 24,5 23,9 -2%
4. CO2 emissions due to heating energy 85,3 18,2 -79%
demand (t/year)*

5. CO2 emissions due to cooling energy -
demand (t/year)

6. CO2 emissions due to electric energy 22 25,7 -17%
demand (t/year)*

Total bought energy (kWh) 473991 290266 -39%
Total bought energy (kWh/m?) 194 99 -49%

CO2 Emission
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Figure 14 Total CO, emissions for Legienstr 1-7 in Cologne*

*Results not validated

www.grow-smarter.eu | D5.4 Final report on results of technical and social validation

36


http://www.grow-smarter.eu/

jlfLGrowSmarter

ansforming cities for a smart, sustainable Europe

Edith-Steinstr 2-6

In addition to the energetic renovation, the roof was extended and 6 new apartments were
created.

Table 44 KPIs evaluated for M1.0 Edith-Steinstr 2-6 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation

1. Heat energy required (kWh) per year and 135620 113248 -16%
month normalized for climatic conditions.

1.0 kWh/m? 84,1 59 -30%
1.1 Heat Pump (kWh) - 10340,4 -
1.2 Gas (kWh) 135619,7 - -
1.3 District heating (kWh) - 102907,4

2. Cooling energy required (kWh) per year and - - -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 32732,0 23372,6 -29%
month.

3.0 kWh/m? 20,3 12,1 -40%
4. CO2 emissions due to heating energy 27,9 11,8 -58%

demand (t/year)*
5. CO2 emissions due to cooling energy - - -
demand (t/year)

6. CO2 emissions due to electric energy 12,1 8,6 -29%
demand (t/year)*

Total bought energy (kWh) 168352 136620 -19%
Total bought energy (kWh/m?) 104 71 -32%

CO2 Emission
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Figure 15 Total CO, emissions for Edith-Steinstr 2-6 in Cologne*

*Results not validated
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Edith-Steinstr 1-7

In addition to the energetic renovation, the roof was extended and 8 new apartments were

created.

Table 45 KPIs evaluated for M1.0 Edith-Steinstr 1-7 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation
1. Heat energy required (kWh) per year and 249650,4 197868 -21%
month normalized for climatic conditions.
1.0 kWh/m? 102 67 -34%
1.1 Heat Pump (kWh) 13654,2 -
1.2 Gas (kWh) 249650,4 -
1.3 District heating (kWh) 184214 -
2. Cooling energy required (kWh) per year and -
month normalized for climatic conditions.
3. Electric energy required (kWh) per year and 68321,0 42291,8 -38%
month.

27,8 14,3 -48%
4. CO2 emissions due to heating energy 51,4 19,4 -62%
demand (t/year)*
5. CO2 emissions due to cooling energy -
demand (t/year)
6. CO2 emissions due to electric energy 25,2 15,6 -38%
demand (t/year)*
Total bought energy (kWh) 317971 240160 -24%
Total bought energy (kWh/m?) 129 81 -37%

CO2 Emission
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Figure 16 Total CO, emissions for Edith-Steinstr 1-7 in Cologne*

*Results not validated
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Sonnenscheinstr 2-8

Table 46 KPIs evaluated for M1.0 Sonnenscheinstr 2-8 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation

1. Heat energy required (kWh) per year and 294218 121204 -59%
month normalized for climatic conditions.

1.0 kWh/m? 126 52 -59%
1.1 Heat Pump (kWh) 24984,1 -
1.2 Gas (kWh) 249650,4 -
1.3 District heating (kWh) 96219,7 -
2. Cooling energy required (kWh) per year and -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 68763,0 18885,9 -73%
month.

3.0 kWh/m? 29,4 8,1 -73%
4. CO2 emissions due to heating energy 60,6 16,7 -72%
demand (t/year)*

5. CO2 emissions due to cooling energy -
demand (t/year)

6. CO2 emissions due to electric energy 25,3 6,9 -73%
demand (t/year)*

Total bought energy (kWh) 362981 140090 -61%
Total bought energy (kWh/m?) 155 60 -61%
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Figure 17 Total CO, emissions for Sonnenscheinstr 2-8 in Cologne*

*Results not validated
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Adam-Stegerwaldstr 16-26

In addition to the energetic renovation, the roof was extended and 12 new apartments were

created.

Table 47 KPIs evaluated for M1.0 Adam-Stegerwaldstr 16-26 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation

1. Heat energy required (kWh) per year and 363193 231147 -36%
month normalized for climatic conditions.

1.0 kWh/m? 104 55 -47%
1.1 Heat Pump (kWh) 37300,7 -
1.2 Gas (kWh) 363193,0 -
1.3 District heating (kWh) 193846,3 -
2. Cooling energy required (kWh) per year and -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 87059,0 57338,3 -34%
month.

3.0 kWh/m? 24,97 13,7 -45%
4. CO2 emissions due to heating energy 74,8 28,8 -61%
demand (t/year)*

5. CO2 emissions due to cooling energy -
demand (t/year)

6. CO2 emissions due to electric energy 32,1 21,1 -34%
demand (t/year)*

Total bought energy (kWh) 450252 288485 -36%
Total bought energy (kWh/m?) 129 69 -47%

CO2 Emission
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Figure 18 Total CO, emissions for Adam-Stegerwaldstr 16-26 in Cologne*

*Results not validated
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Adam-Stegerwaldstr 11-17

Table 48 KPIs evaluated for M1.0 Adam-Stegerwaldstr 11-17 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation

1. Heat energy required (kWh) per year and 334280,4 163049 -51%
month normalized for climatic conditions.

1.0 kWh/m? 143,1 70 -51%
1.1 Heat Pump (kWh) 7332 -
1.2 Gas (kWh) 334280,4 -
1.3 District heating (kWh) 155716,9 -
2. Cooling energy required (kWh) per year and -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 65821,0 45398,0 -31%
month.

3.0 kWh/m? 28,2 19,4 -31%
4. CO2 emissions due to heating energy 68,8 14,8 -78%
demand (t/year)*

5. CO2 emissions due to cooling energy -
demand (t/year)

6. CO2 emissions due to electric energy 24,2 16,7 -31%
demand (t/year)*

Total bought energy (kWh) 400101,4 208447 -48%
Total bought energy (kWh/m?) 171 89 -48%
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Figure 19 Total CO, emissions for Adam-Stegerwaldstr 11-17 in Cologne*

*Results not validated
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Adam-Stegerwaldstr 19-25

Table 49 KPIs evaluated for M1.0 Adam-Stegerwaldstr 19-25 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation

1. Heat energy required (kWh) per year and 267695,4 137123 -49%
month normalized for climatic conditions.

1.0 kWh/m? 115 59 -49%
1.1 Heat Pump (kWh) 23099 -
1.2 Gas (kWh) 267695 ,4 -
1.3 District heating (kWh) 114024,4 -
2. Cooling energy required (kWh) per year and -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 59902,0 21892 -63%
month.

3.0 kWh/m? 25,6 9,4 -63%
4. CO2 emissions due to heating energy 55,1 17,4 -68%
demand (t/year)*

5. CO2 emissions due to cooling energy -
demand (t/year)

6. CO2 emissions due to electric energy 22,1 8,1 -63%
demand (t/year)*

Total bought energy (kWh) 327597 159015 -51%
Total bought energy (kWh/m?) 140 68 -51%
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Figure 20 Total CO, emissions for Adam-Stegerwaldstr 19-25 in Cologne*

*Results not validated
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Edith-Steinstr 14-16

In addition to the energetic renovation, the roof was extended and 12 new apartments were
created. This building have been completed at the beginning of 2019.

Table 50 KPIs evaluated for M1.0 Edith-Steinstr 14-16 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation

1. Heat energy required (kWh) per year and 228368 149043 -35%
month normalized for climatic conditions.

1.0 kWh/m? 141 77 -46%
1.1 Heat Pump (kWh) 1276 -
1.2 Gas (kWh) 228367,6 -
1.3 District heating (kWh) 147767,3 -
2. Cooling energy required (kWh) per year and -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 62427,0 53351 -15%
month.

3.0 kWh/m? 38,5 27,4 -29%
4. CO2 emissions due to heating energy 47 12 -75%
demand (t/year)*

5. CO2 emissions due to cooling energy -
demand (t/year)

6. CO2 emissions due to electric energy 23 19,6 -38%
demand (t/year)*

Total bought energy (kWh) 290795 202394 -30%
Total bought energy (kWh/m?) 179 104 -42%

CO2 Emission

t CO,

80
70
60
50
40
30
20
10

2015

2019

Figure 21 Total CO, emissions for Edith-Steinstr 14-16 in Cologne*

*Results not validated
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Edith-Steinstr 18-22

In addition to the energetic renovation, the roof was extended and 6 new apartments were
created. This building have been completed at the beginning of 2019.

Table 51 KPIs evaluated for M1.0 Edith-Steinstr 18-22 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation

1. Heat energy required (kWh) per year and 228964,5 178392 -22%
month normalized for climatic conditions.

1.0 kWh/m? 119 77 -35%
1.1 Heat Pump (kWh) - 10,9 -
1.2 Gas (kWh) 228964,5 - -
1.3 District heating (kWh) - 178381,23 -

2. Cooling energy required (kWh) per year and - - -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 56986,0 55635,1 -2%
month.

3.0 kWh/m? 29,7 24,1 -19%
4. CO2 emissions due to heating energy 47,2 13,9 -70%

demand (t/year)*
5. CO2 emissions due to cooling energy - - -
demand (t/year)

6. CO2 emissions due to electric energy 24,6 17 -31%
demand (t/year)*

Total bought energy (kWh) 285950 234027 -32%
Total bought energy (kWh/m?) 149 102 -18%
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Figure 22 Total CO, emissions for Edith-Steinstr 18-22 in Cologne*

*Results not validated
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Ulitzkastr 1

A new gas condensing boiler was installed in Ulitzkastr. 1 shortly before the beginning of the
project. Measurements revealed an increase of the total energy sonsumption. The reasons of

this increase is currently unknown.

Table 52 KPIs evaluated for M1.0 Ulitzkastr 1 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation

1. Heat energy required (kWh) per year and 161296 185436 15%
month normalized for climatic conditions.

1.0 kWh/m? 77 88 15%
1.1 Heat Pump (kWh) -
1.2 Gas (kWh) 161295,5 185436,4 15%
1.3 District heating (kWh) -
2. Cooling energy required (kWh) per year and -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 70803 73573 4%
month.

3.0 kWh/m? 33,7 35,0 4%
4. CO2 emissions due to heating energy 33,2 38,2 15%
demand (t/year)*

5. CO2 emissions due to cooling energy -
demand (t/year)

6. CO2 emissions due to electric energy 26,1 27,1 4%
demand (t/year)*

Total bought energy (kWh) 232099 259009 12%
Total bought energy (kWh/m?) 110 123 12%
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Figure 23 Total CO, emissions for Ulitzkastr 1 in Cologne*

*Results not validated
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Edith-Steinstr 26-34

In addition to the energetic renovation, the roof was extended and 10 new apartments were
created. This building has been completed at the beginning of 2019.

Table 53 KPIs evaluated for M1.0 Edith-Steinstr 26-34 (Cologne)

KPI (values are estimated) Baseline Post-retrofitting Variation

1. Heat energy required (kWh) per year and 315929,3 354756 12%
month normalized for climatic conditions.

1.0 kWh/m? 103 97 -6%
1.1 Heat Pump (kWh) 2809,7 -
1.2 Gas (kWh) 315929,3 -
1.3 District heating (kWh) 351946,3 -
2. Cooling energy required (kWh) per year and -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 77475 60707,3 -22%
month.

3.0 kWh/m? 25,4 16,6 -35%
4. CO2 emissions due to heating energy 65 28,5 -56%
demand (t/year)*

5. CO2 emissions due to cooling energy -
demand (t/year)

6. CO2 emissions due to electric energy 28,5 22,4 -22%
demand (t/year)*

Total bought energy (kWh) 393404 415463 6%
Total bought energy (kWh/m?) 129 113 -12%

CO2 Emission
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100
80
60
40

20
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2019

Figure 24 Total CO, emissions for Edith-Steinstr 26-34 in Cologne*

*Results not validated
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e—e e Transformin
Barcelona
Industry partner Contact person Validation partner
Naturgy Helena Gibert (Naturgy) KTH-EGI
IREC Alaia Sola (IREC)
Barcelona Municipality

Under the coordination of IREC, Naturgy and Barcelona Municipality, 10 buildings have been
involved in refurbishment interventions.

Table 54 Measures evaluated by Naturgy in Work Package 2

1.0 | 1.1.10.1 | 1.1.10.2 | 1.1.11 | 3.1.3 | 4.2 | 6.2
Canyelles X X X X
Ter 31 X X X X
Lope de Vega X X X X
Melon District X X X
Sibelius 3 X X
Meridiana 141 X X
Hotel H10 Madison X X X X
CEM Claror X X X
Escola Sert X X
Monestir de Valldonzelles X X
Barceloneta X

Table 55 Measures evaluated by IREC in Work Package 2

1.0 | 1.19 1.1.10.1 1.1.10.2 | 6.3 | 3.1
Passeig Santa Coloma X X
Virtual Energy Advisor X
Cal’Alier X X
Library Les Corts X X X X

Ca I’Alier (IREC)

The building Ca I’Alier has been transformed from an abandoned textile factory acquired by
the Municipality to an R&D center for Smart Cities and the Internet of Things. The building
renovation finished in April 2018, but first occupancy and use started only in August 2018.
The building is fully functional only starting from September 2018. Due to the singularity of
Ca I’Alier building, Barcelona City Council has promoted the evaluation of the performance of
this building by subcontracting different studies. In November 2018, Ca I’Alier building
obtained the LEED (Leadership in Energy and Environmental Design) certificate in its PLATINUM
category.

www.grow-smarter.eu | D5.4 Final report on results of technical and social validation



http://www.grow-smarter.eu/

Al GrowSmarter

Since the building was previously abandoned, no baseline could be measured but, instead, a
simulation was performed considering standard construction criteria (minimum requirements
of Spanish Building Technical Code 2018) and making hypotheses about the use of the
building. The total conditioned area after the refurbishment is 2100 m?.

The District Heating and Cooling and electricity consumptions are currently monitored on an
hourly basis but the available data is not including yet a complete year. The monthly energy
consumption of District Heating and District Cooling per unit of surface are plotted for the
period September 2018 - July 2019. The BEMS monitoring started in August 2018 and includes
the hourly data of electricity, indoor temperature, indoor relative humidity, and district heating
and cooling. Outdoor temperature of Barcelona airport weather station is used for the
normalization of building energy consumption data and the Energy Signature Method.

The Energy Signature of Ca I’Alier with the available actual data is shown in Figure 13 and
Figure 14. Table 57 shows the results obtained in the Project.

Indicator Baseline Post-retrofitting
(simulation)

Heating degree day 796 647

Cooling degree day 389 425

Surface (m2) 2173 2100

District Heating consumption (kWh/m?2)
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Figure 25 Energy signature of Ca I’Alier: district heating consumption
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Figure 26 Energy signature of Ca I’Alier: district cooling consumption
Table 56 Final Energy Consumption M1.0 Ca I’Alier, Barcelona
Indicator (normalized for climate conditions) | Baseline After Units Variation
(simulation) | retrofit
Annual final energy consumption for SPACE 91062 124481 | kWh/year +36.7%
HEATING
Annual final energy consumption for SPACE 41.90 59.28 | kWh/m?2 +41.5 %
HEATING per unit of surface
Annual final energy consumption for SPACE 31530 n/a | kWh/year n/a
COOLING per unit of surface
Annual final energy consumption for SPACE 14.51 n/a | kWh/m2 n/a
COOLING per unit of surface
Table 57 KPIs evaluated for M1.0 Ca I‘Alier (Barcelona)
KPI (normalized for climate conditions) Baseline | Post- Units Variation
retrofitting
1. Heat energy required (kWh) per year and 41.9 59.3 | kWh/m?2 +41.5 %
month normalized for climatic conditions.
2. Cooling energy required (kWh) per year and 14.5 n/a | kWh/m?2 n/a
month normalized for climatic conditions.
3. Electric energy required (kWh) per year and | 176 917 144 398 | kWh/year -18%
month.
4. CO2 emissions due to heating energy 10.5 1.6 | kg -84 %
demand C02/m2
5. CO2 emissions due to cooling energy 4.80 n/a | kg n/a %
demand C02/m2
6. CO2 emissions due to electric energy 59 48 | ton -19%
demand CO2/year

The building is still under commissioning and currently shows a high energy demand
compared to the forecasted energy demand for a nearly-zero energy building. Data collected
through the monitoring system is inconsistent. An observed innacurate energy management
explains why it does not fulfill the objectives set for building energy consumption. This may

be justified as follows:
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- No activation of advanced Building energy management systems: the predicted
adaptive control of the HVAC and lighting systems has not been put into practice to
date, but common control strategies have been applied (on/off schedule).

- Different schedules for HVAC compared to baseline: A strange behavior of indoor
temperature was observed in some rooms during the analysis of data. Thanks to the
high-frequency monitoring performed, it was observed that an inaccurate control was
being applied. Empty rooms were being heated out of the occupation hours of the
building. Also, the current occupation of the building has been changed from a regular
office-hours schedule to 24x7, due to the permanent presence of security personnel.
In contrast, the simulations performed to build the baseline building assumed common
office hours for the operation of HVAC system (8am-8pm) which lead to lower energy
consumption for heating and cooling.

Wrong installation of fan coils: As an output of data analysis, it was also detected that there is
an excess of ventilation power installed in one section of the building, which claims for flow
adjustment of fan coils. In addition, it was also detected a wrong installation of Fan Coils in
some rooms, making part of the supply flow go into the false ceiling and therefore become
wasted. This detected deficiency is in process of being corrected by the building general
manager.

Nevertheless, it is worth mentioning that even if the district heating final energy consumed for
space heating of the building is higher than the final energy consumed in the baseline
simulations (in the form of natural gas), calculations show a reduction of 83% of CO2 emissions
due to space heating on annual basis. This is due to a much less pollutant energy source
selected in the building retrofitting (district heating that recovers waste heat) in front of the
traditional natural gas heating system in the baseline.

Library Les Corts (IREC)

Library Les Corts is an example of integral refurbishment of a municipality-owned industrial
building in Barcelona. Three adjacent buildings have been retrofitted to become a new public
library. The previous existing buildings were a former industrial building lately used as a
warehouse and 2 former offices buildings (unused for some years).

In November 2018, the building obtained the BREEAM certification with a “Very Good” score,
being the first public building owned by the Municipality to obtain this certification. This
proves that this public building retrofitting action has been done by specifically following
sustainability criteria.

Since the building was previously partly used as a warehouse and partly unused, no baseline
could be measured but, instead, a simulation was performed considering standard
construction criteria and the current use of the building as a Library. For these reasons, Table
58 and Table 59 show simulation results for the baseline. The gas and electricity consumptions
are currently monitored on an hourly basis. Worth mentioning, there is no domestic hot water
use in this building. The total conditioned area after the refurbishment is 4005 m?.

Table 58 Final Energy Consumption M1.0 Library Les Corts, Barcelona

Indicator (normalized for climate Baseline After retrofit | Units Variation
conditions) (simulation)

Annual gas energy consumption for SPACE 204354 115747 | kWh/year -43.4%
HEATING
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HEATING per unit of surface

Annual gas energy consumption for SPACE 54.92 28.90 | kwh/m2 -47.9 %
HEATING per unit of surface

Electricity consumption for SPACE 72538 68910 | kWh/year

COOLING -5.0%
Annual electricity consumption for SPACE 19.49 17.21 | kWh/m2 -11.7%
COOLING per unit of surface

Annual gas energy consumption for SPACE 204354 115747 | kWh/year -43.4%
HEATING

Annual gas energy consumption for SPACE 54.92 28.90 | kwh/m2 -47.9 %

Table 59 shows the obtained results related to the estimated CO2 saving obtained with the

refurbishment of Library Les Corts

Table 59 CO, emissions M1.0 Library Les Corts, Barcelona

Indicator (normalized for climate Baseline After retrofit | Units Variation
conditions) (simulation)

CO2 emissions due to heating energy 51.5 29.2 | ton/year -43.4 %
demand

Annual CO2 emissions due to heating per 13.84 7.28 | kg -47.9%
unit of surface C02/m2

CO2 emissions due to cooling energy 24.0 22.8 | ton/year -5.0%
demand

Annual CO2 emissions due to cooling per 6.45 5.70 | kg -11.7%
unit of surface C02/m2

The Energy Signature method of Library Les Corts with the available monitored data is shown

in Figure 27.

Table 60 shows the KPIs of Library Les Corts required by the Evaluation Plan and based on the

obtained set of data.

Table 60 KPIs evaluated for M1.0 Library Les Corts (Barcelona)

KPI (normalized for climate conditions) Baseline | Post- Units Variation
retrofitting

1. Heat energy required (kWh) per year and 54.9 28.9 | kWh/m?2 -47.9 %

month

2. Cooling energy required (kWh) per year 19.5 17.2 | kWh/m2 -11.7%

and month.

3. Electric energy required (kWh) per year n/a 251123 | kWh/year n/a

and month.

4. CO2 emissions due to heating energy 13.84 7.28 | kg CO2/m2

demand -47.9%

5. CO2 emissions due to cooling energy 6.45 5.70 | kg CO2/m?2 -11.7%

demand

6. CO2 emissions due to electric energy n/a 83.1 | ton n/a

demand CO2/year

Total primary energy -28.4%
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Figure 27 Energy signature of Library Les Corts: electricity consumption
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The retrofitted building is able to reduce by 48% the gas consumption for space heating on an
annual basis compared to the simulated baseline building. The reduction of the cooling
consumption is lower, i.e. 11% reduction (after normalization for climatic conditions). In the
cooling period, the lack of building envelope insulation in baseline simulations helps to
evacuate the heat generated by the internal gains through the enclosures. Therefore, the
impact of energy efficiency measures shows to be lower for space cooling rather than space
heating. In total primary energy terms, the building is able to reduce its energy consumption
by 28.4% on an annual basis.

Passeig Santa Coloma - Big Blue (IREC)

The building retrofitting works started in February 2017 and finished in December 2017. The
baseline period is 2016. The data considered as post-retrofitting starts from 2018.

The total conditioned area is 14165 m? Among a total of 207 dwellings, 21 dwellings
participated in the monitoring campaigns and surveys done before and after the retrofitting.
The monitoring of gas consumption includes space heating and the auxiliary heating of
domestic hot water. The domestic hot water is mainly produced by the solar thermal system
installed in the building. A total of 4 dwellings are monitored 24/7 since April 2017 but they
were not monitored for the baseline measurements. Therefore, the monitored data of this 4
dwellings must be compared against invoice data for baseline period.

The baseline for an average dwelling in this building is built by calculating the average
consumption from the gas invoices related to year 2016 considering 9 of the 21 dwellings
involved in this study. The resulting baseline is pictured in Figure 28 and shows the Energy
Signature of the average dwelling of Passeig Santa Coloma building. The differences in
dwelling surface are not significant, thus energy consumption is not normalized by unit of
surface. The baseline figures will be compared to the resulting average dwelling consumption
related to year 2018 (post-retrofitting status).
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Figure 28 Energy signature of Passeig Santa Coloma
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Table 61 shows the primary energy and emission factors from the Ministry of Energy of Spain.

Table 61 Emission and primary energy factors M1.0 Passeig Santa Coloma, Barcelona

Primary energy factor (kWh primary | Emission factor

energy/kWh final energy)

(kg CO2/kWh
final energy)

Gas 1.195 0.252
Electricity 2.368 0.331
. 12

o~

£ °

= 10 o ®

=

=

é 8 o . .

o °

E s .

2

5 °

> 4 ° L I

g °

o 2 0% g °

v

[1+]

U]

0
0 5 10 15 20 25 30

Qutdoor Average Temperature (2C)

@ Entire building (baseline) @ Entire building (post-retrofitting)

Figure 29 Energy signature chart for Passeig Santa Coloma, Barcelona

Table 62 and Table 63 present the KPIs evaluated for Passeig Santa Coloma considering the
average dwelling and the entire building.

Table 62 KPIs evaluated for M1.0 Passeig Santa Coloma (Barcelona): Average dwelling

www.grow-smarter.eu |

demand

per dwelling

KPI (normalized for climate conditions) Baseline | Post- Units Variation
retrofitting

1. Heat energy required (kWh) per year and 2965 2077 | kWh/year per -29.9%

month dwelling

2. Cooling energy required (kWh) per year

and month normalized for climatic

conditions.

3. Electric energy required (kWh) per year 2266.7 2090.5 | kWh/year per -7.8%

and month. dwelling

4. CO2 emissions due to heating energy 747 523 | kg CO2/year -29.9%

demand per dwelling

5. CO2 emissions due to cooling energy

demand

6. CO2 emissions due to electric energy 750 692 | kg CO2/year -7.8%
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‘ Total primary energy -9.9%

Table 63 KPIs evaluated for M1.0 Passeig Santa Coloma (Barcelona): entire building

KPI (normalized for climate conditions) Baseline | Post- Units Variation
retrofitting
1. Heat energy required (kWh) per year and | 613755 429939 | kWh/year - 29.9%
month normalized for climatic conditions.

2. Cooling energy required (kWh) per year and - -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and | 469205 432743 | kWh/year -7.8%
month.
4. CO2 emissions due to heating energy 56 39 | ton/year -29.9%
demand

5. CO2 emissions due to cooling energy - -

demand

6. CO2 emissions due to electric energy 155.3 143.2 | ton -7.8%
demand CO2/year

Total primary energy -9.9%

The feedback during the survey campaign performed among over 20 volunteer dwellers after
the retrofitting works revealed an improvement on their thermal comfort in winter. A common
feedback was related to the lower gas-fired heating system operation, despite the post-
retrofitting winter was colder than the pre-retrofitting one.

The improvement of external facade insulation and replacement of blinds by more isolating
blinds has proven to lead to an average of approximately 30% of dwelling annual gas energy
savings for space heating. A slightly lower energy reduction may be expected in terms of the
overall building gas energy demand, because tenants that participated voluntarily in the
present study (and provided their energy consumption data) already showed a minimum
interest in energy efficiency that may have also impacted their energy consumption patterns.

Worth noticing, the proposed energy savings at the beginning of the project were higher
because a much higher initial space heating consumption of the dwellings was assumed. We
have learnt with this project that it may be incorrect to assume common national energy
consumption ratios for the residential sector when it applies to vulnerable areas of the city
and/or social housing. Due to the real initial low gas energy demand of the participant
dwellings, the real energy savings after the energy renovation have proven to be lower than
expected. Nevertheless, the proposed suggested specification of dwelling gas energy
consumption after the building retrofitting has been achieved (average heating energy
consumption of 36.6 kWh/m2 year).

Canyelles (Naturgy)

The refurbishment carried out in Canyelles was focused on one hand in the reduction of the
energy demand and the improvement of the thermal conditions through the implementation
of passive measures. Furthermore, active measures were implemented with the aim to increase
the efficiency of the installation.

Passive measures:
-Improvement of the facade (opaque walls and windows) and the roof insulation.
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-Installation of high efficient windows and frames with low U-values in the dwellings interested.
The windows have been changed in almost all the dwellings, the participation in this measures
reached the 79% of dwellings (45/57)

-Installation of shutters and shading elements in the dwellings interested. (45/57)

Active measures:

-Substitution of old boilers by high efficient boilers in the dwellings interested. In this measure
participated 19/57 dwellings.

-Installation of water efficient taps in the dwellings that need them.

Moreover, HEMS (Home Energy Management System) and Smartmeter gas have been installed
in the dwelling interested to use and prove the technology. The total number of dwellings that
installed HEMs in Canyelles are 22 dwellings of 57 and the total number of dwellings that
accepted to install the Smartmeter gas installation are 12/57 dwellings. The data obtained
through HEMs and the Smartmerter is being and will be used to analyze the impact of the
retrofitting actions, whenever possible. It is worth mentioning that data is collected with hourly
resolution.

The Baseline in Canyelles (as in Ter 31 and Lope de Vega in the following sections) has been
based on the following parameters. To evaluate these parameters invoices have been used.

e Heating consumption (kWh/m?) calculated through Gas invoices that aggregate Space
heating, DHW and Cooking consumption. The desaggregation of the gas consumption
for each use is done through simulation models.

e Electricity consumption (kWh/m?) calculated through Electricity invoices that aggregate
cooling, ventilation, lighting and others.

e Cooling consumption (kWh/m?). The cooling consumption of the baseline is obtained
through simulation models calibrated by electricity invoices and considering existing
equipment stock from surveys (See annex |) and monitoring data. This parameter is
taken in consideration only for the dwellings that have some cooling equipment
installed and also, it is relevant to highlight that the majority of the cooling equipment
are systems that act partially on the dwellings and not for all the rooms.

The calculation of these parameters has been done through simulation models. For the sake
of accuracy and reliability, a dataset based on at least with one year of data (invoices or
monitorization) was required for the correction of the data with the ambient conditions.

Figure 30, Figure 31 and Figure 32 show, respectively, the heating, cooling and electrical
energy signatures for Canyelles.

The baseline heating energy demand is affected by the climate conditions of the after-
refurbishment period, extending the average heat consumption linearly with the average
outdoor temperature. The Figures also show a different average heat consumption between
the climate corrected baseline and after-refurbishment cases, for low average outdoor
temperatures, indicating that savings on the heating demand have been achieved

The electrical energy signature of Canyellas, Figure 32, shows almost no difference between
the electrical consumption of the different cases. There are only differences with the lowest
and highest outdoor average temperatures. The differences in the highest outdoor
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temperatures are explained due to the changes in the cooling energy demand. The differences
in the lowest outdoor temperatures are explained due to fact that some dwelling uses electrical
heaters or heat pumps to satisfy part of their heat energy demand.
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Figure 30 Heating Energy Signature for Canyelles (Barcelona)
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Figure 31 Cooling Energy Signature for Canyelles (Barcelona)
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Figure 32 Electrical Energy Signature for Canyelles (Barcelona)

Table 64 shows the KPIs for Canyelles that have been evaluated according to the Evaluation
Plan.

Table 64 KPIs evaluated for M1.0 Canyelles (Barcelona)

KPI Baseline Post-retrofitting Variation

1. Heat energy required (kWh) per year and 263023 173743 -34 %
month normalized for climatic conditions.

1.1 Gas (kWh) 253195 67264 -33 %
1.1 Electricity (kWh) 9828 43828 -61 %
2. Cooling energy required (kWh) per year and 3995 2453 -39 %
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 113000 112573 -0.4 %
month.

4. CO2 emissions due to heating energy 67264 43828 -35%
demand (kt/year)

5. CO2 emissions due to cooling energy 1322 812 -39%
demand (kt/year)

6. CO2 emissions due to electric energy 37476 37106 -1%
demand (kt/year)

Total primary energy -20 %

Lope de Vega (Naturgy)

The Baseline in Lope de Vega has been calculated as in Canyelles. The same simulation models
mentioned above for Canyelles has been used to disaggregate the energy consumption.

Figure 33, Figure 34 and Figure 35 show, respectively, the heating, cooling and electrical
energy signatures for Lope de Vega.
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Table 65 shows the KPIs for Lope de Vega that have been evaluated according to the Evaluation
Plan.
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Figure 33 Heating Energy Signature for Lope de Vega (Barcelona)
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Figure 34 Cooling Energy Signature for Lope de Vega (Barcelona)
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Figure 35 Electrical Energy Signature for Lope de Vega (Barcelona)
Table 65 KPIs evaluated for M1.0 Lope de Vega (Barcelona)

KPI Baseline Post-retrofitting Variation
1. Heat energy required (kWh) per year and 26247 20404 22 %
month normalized for climatic conditions
2. Cooling energy required (kWh) per year and 619 383 -38 %
month normalized for climatic conditions.
3. Electric energy required (kWh) per year and 36107 31325 -13%
month.
4. CO2 emissions due to heating energy 6926 5385 -22 %
demand (kt/year)
5. CO2 emissions due to cooling energy 167 103 -38%
demand (kt/year)
6. CO2 emissions due to electric energy 9749 8458 -13%
demand (kt/year)
Total energy use 17 %

Ter 31 (Naturgy)

The Baseline in Ter 31 has been calculated as in Canyelles. The same simulation models
mentioned for Canyelles and Lope de Vega has been used to disaggregate the energy
consumption.

Figure 36 and Figure 37 show, respectively, the heating and electrical energy signatures for
Ter 31.

Table 66 shows the KPIs for Ter 31 that have been evaluated according to the Evaluation Plan.
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Table 66 KPIs evaluated for M1.0 Ter 31 (Barcelona)
KPI Baseline Post-retrofitting Variation
1. Heat energy required (kWh) per year and 27644 21515 -22%

month normalized for climatic conditions.
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2. Cooling energy required (kWh) per year and - - -
month normalized for climatic conditions.

3. Electric energy required (kWh) per year and 34831 28714 -18%
month.
4. CO2 emissions due to heating energy 10066 7838 -22%

demand (kt/year)
5. CO2 emissions due to cooling energy - - -
demand (kt/year)

6. CO2 emissions due to electric energy 13550 9961 -26 %
demand (kt/year)
Total energy use -20 %

Melon District (Naturgy)

The refurbishment scope in Melon District was totally different compared to the other
residential buildings. In that case, only one active Measure (no passive Measures) was carried
out in the building. The active Measure consisted in the substitution of the electric heaters
used for the heating demand by a connection to the nearest district heating network, the
generation of Domestic Hot Water by the District Heating and the substitution of
approximately 35% of the heat pumps used for refrigeration of some aisle places. The
connection allows Melon District to reduce its primary energy consumption through the
substitution of the use of electricity by waste heat from the DH to supply the heating building,
the domestic hot water and some of the refrigeration demand.

In order to evaluate the baseline, the following monitored data will be used:

e Monthly electricity consumption coming from the building’s energy management
system or from utility invoices (kWh).

e Monthly heating consumption supplied from the DH from the building’s energy
management system or from DH invoices (kWh).

Apart from these variables, the independent variable selected for the development of the
mathematical models are: weather conditions and monthly occupancy.

The models to be defined are the global energy consumption models: electricity model and
heat model. The baseline models for electricity and heat demand of Melon District are available
Figure 38 and Figure 39 show an example extrapolated from the calibration and validation
process of the global energy consumption models.
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ELECTRICITY MODEL - MELON DISTRICT
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Figure 39

Since in Melon District the refurbishment had only affected to the heating system installation
the evaluation will only analyse the impact in the winter period. The winter period will be
defined trough the Heating Degree Days (HDD).

Considering year 2017, the winter period has been defined accounting for the months that

have HDD positive values. In particular, the year 2017, the winter season includes the periods
January - Abril and November- December.

Figure 40 qualitatively illustrates the savings that have been obtained from the substitution of
the electrical heaters.
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As shown in Table 67, after the refurbishment an increase of district heating consumption of
about 300MW has been calculated. On the other hand, a decrease of about 200MW in the
electricity consumption has been calculated. As a result, a total primary energy saving of about

490MW has been calculated.

Table 67 Overview of primary energy savings in Melon District, Barcelona

Savings final

Conversion ratio

Savings primary

energy (MWh/yr) (MWhP/MWh(f) energy (MWh/yr)
Heat (DH) -849 0.262 -222
Electricity 371 2.403 891
Total savings primary energy 668
Regarding the CO, emissions, the increase of emissions due to the

increase of heat

consumption is 19.1 t/year while the reduction of emissions due to the reduction of electricity
consumption is 119 kt/year (Table 68).

Table 68 Overview of CO, savings in Melon District, Barcelona

Savings final

Conversion ratio

Savings primary

energy (MWh/yr) (CO./MWhf) energy (tCO./yr)
Heat (DH) -849 0.018 -15
Electricity 371 0.372 138

Total savings tCO; 123
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Table 69 shows the KPIs evaluated within the refurbishment work carried out in Melon District.

Table 69 KPIs evaluated for M1.0 Melon District (Barcelona)*

30

KPI* Baseline Post-retrofitting Variation
1. Heat energy (kWh) per year n/a n/a n/a %
1.1 Heat energy s ly by District Heatin
gy supply by Listr 'ng 968200 -%
(kWh) per year.
1.2 Gas natural consumption to cover DHW 718305 - -%
(kWh) per year
2. Distributed cooling energy required (kWh)
401364 260887 -35,0%
per year.
3. Electric energy required (kWh) per year. 1074437 701077 -34,7%
3.1 Electric energy required by the heat pumps
! gy required by pump 133788 87962 |  -35,00 %
(kWh)
Total energy use (kWh/year) 2194106 1930164 -12%
4. CO2 emissions due to heating energy
I . 0,017 -%
demand by District Heating (kt/year)
5. CO2 emissions due to distributed cooling
0,050 0,032 -35,0%
energy demand (kt/year)
6. CO2 emissions due to electric energy
0,400 0,261 -34,7%
demand (kt/year)
7. Pri ti d to heati
rimary energy consumption due to heating 986 108 89.1%
demand (MWhp/year)
8. Pri ti d to DHW
rimary energy consumption due to 269 115 85.0%
demand (MWhp/year)
9. CO2 emissions due to heating demand
0,153 0,0074 -95,2%
(kt/year)
10. CO2 emissions due to DHW by DH (kt/year) 0,135 0,0079 -94,1%
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11. CO2 emissions due to electric consumption 0.351 0351 )
excluding refrigeration and heating (kt/year) ’ ’
12.. CO2 emissions que to.electrlc consumption 0,050 0,032 35,0%
by independent refrigeration systems (kt/year)
13. Primary energy consumption due to electric
consumption excluded refrigeration and 2270 2270 -
heating (MWhp/year)
14. Primary energy consumption due to electric
consumption by independent refrigeration 321 209 -35,0%
systems (MWhp/year)

Total primary energy MWhp/year 4346 2702 -37,8%

consumption ktCO2/year 0,689 0,399 -42,1%

*Not completely validated
Hotel H10 Madison (Naturgy)

The Hotel H10 Madison has been built from two adjacent buildings previously dedicated to
residential use. Due to this fact, the baseline could not be measured and cannot be calculated
by using the utility invoices, since before the refurbishment the hotel did not exist.

A computer simulation that will be calibrated using some actual performance data is being
used for determining the baseline. The software to be used for the building energy simulation
is DesignBuilder, which is a standard for energy building simulation.

A computer simulation that will be calibrated using some actual performance data is being
used for determining the baseline. The software to be used for the building energy simulation
is DesignBuilder, which is a standard for energy building simulation.

Once the baseline was estimated through the building simulation, a mathematical model has
been obtained to adjust results with the weather conditions and the occupancy. Two models
have been obtained, one for the general electricity consumption and one for the HVAC.

General Electricity consumption (kWhe) =-29450, 09+3008, 52 days+ 478, 67-HDD;s + 297,
87CDD2]

HVAC Electricity consumption (kWhe) = 22.077,21 + 399, 25 HDD,; +- 236, 52- CDD,,

As for all other buildings, Naturgy collects the hourly data that will be used in combination
with the simulation models. Figure 44 shows an example of the data collected.
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Figure 44 Example of data monitored in H10 Madison. Hourly values of building electricity
consumption (yellow) and the new variable refrigerant volume system (blue).
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Figure 45 Energy signature for Hotel Madison (Barcelona)

Table 70 KPIs evaluated for M1.0 Hotel H10 Madison (Barcelona)

KPI Baseline Post-retrofitting Variation
1. Final energy required (kWh) for heating per 211 202 88 891 -58 %
year and month normalized for climatic
conditions.
2. Final energy required (kWh) for cooling (kWh) 180 394 138 409 -23 %
per year and month normalized for climatic
conditions.
3. Total electric energy required (kWh) per year 879579 628 718 -29%
and month.
4. CO2 emissions due to heating energy 75 31 -58%
demand (t/year)
5. CO2 emissions due to cooling energy 64 49 -23%
demand (t/year)
6. CO2 emissions due to electric energy 314 224 -29%
demand (t/year)
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-29 %

CEM Claror Sport Center (Naturgy)

A dedicated baseline model for the electricity consumption has been developed. The electricity
model is based in 6 different variables and savings of 12% have been achieved during 2019.
Regarding gas consumption, significant savings have been achieved (~51%). The obtained

results are summarized in Table 71 for year 2019.

Table 71 Monthly results obtained in CEM Claror for 2019

el Gas Consumption = GEiIEly Gas savings
[MWh] Consumption P Savings 9
[MWh] [MWh PCS] [MWh PCS] [MWh] [MWh PCS]
January 108,6 115,4 114,5 3,2 105,3
February 102,8 89,3 88,6 7,0 54,7
March 108,2 87,2 86,5 10,4 35,5
April 104,7 63,7 63,2 6,7 54,1
May 104,8 61,5 61,0 7,2 39,1
June 100,1 44,0 43,7 19,7 43,5
July 106,6 39,5 39,1 12,9 48,0
August 66,0 18,7 18,6 44,4 68,6
September 89,2 0,0 0,0 10,9 0,0
October 0,0 0,0 0,0 0,0 0,0
November 0,0 0,0 0,0 0,0 0,0
December 0,0 0,0 0,0 0,0 0,0
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Figure 47 Energy signature for CEM Claror (Barcelona)

Table 72 KPIs evaluated for M1.0 CEM Claror (Barcelona)

KPI* Baseline Post-retrofitting Variation

1. Heat energy required (MWh) per year 591.71 591.71 0%
and month normalized for climatic

conditions.

2. Cooling energy required (kWh) per year 115.90 115.90 0%
and month normalized for climatic

conditions.

3.Gas required (MWh) per year and month 1053 515.15 -51%
4. Electric energy required (MWh) per year 1012.6 890.9 -12%
and month.

5. CO2 emissions due to heating energy N/A N/A N/A
demand (t/year)

6. CO2 emissions due to cooling energy N/A N/A N/A
demand (t/year)

7.CO2 emissions due to gas energy 239 118 -50%

demand (kt/year)

6. CO2 emissions due to electric energy 361 318 -12%
demand (t/year)

Total primary energy -18 %

*Not completely validated
Escola Sert (Naturgy)

The project consists of a global renovation that includes the renovation of the building facade,
as well as the renovation of the air-conditioning distribution system to adapt it to the new
distribution of spaces within the building and the implementation of a 19.5 kWp facade-
integrated PV plant for self-consumption.

Although the only Measure implemented within the GrowSmarter project is the PV plant, the
evaluation of this Measure considers the impact of the complete renovation.
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The results reveal an increase of the electricity consumption during summer. This is caused
by the facade refurbishment (it is common that a higher insulation implies an increase of the
cooling needs) and by the replacement of individual chillers installed in some of the floors.
The cooling demand covered by these individual chillers will be now covered by the centralized
chiller, which is an old inefficient chiller with a lower SEER. Moreover, the occupancy of the
building has increased after the refurbishment and this has an important impact in, both,
electricity and cooling demands. As the facade refurbishment is out of the GrowSmarter scope
and the Measure to be analyzed within the project is the PV production (see M1.1.10.2), the
assessment of the non-routine adjustments in the electricity model due to this chiller
replacement will not be performed.

Regarding the gas consumption, significant savings have been achieved due to the facade
refurbishment. As aforementioned, after refurbishment has been a 30% higher occupation so
we have normalized electricity and gas consumption to this higher usage. Regarding the PV
installed, the production represents about 5% of the total electricity consumption of the
building.

For Escola Sert the KPI table is available only in M1.1.10.2.

Electrical Energy Signature Escola Sert

70

c

o 60

=

= C

g 50 ° - ®
@ 40 — ®
s P ® [ ] e

- -f?l 30 ® ~ -4

E = 20

] 10

[+3]

? 0

g 100 5 10 15 20 25 30
<T

20
Average outdoor temperature (2C)

® Baseline @ Real consumption Energy Savings

Figure 48 Energy signature for Hotel Escola Sert (Barcelona)
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M1.1.1 - Low U-values of windows

Introduction

New windows with a U-value of 0.7 W/m?K developed for easier mounting have been used
when refurbishing existing buildings in Stockholm and Cologne. The new concept includes not
only more energy efficient windows but also a more time efficient mounting procedure.

The evaluation has been performed according to the Evaluation Plan D5.1.

1. Air leakage testing with blower door

2. Window thermal status determination (such as transmission and solar gain coefficients)
3. Indoor environmental investigation

4. Installation effects (surroundings of the frame of window) by e.g. thermal imaging

The intention of the Measure was to:

1. Simplify mounting of windows when refurbishing building.
2. Reduce space heating demand.

3. Increase comfort and quality of living.

Stockholm
Industry partner Contact person Validation partner
Skanska Harry Matero KTH-EGI
Stockholmshem

In order to minimize energy losses and create a good comfort conditions, old windows with a
U value of about 2.0 have been replaced by windows with a U value of 0.7. This is one of many
Measures in the energy renovation of the houses at Valla Torg. The implementation has been
successful. However, it is worth noticing that a frost formation problem has been identified
with the outside of the new windows at low outdoor temperatures.

The old windows have been removed and the new windows that have been installed have been
adapted to the existing dimensions. When the new windows are installed, they have adapted
them to the new facade, in order to minimize the change in the architecture of the building.

Thermal investigations (measurements and thermal Imaging) have been carried out before and
after the energy renovation in some of the apartments. Figure 49 shows an example of the
hourly measurement of the indoor temperature in one dwelling.
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Figure 49 Example of hourly indoor temperature measurements in Valla Torg, Stockholm.

A complete report on the Air leakage tests performed in Valla Torg is available and Figure 50
and Figure 51 show an example of the preliminary results.
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Figure 50 Example of Air-leakage test (baseline) in Valla torg, Stockholm
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Figure 51 Example of Air leakage test (after refurbishment) in Valla torg, Stockholm
Table 73 shows the KPIs evaluated for M1.1.1 in Valla Torg, Stockholm.
Table 73 KPIs evaluated for M1.1.1 Valla Torg (Stockholm)
KPI Baseline Post-retrofitting Variation
1. Air leakage in air flow I/s at 50 Pa 67 57 -14.9%
1. Air leakage in air changes per hour at 1.32 1.2 -9.1%
50 Pa (ACH50)
2. U Value of windows (incl. frame) in 1.8-2.0 (avg. 1.9) 0.7-1.0 -58 %
W/m2.K (avg. 0.8)
3. Solar gain coefficient (%) 33% -%
4. PPD of overall thermal environment N/A N/A -%
evaluated at reference point of window)
5. PD of local thermal comfort (draught, N/A N/A - %
radiant asymmetry, vertical air
temperature difference)
6. Sensible air temperature of the N/A N/A - %
reference  apartments according to
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Cologne
Industry partner Contact person Validation partner
RheinEnergie Andreas Wolba KTH-EGI
Christian Remacly
Dewog André Esser

As a result of the building refurbishments of M1.0, the U-values and the heat losses of external
walls have been reduced. The following figures show example of analysis carried out with
thermographic cameras.

Figure 52 Example of thermographic measurements, Adam Stegerwald StraRe 21

Point 1 refers to the insulation of the external wall. The house has a new thermal insulation of
160mm WLGO035. The thermogram shows particularly low contrasts if the heat exchange
through this surface (outer wall) is particularly small. The existing lack of structure of the
temperature is a characteristic for a good insulation. Point 2 states that warm room air escapes
through open windows.

Figure 53 Example of thermographic measurements, Adam Stegerwald StraRe 21

As described above, the thermogram shows good insulation (shown in point 1) in this image
for the whole building. Point 2 shows an open window. Point 3 shows an increased temperature
due to heat accumulation under the roof/ balcony overhang.
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Figure 54 Example of thermographic measurements

As show in Figure 54, the thermogram shows good insulation (shown in point 1) in this image
for the almost whole building. Point 2 shows the rain pipe. Point 3 shows a tilted window.

¥
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Figure 56 Example of thermographic measurements

The measured temperature values are assigned to the so-called “false colours”. The result is a
colored or grayscale thermal image (thermogram) that shows the temperature distribution on
the surface of the measured object. As a rule, low temperatures are represented by dark colors
and bright temperatures by light colors.

The thermographic measurement shows that the new windows also have sufficient surface
temperature of the frames and the tightness according to the Blowerdoor protocol is
sufficiently good. Since the glazing can only be determined thermographically inaccurately,

www.grow-smarter.eu | D5.4 Final report on results of technical and social validation



http://www.grow-smarter.eu/

A GrowSmarter

the verification of the Suppliers with Ug=0.6/W/m2K is sufficient. (Example Edith-Stein StraRe
5).

Thermal bridges are areas of the building envelope that have a much lower thermal resistance
than the adjacent wall and ceiling parts. They therefore also have lower room-side surface
temperatures and cause greater local heat dissipation. Moist room air can condense on these
cooler surfaces and thus lead to condensation damage.

Table 74 KPIs evaluated for M1.1.1 Adam Stegerwald StraRe 21 (Cologne)

KPI Baseline | Post-retrofitting Variation
1. Air leakage in air changes per hour at 50 Pa (ACH50) - | Edith-Stein-Str.5

1
Adam-Stegerwald-
Str. 22

1,5
Edith-Stein-Str.18

1

Adam-Stegerwals-

Str. 21

2,9
2. U Value of windows (incl. frame) in W/m2.K 2.7-2.9 0.9-0.95 -66 %
3. Solar gain coefficient (%) - 0.52
4. PPD of overall thermal environment evaluated at N/A N/A N/A
reference point of window)
5. PD of local thermal comfort (draught, radiant N/A N/A N/A
asymmetry, vertical air temperature difference)
6. Sensible air temperature of the reference apartments N/A N/A N/A

according to relevant standards (e.g. ISO 7726, 7730).

Conclusions

Changing windows is a relatively expensive investment, but since the windows are a significant
part of the buildings' envelop, a low U-value is necessary in an energy renovation. Switching
to windows with low U-value is also positive based on the experienced indoor climate.

However, 0.7 may well be a low U value as it may become frost on the outside of the glass.
This is perceived by the tenants as negative as it limits the view from the apartment.

Potential for full scale implementation

Technical, economic and social feasibility

The feasibility of this Measure is good for all cities. The energy performance of a window
depends on three main characteristics, solar gain transmittance, daylight transmittance, and
thermal transmittance.

Thermal transmittance determines the rate at which thermal energy is transported over the
window per a given temperature difference. Less transmittance yields lower energy transport.
For a cold climate this is beneficial as less energy is required to compensate for the losses of
thermal energy over the window. In warm climate, in which active cooling is used to maintain
the internal temperature below the outside ambient temperature, low transmittance is also
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beneficial as it decreases again the energy transportation rate over the window. The rate of
energy transported may be estimated given the properties of the window is known as

QZU'A'(ti_to)

If, instead the energy over a certain time interval, (a week, a month, or a year) may be estimated
using concept of degree hours, as

Q=U-A-DH

For which the degree hours are an integrated temperature difference between indoor and
outdoor. The impact of the thermal transmittance is mainly due to the window characteristics
as well as the thermal properties of the framing. In addition, the workmanship of the installers
will also affect the overall performance, as thermal bridges as well as unintended leakages
around the perimeters of the windows decrease the overall thermal performance of the newly
installed window.

The benefit of low solar gain transmittance, on the contrary to thermal transmittance, is not
always positive. For cold climate, when there exists a heating need in the building, any free
energy (such as solar energy) is beneficial. Hence, for those instances, the solar gain
transmittance should be high, mitigating the use of artificial heating. However, when cooling
needs are present, any additional gain from the sun is undesirable. Hence, for a building with
air conditioning and cooling during the summer time and a heating need during winter, solar
transmittance should be low during summer time, and high during winter.

In practice, one must select a window which minimized the annual energy consumption rather
than sub-optimizing the window for a certain climatic season. A better option is to use a
window with as high solar gain transmittance as possible and using shading devices, if
possible, during the summer.

For a building with no heating need and only cooling, low solar gain transmittance should be
chosen, preferably combined with solar shadings.

The solar gain of a window may be estimated as
Q = SHGC + A F. * Qgpiar

F. is the impact of the shading device, which is much simpler to alter, compared to the SHGC
(solar gain transmission) of the window.

The optical properties (daylight properties) does not directly impact the energy flow over the
window, however it affects the level of artificial lighting required inside the building.

As may be understood by the above discussion, the impact of the change of window from one
city to another depends on the climatic conditions, and whether active cooling is utilized. If
active cooling is not implemented in a building located in a warm climate, the properties
discussed should still be maintained, however excessive heat may be required to be dissipated
using natural ventilation strategies (e.g. operable windows).

The economic feasibility will be determined by the energy savings of the Measure compared
to the cost of installation. As the climatic conditions and costs are difference for different
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cities, each city needs to be evaluated individually, based on the measured and predicted
saving.

The social impact of the Measure may include:

e Tenants may need to move out of the apartments during the renovation. Most of the
time though, if changing windows is the sole Measure, tenants most probably is not
required to move out, however the apartment will be somewhat exposed to outdoor
conditions for a short while.

e Better insulation of the windows implies that the indoor climate most probably will
improve, since the cold draft sensation and directive operative temperature
difference will be improved (i.e. decreased).

e If the newly installed windows also mean that the leakages at the perimeter of the
windows is decreased, again the draft sensation will be reduced and living comfort
improved.

Upscaling and replicability of the Measure: general considerations

This Measure is applicable to all cities. The outcome may be different depending on climatic
conditions, but there are no technical limitations. There are no limitations on this Measure for
upscaling, apart for the fact that some buildings within the cities will be protected from
changes.

Upscaling of the Measure in Stockholm

The windows of an older building will be of lower thermal quality compared to newer types.
The main thermal property affecting energy consumption in a building will be the effective
overall heat transfer coefficient,

U ()

As windows have very low thermal storage capabilities the thermal performance may to a good
approximation be assumed to be in steady state, especially for typical one hour calculation
steps.

In order to estimate the upscaling effect of retrofitting new windows to the entire building
stock, an estimation of the currently used buildings are required. Data from a Swedish
guideline for conducting Energy Declarations have been used''. It was assumed that buildings
from 1980 and forward will have good enough windows, hence not up for renovation at this
point. The motivation will be that there will not be any economic incentive to only retrofit
windows, as this will always be done with other major renovations of buildings.

As the database used do not contain neither the wall area nor the window area, an estimation
had to be done. It was assumed that the “old” rule-of-thumb for daylighting design have been
used for sizing minimum window area. This rule state that the window area should be 10% of
the floor area'.

e ' Energibesiktning av byggnader - Flerbostadshus och lokaler (Karin Adelberth, Asa Wahlstrém,
2009, ISBN 978-91-7162-755-1

e 2 PBL kunskapsbanken. - en handbok om plan- och bygglagen. Boverket
(https://www.boverket.se/sv/PBL-kunskapsbanken/regler-om-byggande/boverkets-byggregler/ljus-
i-byggnader/dagsljus/)
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The new windows used have been evaluated within the GrowSmarter project and in Stockholm
it was found that the new windows have an overall heat transfer coefficient of 0.8%.

The degree hour method is used for this evaluation, as
0=U-A-GH

Based on the typical expected topology of the building window stock, the energy use
associated with the old windows would be ~900 GWh of thermal heat. If these windows were
to be replaced with new, as found in Valla Torg (Stockholm), the saving of thermal heating
energy will be ~640 GWh.

This would indicate a saving of the thermal loss through windows only corresponding to ~70%.
If, instead, the saving of heating energy is related to the total heating” in the entire building
stock of Stockholm, this would correspond to ~14%.

e "The total energy heating requirement relates to all space heating, ventilation heating, and domestic
hot water heating for all buildings in Stockholm. Data taken for total energy heating energy are from
the Building Energy Declaration database, as previously described.

www.grow-smarter.eu | D5.4 Final report on results of technical and social validation

80


http://www.grow-smarter.eu/

Al GrowSmarter

M1.1.2 - Reducing hot water losses

Introduction

Poor insulation of the pipes in the hot water circulation (HWC) have been overlooked for a long
time and recent studies have shown that the heat losses can be in the range of 6-20kWh/m?
(heated area) annually. According to the expectations expressed in the evaluation plan (D5.1),
in this Measure the losses should be cut by 50 %. A new type of pipe in pipe hot water
circulation pipe system will be used in the buildings in Arsta, Stockholm.

According to the evaluation plan (D5.1), the baseline includes the measurements of heat losses
(in kWh/h) in the hot water circulation as average over one year. Flow rate of circulated water
was measured together with temperature of the hot water supply and return. The data was
over one year for two reference buildings.

The key performance indicators evaluated are:

1. DHW heating demand (kWh/h) during one year.
2. Temperatures ('C) of the delivered DHW.

3. Temperatures ('C) of the incoming water mains.

Stockholm
Industry partner Contact person Validation partner
Skanska Harry Matero KTH-EGI

The "Viega Smartloop Inliner System" has been installed with the aim to reduce energy losses
from the hot water circulation system. Energy meters have been installed to measure energy
losses in hot water circulation systems before and after refurbishment of the houses.

The "Viega Smartloop Inliner System" is a simple and passive energy saving measure. There
are no technical barriers to perform a similar measure in a future deep energy renovation
project.

House 7G

The results for House 7G show that the annual hot water circulation loss has been reduced
from 6.3kWh/m? to 2.4kWh/m?.

Table 75 KPIs evaluated for M1.1.2 House 7G (Stockholm)

KPI Baseline | Post- retrofitting | Variation
1. Hot water circulation losses (kWh), annual 34029 13562 -62 %
measurement

2. Annual hot water circulation loss (kWh/m2) 6.3 2.4 -62 %
(heated area of building).

House 8H

The results for House 8H show that the annual hot water circulation loss has been reduced by
over 25%.
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Table 76 KPIs evaluated for M1.1.2 House 8H (Stockholm)

KPI Baseline | Post- retrofitting | Variation
1. Hot water circulation losses (kWh), annual 28797 21280 27 %
measurement

2. Annual hot water circulation loss (kWh/m2) 6.3 4.6 27 %
(heated area of building).

Results

The obtained results show that an overall reduction of annual hot water circulation loss of
more than 25% can be achieved. It is worth noticing that this Measure can be fully implemented
only through a complete replacement of the piping loop.

The result is low because the size of the hot water circulation system has been increased with
pipes from basements to the third floor.

Potential for full scale implementation
Technical, economic and social feasibility

The losses of the circulated hot water depend on the level of insulation, the size and length of
the hot water circuit and the temperature difference between the hot water circulated and the
surrounding air. The hot water temperature is maintained at a certain level in order to mitigate
the growth of legionella bacteria, as well as providing sufficiently high temperature to the
users. None of these parameters are expected to change during the course of a year. The
actual momentary losses of the Hot Water Circulation (HWC) are estimated by

QHWC =U-A- (thw - tair)

However, if none of the parameters change over time, the energy loss for a given time period
will simply be

Quwec =U"4" (thw - tair) At
where At is the time period of interest.

The savings for this Measure is simply the cost of hot water production that the HWC-losses
corresponds to. As most of the heat loss will be absorbed by the building, this part will
decrease the need for heating during the heating season, but for buildings in need of cooling
part of the year, the loss will constitute an additional heat load.

This Measure has very little social impact. The energy savings will lead to reduced bills of
heating in the building. The installation of better insulation may affect the tenants differently,
depending on which type of HWC that will be installed (one could add insulation in the existing
one, or use a coaxial setup). For the latter one, the users may be out of hot water for the
duration of the installation as the pipes need to be exchanged.

Upscaling and replicability of the Measure
This Measure may easily be applied to a building in any city.

This Measure may be upscaled to most buildings, probably to protected buildings as well,
unless it is protected on the highest level (no alterations allowed).
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Upscaling of the Measure in Stockholm

All multifamily houses are required to have a circulation of the hot water in order to be able
to meet the requirement of availability of hot water for all tenants according to the building
regulations in Sweden. As the temperature of that circulation system is maintained at elevated
temperature, thermal losses occur. By increasing the insulation thickness or using more
elaborative solutions, as done in the GrowSmarter project, these losses may be decreased.

Evaluations carried out by the responsible partner indicate that the thermal losses decrease

from 6.3@ to 2.4@ (savings of 62 %). If this is to be implemented in all existing multifamily
m m

houses within Stockholm city, the savings will be 145 GWh corresponding to a total saving of
3.1 % (considering all heating use in all multifamily buildings in Stockholm city).
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M1.1.3 - Recovering waste water heat from the drain

Introduction

Recovering heat from the sewage system to preheat tap hot water is a new area for heat
recovery with great potential. About 25 % of the energy for heating water can be saved.

As expressed in the evaluation plan (D5.1), waste heat recovery was installed in the drain
system in Arsta, Stockholm, and the expectation was to achieve a recovery of 25% of the energy
for heating domestic hot water (DHW).

The baseline was determined by measuring the heat used for DHW during one year, measuring
heating energy required hourly (kWh/ h). The data was corrected for differences in occupancy
in the buildings before and after implementation.

The key performance indicators evaluated are:

1. DHW heating demand (kWh/h) during one year.
2. Temperatures (°C) of the delivered DHW.

3. Temperatures (°'C) of the incoming water mains.

Stockholm
Industry partner Contact person Validation partner
Skanska Harry Matero KTH-EGI
Stockholmshem

Hot water use is a major part of a property's energy consumption and all the hot water used
in a building is flushed into the drain. With a waste water heat exchanger in the drainage
system, part of the energy that is flushed in the drain can be recovered.

The waste water heat exchanger is a passive component. The function is that cold water is
preheated by the thermal energy in the drain before it warms up to hot water.

Energy meters have been installed to measure energy recovery of the waste water heat
exchanger after the implementation of the product.

The collection of measurement data is in progress. The estimated saving based on obtained
results is about 3.5 kWh/m? per year.

Table 77 KPIs evaluated for M1.1.3 House 7G (Stockholm)

KPI Baseline Post- retrofitting | Variation
Energy saving from waste heat recovery. 0 3.6 -
kWh/m?

1. DHW heating demand kWh/m? during one 22.3 19,4 13 %
year.

2. Temperatures ('C) of the delivered DHW. 55-57 55-57 -
3. Temperatures (°C) of the incoming water 4-21

mains.
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Potential for full scale implementation
Technical, economic and social feasibility

The waste water heat exchanger is a simple and passive energy saving measure. There are no
technical barriers to perform a similar measure in a future deep energy renovation project.

Upscaling and replicability of the Measure

The Measure is applicable for any city, given the cooling of the drain water is permitted. In
some cities, the return temperature of the drain water is limited, e.g. it may not be lower than
the temperature of the incoming CWM-temperature.

This Measure may easily be up-scaled for any building that is not highly protected. The drain
water system needs to be accessible for installation as well as future service. Limitations of
return temperatures may come into play, depending on the installed systems. According to
the analysis above, it was assumed that the heat recovery was a passive heat exchanger. Then
there will be no risk of colder return temperatures than supplied in the CWM. However, if a
heat pump solution is utilized, care may be needed and the control system adjusted for local
conditions and regulations.

Upscaling of the Measure in Stockholm

One underutilized available waste heat source is the tempered water leaving the building
through the drain pipe. As essentially all the DHW water energy is present, along with some
fraction of the space heating, this should be able to contribute to increased energy efficiency.
There are practical solutions and system configurations that still could be refined in order to
fully recover this energy loss. Measurements within the GrowSmarter project indicate that the

saving will be from 22.3 k:lvzh to 19.4’%}1, a saving of 13 %, corresponding to a saving of 178 GWh

if employed to all multifamily buildings in Stockholm city. Seen from the total heating energy
in that building sector, it corresponds to 3.8 %.

Conclusions

This is overall a good energy-saving measure. However, it is important to find a system that is
maintenance free, otherwise the cost of maintenance may be higher than the energy saving.
Experience from previous projects is that there are different solutions that work differently
well. The solution in Valla Torg within GrowSmarter resulted to be a successful solution.
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M1.1.4 - Energy classified DHW fixtures

Introduction

By using energy classified hot water fixtures it is possible to save ca. 5 kWh/m? annually. As
expressed in the evaluation plan (D5.1), the intention of the Measure was to reduce the need
of DHW while maintaining or increasing comfort and service as provided with older fixtures.
This Measure was implemented in Arsta, Stockholm.

In particular, the baseline was determined by measuring the used DHW (m?®) over the period of
one year.

The key performance indicators evaluated are:

1. Energy use for DHW (kWh/h).

2. Annual DHW use (m°®).

3. Energy use for DHW per person in building (kWh/person).
4. Energy use for DHW per square meter (kWh/m?).

Stockholm
Industry partner Contact person Validation partner
Skanska Harry Matero KTH-EGI
Stockholmshem

Hot water use is a major part of a property's energy consumption and all the hot water used
in a building is flushed into the drain. To install water efficient tap water fixtures is an easy
way to minimize the cold and hot water without compromising on the comfort.

Energy meters have been installed for measuring hot water consumption before and after
refurbishment of the houses.

Results

Two buildings in particular have been considered in Stockholm for this Measure. In one case
the measured DHW energy consumption was 22.2 kWh/m2 per year and in the second case
the measured DHW energy consumption was 19.4 kWh/m2 per year.

It is worth to notice that the baseline measurements are relatively low since some years ago,
water saving measures were taken in the form of installation of water-saving tap aerators. In
case of normal building with no modified-fixtures the DHW energy consumption can be easily
be over 30 kWh/m?2.
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Table 78 KPIs evaluated for M1.1.4 House 7G (Stockholm)

KPI Baseline Post- retrofitting | Variation
1. Energy use for DHW (kWh), annual 120453 109629 -9 %
consumption.

2. Annual DHW use (m?®). 2147 2154 0.3%
3. Energy use for DHW per person in building N/A N/A -
(kWh/person). (GDPR) (GDPR)

4. Energy use for DHW per square meter 22.3 19.4 -13%
(kWh/m?).

Potential for full scale implementation

Technical, economic and social feasibility

The energy associated with the heating of the hot water (DHW) is
Qorw = [ Mewn - Cp * (tpuw — tewm) * dT

The temperature of the DHW is expected not change significantly, while the temperature of
the City Water Main (CWM) changes with season. If the sampling interval of these are short
enough, the temperatures may be assumed to be invariant for that time period. The installation
of energy classified DHW fixtures will decrease the amount of water used. Hence, measurement
of the water consumption before and after the installation enables to estimate the energy
savings with this Measure.

Hence, again, the economic savings will be determined by the cost of heating energy for the
DHW.

The social impact will be reduced energy bills, but also the risk of annoying tenants if the fill
time of water for cooking or cleaning is significantly increase (which it is due to the function
of these devices). Care is required to install them only at appropriate sinks.

Upscaling and replicability of the Measure

This Measure is readily applicable for any city and building. Any building anywhere may use
this Measure. There is a limitation on which fixtures where this Measure is accepted by the
tenants, i.e. it is primarily suitable for hand washing sinks in toilets. It is less suitable for other
sinks (kitchen and laundry rooms) where the amount of water is of importance. Users will be
greatly annoyed if it takes too long time to fill a bucket of water or a saucepan.

M1.1.5 - New efficient air heat pumps
Introduction

Heat recovery connected to the ventilation systems is unusual in old buildings. When exhaust
air heat pumps are used, the temperature of the air is typically reduced to about 0-5°C. Initially,
a new type of heat pump was planned to be used in Arsta, Stockholm, which cools the exhaust
air to between - 10 and -15 °C. However, it was later decided to install a more ordinary exhaust
air heat pump decreasing the temperature to around 1-2 °C.

As stated in the evaluation plan (D5.1), the intention of the Measure is to recover heat from

the exhaust ventilation system to space heating and DHW, as no supply ventilation system will
be used, and enable annual savings up to 50 kWh/m?.
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The key performance indicators evaluated are:
1. Heat recovery ratio (%).
2. Effectiveness of the heat recovery system (i.e. overall COP of the system)

In Cologne, the installed heat pumps are using ambient air as a heat source. Heat is delivered
to the hydronic heating system.

Stockholm
Industry partner Contact person Validation partner
Skanska Harry Matero KTH-EGI
Stockholmshem

New type of high performance extract air unit with integrated heat pump. The compressor is
speed controlled via a frequency inverter, constantly adjusting depending on the amount of
energy that is available to recover. When tenants cook or take a shower, the heat pump also
recovers the extra energy that arises as a result of a higher moisture content and increased
air flow. This is unique to this type of heat pumps. This type of heat pump can lower the
temperature down to +1°C in the extract air.

The enery performance of the exhaust air heat pumps is currently monitored. Before the

installation of the exhaust air hea pumps all exhaust air was contributing to ventilation losses
since there was no recovery of energy.
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Figure 57 Energy flow scheme in House 6F, House 7G, House 8H

Figure 57 shows the energy flow scheme in House 6F, House 7G and House 8H.

Table 79 KPIs evaluated for M1.1.5 House 6F (Stockholm)

KPI Baseline Post- retrofitting Variation
1. Heat recovery ratio (%). - ~86 %

2. Effectiveness of the heat recovery system (i.e. - 3.66 (avg)

overall COP of the system)

Table 80 KPIs evaluated for M1.1.5 House 7G (Stockholm)

KPI Baseline Post- retrofitting Variation
1. Heat recovery ratio (%). - ~86 %

2. Effectiveness of the heat recovery system (i.e. - 3.26 (avg)

overall COP of the system)

Table 81 KPIs evaluated for M1.1.5 House 8H (Stockholm)

KPI Baseline Post- retrofitting Variation

1. Heat recovery ratio (%). - ~79 %
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2. Effectiveness of the heat recovery system (i.e. - 3.23 (avg)
overall COP of the system)

Cologne
Industry partner Contact person Validation partner
RheinEnergie Andreas Wolba KTH-EGI
Christian Remacly

The Vitocal 300-A type AWO-AC 301.B reversible air/water heat pump with electric drive for
room heating and domestic hot water heating was installed inside the estate. All 41 heat
pumps were installed in front of the houses for space reasons. The selected model is specially
designed for outdoor installation.

A complete monitoring system for the heat pump units has been installed and data collection
is ongoing. Thermal energy, electric energy, temperatures and noise are among the monitored
variables.

In order to reproduce the performance of the heat pump, an example calculation has been
carried out for the Adam Stegerwaldstr 19-25 building.

The calculation for the building was carried out for the month of October. The heat pump
energy meter measured 6166.6 kWh in total. The remaining heat is provided by district
heating. This amounts to 6352.7 kWh. This means that the heat pumps account for 49% of
heat generation.

The COP value indicates the ratio between the heat output and the required drive energy
(electricity). The average COP of the heat pumps is 2.44.

The district heating is a greater support than initially expected. The heat pumps reach their
limits especially when warm water should be heated to 60 °C in order to offer reliable
protection against Legionella infections. The temperatures are between 38 and 62 °C, the rest
of the heat is generated by the district heating system with temperatures of up to 96 °C

A complete audit for investigating the noise disturbance has been performed. The noise effect
in connection with the operation of the heat pumps in the Stegerwald settlement is not
disturbing for the residents.

Table 82, Table 83 and Table 84 present the KPIs evaluated in Cologne within M1.1.5. The
measurement campaign has been performed after the refurbishment of the
Stegerwaldsiedlung area.

Figure 58, Figure 59 and Figure 60 propose the monthly evolution over 2018 of the energy
use from the heat pump (HP) and the district heating (DH), together with the monthly average
of the outdoor temperature (T avg).
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Figure 58 M1.1.5 Adam Stegerwaldstr. 16-26 (Cologne)

Table 82 KPIs evaluated for M1.1.5 Adam Stegerwaldstr. 16-26 (Cologne) - Type 1

KPI value

1. average seasonal performance factor 2,41
2. amount of heat (kWh) 120855,8
3. amount of electricity (kWh) 47813,1
4. average flow temperature ('C) 49,4
5. average return temperature ('C) 46,1
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Figure 59 M1.1.5 Adam Stegerwaldstr. 19-25 (Cologne)

Table 83 KPIs evaluated for M1.1.5 Adam Stegerwaldstr. 19-25 (Cologne) - Type 3

KPI value

1. average seasonal performance factor 2,82
2. amount of heat (kWh) 67469,4
3. amount of electricity (kWh) 24910,9
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4. average flow temperature (°C) 49,5
5. average return temperature (°C) 47,1
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Figure 60 M1.1.5 Edith-Steinstr. 1-7 (Cologne)

Table 84 KPIs evaluated for M1.1.5 Edith-Steinstr. 1-7 (Cologne) - Type 1

KPI value

1. average seasonal performance factor 2,05
2. amount of heat (kWh) 70122
3. amount of electricity (kWh) 28285
4. average flow temperature ('C) 50,7
5. average return temperature (°C) 46,9

Potential for full scale implementation
Technical, economic and social feasibility

The ventilation is used to dilute room air and transport away pollutants generated within the
occupied space. Hence, the function of the ventilation system relies on the amount of provided
air flow rate. It cannot be reduced below a certain level regulated by national legislation.
Buildings may be ventilated in many different ways:
- Natural ventilation
- Mechanical ventilation
o Exhaust system
o Supply and exhaust systems.

In order to reduce the energy loss associated with the conditioning (i.e. heating) of the
ventilation air, a heat recovery system may be fitted to the exhaust system. If the building is
equipped with a supply system, it is convenient to simply fit a heat exchanger to transfer back
the thermal energy from the exhaust air back into the supply air. If no supply system is
installed, but only an exhaust system, a way to recover energy is to fit a heat pump to the
exhaust system. The heat recovered from the heat pump may be used for various purposes in
the building, i.e. DHW-production or space heating.

A heat pump uses significant amount of mechanical energy (in the compressor) to recover the

heat. A heat exchanger, for the Supply and Exhaust system, on the other hand only uses fan
power associated with the pressure loss of the heat exchanger as additional mechanical
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energy. The mechanical energy required of a heat pump may be estimated in several ways, the
easiest is perhaps to Measure the provided mechanical work in relation to the recovered
energy.

As a heat pumps is a thermodynamic cycle, the supplied energy to the cycle adds up to the

amount of energy leaving the system, i.e. the first law of thermodynamics for a system. Hence,
the energy balance of the heat pump is

Ql = Eel - Qrec
where @, is the thermal power dissipated from the hot side of the heat pump, E,; is the
electrical power provided to the heat pumps, and 0Q,.. is the recovered energy in the ventilation
system.
The ventilation losses, without the heat pump, will be

Qloss =p- V- Cp- (tRA - tOA)

where tg, is the temperature in the return air from the rooms, t,, is the outside air
temperature. After the installation of the heat pump, the ventilation losses will be

Qloss - Qrec =p- V- Cp- (tEA - tOA)

where tg, is the temperature of the exhaust air from the building, after the heat pump. Hence,
the recovered heat will be

Qrec =p- V- Cp-” (tra — tga)
Hence, the effectiveness of the recovery will be

€ _ Orec
HPrec ™ ZEel

which will be the instantaneous coefficient of performance of the recovery, COP. Often the
annual effectiveness is of more interest. As the effectiveness of the recovery system does not
seem to depend on the outdoor air temperature (return and exhaust air temperatures),
measurement of a shorter time period than a year will provide an adequate estimation of the
annual effectiveness as well, assuming the compressor is not fitted with speed control.

The economic feasibility will depend on the energy saving compared to the driving cost, hence
the ratio between electricity and thermal heat is important for this Measure. The investment
cost of the heat pump should also be taken into account.

A separate consideration is the feasibility of reducing the temperature of the exhaust air to
temperatures well below the ambient. This will result in a very low evaporation temperature,
and thereby in a lower COP than if a higher outlet temperature was accepted. This solution
gives a higher capacity but a lower COP than a more conventional exhaust air heat pump. In
general, an alternative could be to use both exhaust air and ambient air as heat source, in
order to keep the evaporation temperature at a higher level.

The social impact of using heat pumps could be decreased energy bills. The system will for
most parts be installed outside the apartments, which does mean little impact on the tenants.
During installation, there might be shorter periods with no or little ventilation, with the risk of
poor indoor air quality unless actions is taken for mitigating this. Disturbing noise from heat
pumps is another possible social impact. In Stockholm, the heat pumps are installed on the
roofs and should not possibly be a disturbance. In Cologne, the heat pumps are located in
separate shelters in between the buildings.
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Upscaling and replicability of the Measure: general considerations

This Measure is applicable to all cities. For warm climates with limited space heating need, the
heat pump ventilation recovery system may be used for DHW production. Also, this Measure
is easily upscalable, as long as the building is or may be fitted with an exhaust ventilation
system.

Upscaling of the Measure in Stockholm

This measure concerns the installation of a heat pump to recover losses in the ventilation air
expelled from the building. This measure will typically work for buildings having mechanical
exhaust ventilation systems, with or without mechanical supply systems. These buildings have
been identified in the energy declaration database of Stockholm, not including the ones
already having heat recovery.

The installed heat pump in Stockholm will decrease the exhaust ventilation air down to 1 °C,
at a COP, = 3.66, as reported by the responsible partner. In this case the degree hour method
may not be used, as the utilization of heat from the heat pump needs to be to accounted for'“.
As for the degree hour method, it has been assumed that no space or ventilation heating is
required if the outdoor temperature is above 17 °C, only DHW heating.

To determine the effect of a general introduction of exhaust air heat pumps, the following
calculations are done.

The obtained cooling of the exhaust air is first determined as:

QZ =p- Atemp Qv Cp - (tra — tga)
Where tg, is the room return air temperature (=~ 22°C) and tz, is the exhaust air temperature
after the heat pump (= 1°C). The specific ventilation flow rate requirements in Sweden is g, =
0.35#, and a measurement campaign has shown that for multifamily buildings the actual
ventilation is slightly higher (z 0.38%) 15, Aremp 1S the total heated floor area for which this

measure is possible to implement. This, instead, corresponds to a possible heat recovery of
8.8%. The corresponding heat pump electrical requirement is estimated as

. 0Q
Ee= COP, — 1

corresponding to 3.3 % The supplied heat from the heat pump will be estimated as
Q2

=top,—1 Oh

o)
and corresponds to 12.1%. The ratio between the theoretically recovered heat from the heat
pump and the annual ventilation losses will be

flyr deT
flyr Quenedt
where the ventilation losses are estimated as
Quent = P “Atemp * Qv " Cp * (tra — toa)

The ratio of these are 140 %, indicating that the heat pump, theoretically, can recover more
heat from the exhaust air than what is required for heating the corresponding supply
ventilation air. The reason for this is of course that the exhaust air temperature is lower than
the outdoor air temperature for many hours of the year. If, Instead, the energy recovered,

e ' What this means is that the heat pump may be too large compared to the required heat in the
building for any given hour of the year.

e " ELIB rapport nr 37, TN30.
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upgraded, and supplied to the building'® is compared to the actual ventilation losses, the ratio
will be 175 %.

However, these are merely theoretical numbers, as they do not account for the actual need of
heat in the buildings. For this purpose, two scenarios are considered;

1. The heat pump only delivers heat to DHW, and only within the demand of DHW.

2. The heat pump delivers heat to space heating, ventilation heating, and DHW, if
demand of any exists.

For the first scenario, it has been assumed that there exist a thermal storage to compensate
for the continuous heat available on the return ventilation air and the intermittency of the need
of DWH. It has been assumed that the standard apartment in Sweden is 68 m? and occupied by
1.86 persons.

It has been established that the annual hot water consumption in apartments in Sweden may
be estimated as

12 m3 N 18 m3
apartment = person

Vorw =

This corresponds, using the “standard apartment” above, to an expected annual DHW
consumption per heated floor area of
3
VDHW=0'67W

It was assumed that the temperature of the supplied DHW is 55 °C and the average incoming
city water is 8°C. Doing so, the expected annual energy use for heating DHW in the city of
Stockholm would be expected to correspond to 580 GWh. The available annual heat from the
heat pumps corresponds to 1.70 TWh. Hence, only 34 % of the available heat may be utilized,
making this a poor option.

A much better option, the second scenario, would be to utilize the recovered heat into the
overall heating system of the building, providing heat to space heating, ventilation heating,
and DHW, whenever possible. In order to be able to estimate the utilization, the heat
requirement for each hour is required. Accounting only for buildings for which this measure
is possible to implement, the total heating requirements for these buildings are obtained from
the energy declaration database. Buildings with only exhaust ventilation system installed, the

annual heating specific energy need corresponds to 131.8"W2h and to 130.9"W2h for buildings
m m

with supply and exhaust systems. Buildings with heat recovery already installed has been
excluded from the analysis. The corresponding annual heating need for these buildings is then
estimated to be 2.1 TWh. Subtracting the expected ventilation loss and energy use for DHW,
the remaining heat will be lost through the envelope of the building (Q;z = 915 GWh). Hence,
using the degree concept, and estimating of the loss coefficient for transmission loss may be

estimated (UAem, =10 %) Once this is estimated, the hourly load of all buildings relevant for

this measure may be estimated, most conveniently displayed with an energy signature.
Comparing the available heat from the heat pump, and only using as much as is needed for
any given hour, will provide an estimate of the total usefulness of the exhaust ventilation air
heat pumps. Both of these load profiles are displayed in the same energy signature in Figure
61.

e '* Only considering hours when space heating or ventilation heating are required, i.e. ty, < 17 °C.
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Figure 61 Energy signature for F and FT systems in Stockholm, not having heat recovery installed

The decrease of externally provided thermal heat will correspond to 1.43 TWh, which may be
compared to the total annual heating need (2.12 TWh), being almost 67 % saving. The recovery
from the heat pumps comes with an increase of electrical consumption, reaching almost
390 GWh. Since the Primary Energy Index for electricity in Sweden is 1.6, the primary energy
increase due electricity will be 625 GWh. As the corresponding primary factor for district
heating is 1, the reduction of Primary Energy associated with this measure will be 800 GWh.
Hence, if that is compared to the total initial heating needs of these buildings (2.12 TWh), the
reduction of primary energy corresponds to 38 %.
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M1.1.6 - New adaptive control and techniques for heating systems

Introduction

Indoor temperature sensors have been used to feedback information to the heating/cooling
and ventilation control system. It is a system that adapts to the individual building’s dynamics
and responds to weather conditions. Hence, it provides heating/ cooling more efficiently
compared to traditional systems which only use outdoor ambient temperature as the sole
parameter.

As stated in the evaluation plan (D5.1), the intention of the Measure is to demonstrate the
implementation of better control of the supplied heating and cooling to the building
potentially decreasing overheating and undercooling the buildings.

In particular, the baseline has been determined by:

1. Establishing energy consumption for heating and cooling (kWh/m?2) during one vyear,
normalized to a typical climatic year, without the adaptive control algorithm engaged.

2. Determining climatic conditions, i.e. dry-bulb air temperature ("C), humidity (-), wind speed
(m/s), wind directions (°), direct beam (normal) solar radiation (W/m?), global radiation on
horizontal surface (W/m?), diffuse radiation on horizontal surface (W/m?), total cloud cover
(Octas).

The key performance indicators evaluated are:

1. Saving of heat energy required (kWh/year) normalized by energy required without the
Measure implemented.

2. Saving of cooling energy required (kWh/year) normalized by energy required without the
Measure implemented.

Stockholm
Industry partner Contact person Validation partner
L&T FM AB Peter Anderson KTH-EGI

House 8H

An Adaptive control system was installed to complement the existing control system. The
adaptive system takes into consideration the indoor temperature together with the outdoor
temperature. This enabling the system to use the buildings inertia including solar radiation
and other activity in the house giving a higher indoor temperature. Hence, it provides heating/
cooling more efficiently compared to traditional systems which only use outdoor ambient
temperature as sole parameter.

The winter 2018 was the first winter where complete results were obtained.

The energy data is followed on hourly values measured with monthly values. The base line is
set for 2015. The year 2017 and 2018 was other optimization task executed such as lowering
temperature in stairways etc. This is leaving the Adaptive control system ready for alternately
running 14 days on 14 days off during spring 2019.

The diagram in Figure 62 below shows an example of the monitored system:
- Design (set point) supply temperature
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Supply temperature required by the adaptive system,
Average indoor temp based in selected reference indoor temperature sensors
Outdoor temperature.
Difference between the set-point and adjusted supply temperature (grey field)
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Figure 62 House 8H, example of the monitored system (M1.0 Stockholm)
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Figure 63 shows an extract from a selected period. Acording to the test were the system during
a period was shut sown, we saw that the energy saving potential for this Adaptive Control
System was 6-8% of the total savings of district Heating.

The results after winter season 2018 shows about -10% energy savings related to the adaptive
heat control Measure.

Table 85 KPIs evaluated for M1.1.6 House 8H (Stockholm)

KPI Baseline | Post- retrofitting | Variation
1. Heating energy required (kWh/year) See M1.0 | See M1.0 See M1.0
normalized by energy required without the
measure implemented.

2. Cooling energy required (kWh/year) - - -
normalized by energy required without the
measure implemented

Slaughterhouse

Due to problems in the data monitoring and communications the measurements are
continuously monitored only from late 2018.

The monitored variables are the same as in House 8H. Also in this case, the estimated energy
saving is overall around 10%.

Table 86 KPIs evaluated for M1.1.6 Slaughterhouse (Stockholm)

KPI Baseline | Post- retrofitting | Variation

1. Heating energy required (kWh/year) See M1.0 | See M1.0 See M1.0
normalized by energy required without the
measure implemented.

2. Cooling energy required (kWh/year) - - -
normalized by energy required without the

measure implemented

Arstakrénet

Similarly to House 8H, Figure 64 shows an example of the hourly data available for
Arstakronet. The results after winter 2018 confirms the level of energy savings related to
adaptive control of about 10%.

Table 87 KPIs evaluated for M1.1.6 Arstakrénet (Stockholm)

KPI Baseline | Post- retrofitting | Variation

1. Heating energy required (kWh/year) 547 911 487 502 11 %
normalized by energy required without the
measure implemented.

2. Cooling energy required (kWh/year) - - -
normalized by energy required without the
measure implemented
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Further analysis was carried out by alternately running during spring 2019. The result indicates
a potential saving between 6-8% of energy used for heating.

Potential for full scale implementation
Technical, economic and social feasibility

The technical feasibility of this Measure is high. Better temperature control of indoor climate
is becoming realizable through the ongoing digitalization of society, allowing e.g. information
about weather forecasts to be utilized as part of the control at low costs. Also, the cost of
sensors, and the infrastructure to transfer the sensor signals is constantly decreasing. It can
therefore be expected that the indoor climate in the future can be better adapted to the specific
needs, both reducing the cost of climatization (by avoiding overheating/undercooling) and the
quality of the indoor climate. The level of detail that are controlled may vary and be adopted
to the actual installed system. However, better performance is expected to involve more
aspects of the buildings energy systems that can be controlled. In the simplest form the entire
building systems is adaptably controlled by for instance outdoor air temperature and solar
radiation. On the other hand, each room may be adaptably controlled using many indoor and
outdoor sensors together with a learning algorithm to capture and be proactive on anticipated
conditions rather than reacting on actual conditions.

The evaluation of this Measure is done in a sequential manner, trying to capture the various
season in order to identify the differences between seasons. In this way both the base line and
the performance of the installed Measure are captured at the same time, at the similar ambient
conditions.

The economic feasibility will be two-fold, decreased energy consumptions and increased
comfort. Increased comfort will tend to make the building more attractive for the tenants.
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Upscaling and replicability of the Measure

The Measure may be installed in any city; the benefits will be similar regardless of the cold or
warm climate. The Measure may be implemented in any building which allow automatic control
of the building’s central heating system. Depending on the existing infrastructure, the cost
may be substantial for buildings not having sufficiently adapted energy system in place.
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M1.1.7 - Energy quality assurance

Introduction

Using an energy supervisor for all parts influencing energy performance during the whole
building construction phase is a new way of optimizing the building performance, usually
referred to as Integral Design.

According to the evaluation plan (D5.1), the intention of the Measure was to show:

1. By involvement of all key actors early in the design phase, evaluating all possible
alternatives, the most energy efficient design can be identified.

2. The energy quality manager is responsible to ensure that changes from design are assessed
from an energy efficiency point of view.

3. Experience indicate that the cost of a building does not have to be higher by implementing
energy efficient technology and solutions, if the whole processes are initially well thought
through.

Stockholm
Industry partner Contact person Validation partner
L&T FM AB Peter Anderson KTH-EGI

Valla Torg

The main purpose of M1.1.7 is to coordinate a project from an energy point of view, from start
to finish of a building construction. This with a focus at coordinating the work involving Energy
that will avoid gaps in this process. Gaps that earlier lead to raised energy use and higher cost.
By involving a person with responsibility as/for Energy Quality Assurance the question is put
on the agenda at every meeting.

During the first years with tenants it should be ensured that the calculated values of e.g.
energy use are in agreement with the actual values.

Based on earlier experiences, errors during planning and construction have been shown to
lead to 10-20 % extra energy consumption. The result of this role in GrowSmarter is positive
and accepted by all involved parties.

By nominating an exclusive Energy Coordinator to follow the project from planning phase
through construction/refurbishment phase until finished installation, gaps related to different
phases and staff transitions are avoided. Information is normally not transferred between the
phases.

Figure 65 shows the conceptual scheme followed in GrowSmarter.

The role serves as an advisory role to the Project Manager but is not responsible for decision
making. The Energy Coordinator ensures that the right techniques are chosen and put forward
in the projection phase. The Energy Coordinator also ensures that the techniques are used
optimally once the building process is concluded.
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Figure 65

L&T had the role of Energy coordinator, following the building process from its initial planning
to through implementation phase, focusing on energy savings. The Energy Coordinator
ensures that installed products are individually tested to ensure that they are operating
efficiently.

By implementing this process alongside the Energy Saving Center, it is possible to ensure that
the calculated energy use matches actual use in the end of the project and most of all also
during the coming years.

Potential for full scale implementation
Technical, economic and social feasibility

In general, implementation of this Measure should include a detailed economic analysis during
the lifetime of the building. It should therefore be expected to be economically as well as
technically feasible. Integral design tends to facilitate better building process. Since the sole
purpose is to early in a project phase identify pitfalls and best options, savings is to be made
at a later stage in the building process but also during the using phase of the building. Hence,
the technical feasibility of this Measure is good, as the only thing that is changed is essentially
the work process. As this Measure involves the construction process it is difficult to see any
social implications apart from the better indoor climate and lower costs which could be the
expected result with higher quality of the design process. Overall, the social feasibility can be
considered good, as the process leads to better constructed buildings, with less issues and
may lead to e.g. better indoor comfort and quality, less problems with correctional works.

Upscaling and replicability of the Measure
This Measure could directly be applied to any new development project in all parts of Europe.
Any positive result from the GrowSmarter project should be possible to apply in other projects.

However, the possible gains will depend largely on the competence of experts involved. The
accuracy of the predictions can therefore not be expected to be high.
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M1.1.8 - Air tightness

Introduction

Testing air tightness is not a Measure in itself, but a method to ensure the quality of the
refurbishment. Part of the buildings have been tested in order to secure the quality of
Measures implemented to the climate shield. This is not common practice to apply on large
scale or in a renovation context but can be of great importance in a climate with a fairly long
heating season.

According to the evaluation plan (D5.1), the intension of this action was the reduction of
energy use for heating and cooling by reducing infiltration over the climate envelope with an
increase IEQ (Indoor Environmental Quality) by decrease risk of draught.

In particular, the baseline was determined by measuring the infiltration flow rate (m3/s-m?
envelope area) at 50 Pa pressure difference.

The key performance indicators evaluated are:

1. Infiltration flow rate (m?*/s-m? envelope area) at 50 Pa.

2. Infiltration losses (cooling and heating) (kWh/m? floor area).

3. Reduction of energy use compared to baseline (kWh/m? floor area).

Stockholm
Industry partner Contact person Validation partner
L&T FM AB Peter Anderson KTH-EGI

As already described in M1.1.1, a campaign has been carried out to test the air leakage in the
buildings involved in GrowSmarter.

Figure 66 shows an example of air leakage results obtained in one dwelling of Valla Torg.

Table 88 KPIs evaluated for M1.1.8 House 6F (Stockholm)

KPI Baseline Post- retrofitting | Variation
Infiltration flow rate (m3/s-m?2 envelope See M1.1.1 See M1.1.1 See
area) at 50 Pa. MT1.1.1

Infiltration losses (cooling and heating) | See “Potential for full scale implementation”
(kWh/m? floor area).
Reduction of energy use compared to See “Potential for full scale implementation”
baseline (kWh/m? floor area).
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Figure 66 Example of Air-leakage test in Valla Torg, dwelling 168, House 6F.

Cologne
Industry partner Contact person Validation partner
Dewog André Esser (Dewog) KTH-EGI

The measurements for air tightness have been carried out in 4 buildings. When measuring the
air tightness according to DIN EN 13829 (method B), the requirements for air tightness
according to the Energy Saving Ordinance 2014 have been fulfilled.

All intentionally existing external openings of the building or part of the building to be
examined are closed (windows, doors, chimney draught).

To comply with the method B procedure (building envelope), all adjustable openings are closed
and all other intentionally present openings must be sealed. Heat generators with room air
connections are switched off. Ash is removed from open fireplaces. Mechanical ventilation and
air conditioning systems are switched off.

Some details of the Measure implementation have been already mentioned in M1.1.1. Table
90 shows an example of the results obtained from the test in one of the dwellings.

According to the Energy Saving Ordinance (2014), the air exchange rate at 50 Pa in buildings
without ventilation systems should not exceed the value n50 of 3 [1/h]. With an average value
of 1 [1/h], in Edith-Stein-Str.5, the reference threshold is not overcome.

In Adam-Stegerwaldstr. 22 the measured value is 1.5. Adam-Stegerwaldstr. 21 a value of 2.9.
In Edith-Stein-Str.2 a value of 1.3.
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Table 89 KPIs evaluated for M1.1.8 in Cologne

KPI Baseline Post- retrofitting | Variation

Infiltration flow rate (m3/s-m?2 envelope See M1.1.1 See M1.1.1 See M1.1.1
area) at 50 Pa.

Infiltration losses (cooling and heating) | See “Potential for full scale implementation”
(kWh/m? floor area).

Reduction of energy use compared to See “Potential for full scale implementation”

baseline (kWh/m? floor area).

Table 90 Example of air tightness measurement, Edith-Stein-Str.5

Adam-Stegerwald-Str. 21 Typ Nl
negative pressure
Apor+ Apoy- Apoa+ Apoa-
(-)4,6 Pa (-)a8
building pressure |blower pressure |building pressure [volumetric flow
reducing orifice |[Pa] [Pa] [Pa] [mA3/h]
Apm Ap Vr
Apoy (-)4,6
C (-)50 275 (-)45 350
C (-)40 209 (-)35 303
C (-)35 171 (-)30 274
C (-)27 124 (-)22 232
C (-)19 77 (-)14 181
C (-)14 46 (-)9 139
D (-)10 66 (-)5 101
Apoo (-)4,8
overpressure
Apoi+ Apos- Apoas Apoz-
(-)4,8Pa (-)4,7 Pa
Results
Vso insecurity Nsp
[m73/h] [%] [1/h]
negative pressure 172 (+/-) 7% 2,7
overpressure 195 (+/-) 7% 3
average 184 (+/-) 7% 2,9

Potential for full scale implementation

Technical, economic and social feasibility

Testing air tightness does not by itself enable any savings, unless a correction clause comes
into effect. Measurement of air tightness is a way to ensure the quality of the refurbishment
of a building. If construction companies involved are aware of the requirement for air
tightness, it can be expected that the quality of the refurbishment will increase.

It is well known that air tightness has been considered much more important in northern
Europe, where the heating seasons are long, than in the south. Air tightness does affect both
energy performance as well as perceived indoor climate. With increasing demands on indoor
climate also in the south the energy losses through infiltration will increase both during the
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heating and the cooling seasons. The technical and economic aspects of this Measure will be
depended on if correction Measures are forced into play, as well as the ventilation system
configuration. Social impact is related to the perceived indoor climate and air quality.

Applicability of the Measure to different cities

This Measure may be implemented for any city. Tests of air tightness can easily be
implemented at any scale and in any part of Europe.

Upscaling of the Measure in Stockholm

Airtightness Measure M1.1.18 is a complementary Mesure of M1.1.1. Care needs to be taken
so that the desired ventilation is not obstructed with this measure. Hence, for consideration
for upscaling, we considered only buildings within Stockholm city having mechanical
ventilation, as natural ventilation relies upon air flow over the envelope. In addition, exhaust
only ventilation also rely upon air movement over the envelope, however normally dedicated
openings are provided.

The climatic data used are according to SVEBYs data for energy simulations in buildings
(degree hours: 89458 K - hr). The specific energy use and floor area for each ventilation type
was retrieved from the energy declaration database. Again, building with natural ventilation
was excluded from the analysis. In order to being able to estimate the saving of decreased
leakages in buildings, the existing air tightness for typical buildings are required. These have
been retrieved from an earlier Swedish investigation'’. The airtightness of Swedish buildings
are sorted in 4 original built year ranges, before 1941, between 1941 and 1960, between 1961
and 1975, and between 1976 and 1988. The corresponding floor area of these age ranges was
retrieved from the energy declaration database. Then a floor area weighted area of the air
tightness was determined as:

4.96
ACHs0pq =~ —-
The floor area averaged air tightness was then applied, using the floor distribution of the
different ventilation systems installed, to estimate the leakage air flow rate according to EN

ISO 13789:2007, as:
V " ACHSOPG, e
Veota =1+£_( V1=V, )

e V-ACHsopq

In Valla Torg, Stockholm, the GrowSmarter project has found that the airtightness was
decreased with & = 62 %. Hence, the new expected air leakage flow rate may be expected to
be:

v _ V& ACHsp, " €
Xnew f ( V-V, )

1+ZL.
e V-§-ACHsopa

v, and V, are supply air flow rate (if supply fan is fitted) and exhaust air flow rate. For a balanced
system, it was assumed that these two are identical, meaning that infiltration and exfiltration
flow rates also will be equal. Employing the degree hour concept indicate that the energy loss
due to air leakages will decrease with 74 %, and relating the saving to the total heating energy
(of all multifamily houses) in Stockholm city will yield a 2.1 % saving.

e 77 Kronvall J., Boman C.A. (1993): Energy impact of ventilation and air infiltration 14th AIVC
conference, Copenhagen, Denmark 21, as referred to in: Classification of buildings with regard to
airtightness, Yanke Zou, Chalmers, Master of Science Thesis, 2010:131.
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M1.1.9 - Efficient lighting

Introduction

By implementing modern light sources, primarily LED, and control of lighting, a significant
amount of electric energy can be saved. As a part of this Measure, the lighting in elevators in
the buildings in Cologne will be controlled efficiently. These lights would, if they are on at all
times, consume as much electricity as the elevator motor. The elevator motor will also be
controlled efficiently. LED lighting will be used in staircases and other common spaces and
energy efficient appliances will be installed in common laundry rooms.

As stated in the evaluation plan (D5.1), this Measure aims at reducing the electricity demand
by implementing smart new systems for the property electrical system

In particular, the baseline is expected to be determined by:

1. Measuring property electricity consumption (kWh/m?) for a year.

2. Measuring lighting intensity, illuminance (lux) before and after change of light sources in
order to ensure that the savings is not due to reductions in illumination.

The key performance indicators to be evaluated are:

1. Lighting intensity (lux)

2. Annual electric energy use (kWh/m?).

3. Reduction of electrical consumption related to baseline.

Stockholm
Industry partner Contact person Validation partner
Skanska Harry Matero KTH-EGI

House 7G, House 8H

In the scope of M1.1.9, all luminaires in the public areas have been replaced with low-energy
lighting. The luminaires also have presence detection and improved control.

The evaluation has been carried out by measuring the energy consumption for the building
before and after the renovation.

Worth noticing, when replacing the luminaires, it is always beneficial to switch to an energy-
saving product. The price difference compared to standard installations is negligible. In
particular, the maintenance costs in the long term are reduced.

Overall, the estimated energy saving from M1.1.9 is over 70%. The measurement results are
presented in Table 92 and Table 94

Table 91 KPIs evaluated for M1.1.9 House 7G (Stockholm)

KPI Baseline Post- retrofitting | Variation
1. Lighting intensity (Ix) See Table 92

2. Annual electric energy use (kWh/mz2). | See M1.0 See M1.0 See M1.0
3. Electricity consumption 15963 kWh 3059 kWh -81 %
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Table 92 Light intensity and installed power for M1.1.9 House 7G (Stockholm)

Installation Operation Energy use | Energy use Energy use
time baseline Post-retrofitting variation %
variation

Basement -85% 3682 kWh 552 kWh -85%

Stairwell -85% 3156 kWh 473 kWh -85%

Entrance -65% 1052 kWh 368 kWh -65%

Stairwell -80% 5435 kWh 1087 kWh -80%

Laundry -80% 1052 kWh 210 kWh -80%

Storage rooms -85% 1403 kWh 210 kWh -85%

Emergency lighting 0% 158 kWh 158 kWh 0%

Installation Lux baseline Lux post

Entrance hall to the elevator 70 Ix 180 Ix

Entrance hall outside the elevator door 120 Ix 200 Ix

Room for mailboxes 210 Ix 800 Ix

Passage to stairwell next to luminaire 140 Ix 250 Ix

Passage to stairwell between luminaires 90 Ix 150 Ix

Stairwell next to luminaire 100 Ix 200 Ix

Stairwell between floors 20 Ix 35 Ix

Stairwell floor level next to luminaire 110 Ix 300 Ix

Stairwell floor between luminaires 65 Ix 130 Ix

Space for old garbage collection room 40 Ix 900 Ix

Table 93 KPIs evaluated for M1.1.9 House 8H (Stockholm)

KPI Baseline ‘ Post- retrofitting Variation

1. Lighting intensity (Ix) See Table 94

2. Annual electric energy use (kWh/m?2). See M1.0 See M1.0 See M1.0

3. Electricity consumption related to baseline. 16936 kWh 4102 kWh -76 %

Table 94 Light intensity and installed power for M1.1.9 House 8H (Stockholm)

Installation Operation Energy use | Energy use Energy use
time baseline Post-retrofitting variation %
variation

Emergency lighting 0% 105 kWh 105 kWh 0%

Stairwell -65% 4383 kWh 1534 kWh -65%

Entrance -65% 2104 kWh 736 kWh -65%

Garage -80% 2805 kWh 561 kWh -80%

Laundry -80% 701 kWh 140 kWh -80%

Storage rooms -85% 6837 kWh 1026 kWh -85%

Installation Lux baseline Lux post

Entrance hall under luminaire 90 Ix 300 Ix

Entrance hall between luminaires 50 Ix 250 Ix

Stairs between floors 15 Ix 30 Ix

Stairwell floor 100 Ix 300 Ix

Apartment storage next to luminaire 120 Ix 800 Ix

D5.4 Final report on

results of technical and social validation

109


http://www.grow-smarter.eu/

Al GrowSmarter

Apartment storage between luminaires 50 Ix 500 Ix
Sub-central near the luminaire 100 Ix 500 Ix
Sub-central between luminaires 30 Ix 200 Ix

Cologne

Industry partner

Contact person

Validation partner

Dewog

André Esser

KTH-EGI

The stairway lighting in all renovated buildings have been replaced with efficient LED lighting.
The annual electricity consumption by the lighting is recorded by the RheinEnergie meters.
The electricity for the lighting falls under public electricity.

Table 95 shows a summary of the installed power of the lighting system before and after the
refurbishment. Due to the low quality of the measurements the results in term of electricity
consumption could not be validated and are not published. No measurement of light intensity

has been provided.

Table 95 Installed power of the lighting system, before and after the refurbishment (M1.1.9

Cologne)
Staircase Cellar

Building installed lamps | area (m2): Before After Before After
Adam-Stegerwald-Str. 11-17 4 9 360W 70 W 360W 290w
Adam-Stegerwald-Str. 19-25 4 9 360W 70W 360W 290W
Adam-Stegerwald-Str. 16-26 6 9 360W 77 W 360W 290w
Edith-Stein-Str. 1-7 4 9 360W 77 W 360W 290W
Edith-Stein-Str. 2-6 3 9 360W 77 W 360W 290W
Edith-Stein-Str. 14-16 2 9 360W 77 W 360W 290W
Edith-Stein-Str. 18-22 3 9 360W 77 W 360W 290W
Edith-Stein-Str. 26-34 5 9 360W 77 W 360W 290W
Legienstr. 1-7 4 9 360W 77 W 360W 290W
Legienstr. 2-10 5 9 360W 77 W 360W 290W
Deutz-Mulheimer-Str. 152-

168 7 8,6 360W 77 W 360W 290w
Deutz-Mulheimer-Str. 170-

182 7 8,6 360W 77 W 360W 290W
GauBstr. 2-4 2 9 360W 77 W 360W 290W
Sonnenscheinstr. 1-8 1449 | 11960W | 896W | 2580W | 2436W

Barcelona

Industry partner

Contact person

Validation partner

IREC

Barcelona Municipality

Alaia Sola (IREC)

KTH-EGI

Library les Corts

LED lighting has been used in all the building lights, and natural lighting has been thoroughly

exploited.

Spot lighting measurements were done in November 2017 for Illluminance (Table 96).
Measurements of the average maintained illuminance (lux) provided on both horizontal

www.grow-smarter.eu

D5.4 Final report on results of technical and social validation

110


http://www.grow-smarter.eu/

Al GrowSmarter

ground plane and working plane were done once the building retrofitting action was
completed. These spot measurements have shown to be compliant with National regulation
(Table 97).

There is no existing monitoring of the disaggregated electricity consumption of the lighting
system in the Library. Lighting electricity consumption of the retrofitted building has been
calculated on an annual basis using the simulation software CALENER (software for building
certification in Spain). As for the baseline, measurements are not available either because the
building was not in use before retrofitting. Baseline results from simulations of a reference
building also show the global annual electricity consumption for lighting.

Table 96 Spot lighting measurements performed in November 2017 (M1.1.9 Library Les Corts).

Ground plane (lux) I Working plane (lux) | Result Type of zone
Ground floor
Entrance hall 1096,1214,1112, - Correct Entrance hall
859,946
Main room 374,399,369,308, 339,378,313,373,397 Correct Library:
322 shelves zone
Attic 378,422,297,352 472,364,311,356 Correct Library:
shelves zone
First floor
Main room 1294,1025,1466, 1663,1226,1139,1377,15 | Correct Library:
1220,1382,1360 08,1277 Lecture rooms
Staircase 123,148 - Correct Staircases
Second floor
Hall 1349 1296 Correct Library:
Lecture rooms
Room 1 1376,1287 1420,1619 Correct Library:
Lecture rooms
Room 2 1358,1279,1129, 1445,1492,1020,1168 Correct Library:
1157 Lecture rooms
Room 3 1088,1281,1328 1420,1439,1317 Correct Library:
Lecture rooms
Machine room 194 280 Correct Machine room

Table 97 Recommended minimum values according to Spanish national regulation (CTE HE 3
Energy efficiency of lighting installations, based on UNE-EN 12464-1:2003).

Type of zone Minimum average maintained
illuminance on horizontal plane (lux)
Library: Lecture rooms 500
Staircases 150
Library: shelves zone 200
Entrance hall 200
Machine room 200
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Table 98 Comparison of electricity demand and primary energy demand for lighting obtained with
CALENER simulation software.

Baseline Post-retrofitting Savings
(simulations)

Annual electricity consumption 116.7 34.3 kWh/m2-year 70.6%
for lighting (final energy) kWh/m2-year
Total primary energy 434,083 127,709 kWh/year 70.6%
consumption for lighting kWh/year
CO2 emissions due to lighting (kg 73,679.0 kg 21,582.7 kg 70.6%
CO2/year) CO2/year CO2/year

The Annual electricity consumption for lighting (final energy) obtained from the most updated
simulations (with building final lighting configuration) concludes that:

Reduction of electrical consumption for lighting, compared to a baseline building complying
with Spanish Building Technical Standard, is 70.6%.

Table 99 KPIs evaluated for M1.1.9 Library Les Corts (Barcelona)

KPI Baseline Post- retrofitting Variation
1. Lighting intensity (Ix) n/a See Table 96 n/a %
2. Annual electric energy use (kWh/m?2). 116.7 34.3 -70.6 %

3. Reduction of electrical consumption related to
) 70.6 %
baseline.

Conclusions

The results from Library les Corts (Barcelona) are based on simulation of building energy
demands and not from actual measurements. As a baseline cannot be established, the savings
in this case have to be estimated through simulations, which have been done, indicating a
saving of about 71% of the electric energy required if incandescent lighting had been used.

For the installation in Stockholm, the measured energy savings indicate an overall saving from
M1.1.9 to be over 70%.

In Cologne the installed power decreased (Table 95) but no actual results in terms of measured
energy are currently available. For this reason no conclusion can be drawn.

Technical, economic and social feasibility

The Measure of efficient lighting is a Measure which, relative to its own energy use, have
potential for large savings. According to simulations 90% may be saved. It is important when
evaluating these Measures that the service level is maintained. The lumens measurements
serve that purpose. It has reported that energy efficient lighting will have longer lifetime
compared to incandescence lighting. For a property owner with a large number of lighting
fixtures to handle, the change for these may be paid off by the fact that changing light bulb
occurs less frequent. In addition, lighting with less thermal energy dissipation will lead to less
cooling requirement during the hot season. During the heating season, less free gains are
obtained, however the heating by electricity from light bulbs will most probably be
interchanged to more (cost) efficient heating means, such as district heating or heat pumps.
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The social feasibility is also good; however, some occupants may feel discomfort by the
spectral properties of the light emitted.

Applicability of the Measure to different cities

This Measure is applicable to any city and possible to upscale to any building. The more
general light the more useful this Measure will be.
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M1.1.10.1 - Efficient and smart climate shell and equipments
refurbishment for buildings: passive Measures

Introduction

This particular Measure is referring specifically to activities carried out in Barcelona. As passive
Measures, insulation improvement on facades and roof has been implemented, as well as, low-
U values windows (window frame and glazing) and adding shading elements.

As stated in the evaluation plan (D5.1), the Measure intention was to demonstrate a reduction
of heating and cooling demand through passive interventions while increasing comfort and
quality of living.

This Measure is very wide in scope and the baseline has been determined by:
1. Measurement of aggregated gas consumption for the whole building over at least one year.
2. Measurement of aggregated electricity use for the whole building over at least one year.
3. For hotel and sport center, measurement of aggregated cooling use for the whole building,
obtained from invoices provided by the utility or from separate sub metering.
4. Determination of the effect on energy use of implementation of Energy Management
Systems (HEMS or BEMS).
5. Determination of independent variables that affect energy consumption, e.g., external and
indoor temperatures, humidity and irradiation.
6. In residential buildings the baseline established by combination of above points was
integrated with detailed building simulation when, for example, a change of the building type
occurred within the refurbishment. The simulation results has been compared to utility data
and adjusted for user behavior from surveys. In case a deviation between the simulated and
utility data for each of the energy carrier was greater than 15%, then the following additional
steps were required:
a. Air leakage testing with blower door to determine air tightness before refurbishment.
b. Window thermal status determination (such as transmission and solar gain
coefficients).
¢. Facade thermal status determination to establish U value of existing facade.
7. In case of Hotel H10 Madison the baseline was established by a combination of the above
points (1 - 5), together with detailed building model (with relevant user behavior). In case the
deviation between the modelled data and utility data for each of the energy carrier was greater
than 15%, the following addition steps were required:
a. Air leakage testing with blower door to determine air tightness before refurbishment.
b. Window thermal status determination (such as transmission and solar gain
coefficients).
c. Facade thermal status determination to establish U value of existing facade.
8. In Passeig Santa Coloma (Big Blue), the thermal status of walls has been determined using
thermal imaging.
9. Determination of relevant indoor environmental parameters, such as temperature.

The key performance indicators evaluated are:

1. U Value of windows (incl. frame) in W/m?K

2. U Value of facades in W/mK.

3. Relevant overall thermal environment evaluated at reference point.

4. If required (based on user survey), PD of local thermal comfort (draught, radiant asymmetry,
vertical air temperature difference).
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5. Sensible air temperature of the reference buildings.

6. Energy demand and consumption by heating, cooling (if applicable), DHW other electricity
uses (kWh/m? normalized for a typical climatic year, quantified by simulation or other
equivalent procedure.

7. Energy savings, in final and primary energy terms.

8. CO; emissions reduction.

Barcelona
Industry partner Contact person Validation partner
Naturgy Helena Gibert (Naturgy) KTH-EGI
IREC Alaia Sola (IREC)
Barcelona Municipality

Library Les Corts

The passive Measures in Library Les Corts included:
e Different passive sun protection systems were arranged, according to the orientation
and needs of the building.
e Large openings in the north facade.
e High thermal performance glazing.
e Treatment of the existing facades: internal folding of 10 cm of thickness, creating an
air chamber with rock wool insulation.
The main impact on the building energy use due to passive Measures is due to the insulation
improvement on facades, ground floor and glazing. The total building electricity consumption
and gas consumption was obtained from both the monitoring equipment and the invoices.

The refurbishment activities and some details of the baseline used for M1.1.10.1 have already
been mentioned in M1.0.

Table 100 KPIs evaluated for M1.1.10.1 Library Les Corts (Barcelona)

KPI Baseline | Post- retrofitting | Variation
1. U Value of windows (incl. frame) in W/m2K N/A N/A N/A
2. U Value of facades in W/m2K. N/A N/A N/A
3. Relevant overall thermal environment See M1.0
evaluated at reference point.
4. If required (based on user survey), PD of N/A N/A N/A
local thermal comfort (draught, radiant
asymmetry, vertical air temperature
difference).

5. Sensible air temperature of the reference See M1.0

buildings.

6.1 Energy demand and consumption by See M1.0

heating (Gas) (kWh/m?)

6.3 Cooling See M1.0

6.4 DHW No DHW

7. Energy savings (final energy) See M1.0

8. Energy savings (primary energy)- -28.4 %
9. CO2 emissions reduction. See M1.0
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Indoor temperature, relative humidity and CO2 concentration have been monitored on an

hourly basis. Data are available from mid-November 2018 onwards.

The following charts present the monthly mean values of indoor conditions in four different

spaces of the Library (F1, F2, FO, and FO Ateneu, located in first, second and ground floors,

respectively) compared to the outdoor humidity and outdoor temperature measured on site.
Temperature

30-

25-

O 20-

e,

o

3

© 15-

—

[0}

Q

§

- 10-
5-
0_

November December January  February March April May June July

0 F1 0 F2 -8~ FO -0 FO Ateneu B outsice
Figure 67 Temperature evaluated at reference point, Library Les Corts M1.1.10.1 Barcelona
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Figure 68 Humidity evaluated at reference point, Library Les Corts M1.1.10.1 Barcelona
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Figure 69 CO, concentration, Library Les Corts M1.1.10.1 Barcelona

As it can be observed, the mean indoor humidity is highly dependent on the mean outdoor
humidity. Indoor relative humidity always falls between 30% and 70% of humidity, which is the
range imposed by Spanish law to denote safety and comfort in offices/sedentary working
spaces. It must be noted that the outdoor humidity in Barcelona city in January 2019 was very
low (around 30% on average), which had an impact on indoor humidity.

It can be observed that, in front of lower outdoor temperature, the current control of HVAC
tends to lead to higher indoor temperatures. According to Spanish law, the temperature of the
premises where sedentary work takes place must be carried out between 17°C and 27°C indoor
temperature. This is accomplished in the library.

In terms of air quality, the CO2 concentration has also been monitored in the Library. The
following chart presents the typical evolution observed for the hourly indoor CO, concentration
in the Library during its opening hours.

Even at the end of the day (the library closes at 8pm), the trend shows air quality values that
fall within the comfort range (below 1000 ppm), thus ventilation systems are properly working
and user comfort is guaranteed.

Passeig Santa Coloma (Big Blue)

The passive Measures in Passeig Santa Coloma included:

e Replacement of all blinds in the building for better insulated blinds.

e Installation of External Thermal Insulation Composite System (ETICS), i.e. addition of
EPS and rockwool to the existing facades. In particular, the North, East and West
facades and the South facades not protected by terraces were isolated with ETICS and
ventilated facade methods, forming a mosaic in which: The EPS thicknesses are of 6, 8
and 10 cm in the coatings with mortar applied to the insulation. The rockwool
thicknesses are of 6, 8, and 10 cm in the fragments covered with ventilated facade.
The set of the satellites in the building were covered with EPS of 8 cm plastered on the
insulation in the surfaces located from the first floor and above, and with 8 cm of
rockwool and HPL ventilated facade on the surfaces of the ground floow dwellings.
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In February 2017 and February 2018, extensive monitoring and survey campaigns were carried
out to assess the indoor thermal comfort in Passeig Santa Coloma. Indoor air temperature,
relative humidity and CO2 concentration were continuously monitored over a period of one
week with a measurement resolution of 3 minutes, as well as surveys were done to the tenants.
The survey was designed by IREC to provide information for the calculations of a series of
parameters that determine the thermal comfort (PMV, PPD and indexes of local thermal
discomfort) of the total population sample.

21 dwellings participated in the campaign for baseline period and 18 dwellings participated
in the campaign done after refurbishment. In this study, the minimum number of dwellings
that are required to estimate the indoor thermal comfort of the total population of the building
was set to be equivalent to the minimum number of dwellings required for the estimation of
the mean daily indoor temperature and the mean daily indoor relative humidity of the total
population (with a pre-defined level of accuracy). A statistical approach was adopted to
determine the minimum amount of dwellings to consider in order to have representative
results in the monitoring campaigns. The result of this study showed that the minimum
amount of dwellings to be monitored according was 14. The number of volunteer dwellings
for the thermal comfort investigation in this building surpasses this figure.

The meters were placed in rooms facing three different facades (north, south and east) as
representative rooms.

Woahler CDL 210
[ (oY) TA H )
3000 T x g d ' 210
2500 | ‘ o 2095
! \ ] ' “
U o
2000 { " J L h\ '.'. \ } (-l = 9
E My i ! i 195 £ =
o : | :
S L -nn " 1l I ‘l ; = 0
= 1300 4 [ JA i & © =
g 1 Whi uf A \ ‘ Lo 8
O Y ) L i~ 'ﬂ QL/ 3 - -
1000 lI UI ,‘ \; h. 1 ll \ Poor ° g
[l " f'j i \“N . ot
“ORAL Y W 1Y “f U | ol
500 - N ) ! vy Good — ..,
0 : ™™™ t ' 175
12:00.00 AM 12:00.00 AM 12.00:00 AM 12.00.00 AM 12 00:00 AM
J12017 32017 352017 72017 392017
Date/Time

Figure 70 Example of the 3 variables monitored in a (south-facing) living room in one of the
apartments: CO2 (blue), indoor air temperature (red), relative humidity (green)

Results on discomfort due to cold environment from PMV calculations:

The Predicted Mean Vote (PMV) index is an instantaneous index that reflects the expected
average value of the votes cast by a group of people in case they would be exposed to the
same environment. The resulting indicator is classified among 5 comfort categories. The PMV
for each dwelling was obtained based on the methodology indicated in I1ISO 7730, which
requires both answers from the surveys (physical activity undertaken + clothing) and measured
variables in the dwellings (air temperature and humidity). Mean radiant temperature and air
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velocity was not possible to monitor due to the complexity of the available measurement
equipment and to reduce the disturbance of the neighbours. Consequently, the hypothesis for
PMV calculation are the following:
- Approximation of mean radiant temperature to air temperature monitored in the
room.
- Estimation of the value of air velocity (set to 0.1 m/s). This parameter is set to a
constant value throughout all calculations (pre- and post-refurbishment) in order to
avoid disturbance in the results from PMV calculation.

The comparison of the calculated PMV between baseline and post-retrofitting period was finally
done among 17 dwellings.

The PMV values have been classified in four categories, as shown in Table 101.

Table 101
PMV Category definition
category
A Comfort category recommended for spaces occupied by weak/sensitive
people
B Minimum comfort category recommended for new or retrofitted buildings
C Minimum comfort category recommended for existing buildings
D hot Discomfort due to hot environment; to be accepted for limited periods of
time
D cold Discomfort due to cold environment; to be accepted for limited periods of
time

The diagrams in Figure 71 show the results of the comfort analysis based on PMV and PPD
classification.
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Figure 71 Classification of % of time that each dwelling is under each thermal comfort category
based on the calculated PMV and PPD
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Results on discomfort due to cold environment based on surveys:

On the qualitative side, the thermal comfort in winter has also been determined based on the
answers provided to the question on surveys, shown in Table 102

Table 102
Thernjtal Cold Cool Slightly Neutral Slightly Warm Hot
sensation: cool warm

The results of the share of tenants that selected each option in the survey are shown in Figure

72.
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Figure 72 Share of answers obtained on the survey campaign for thermal sensation

The answers on winter indoor thermal sensation of surveyed tenants are more
favourable after the retrofitting works, i.e. a smaller share of tenants claim a “Cold”
thermal sensation while a higher share claim “Neutral” thermal sensation.

In general terms, the surveyed tenants explained that they had noticed an

improvement on their indoor thermal comfort during the first winter after energy
retrofitting works.

Results on local discomfort based on surveys:

www.grow-smarter.eu |

The PMV expresses the heating and cooling discomfort of the body as a whole.
However, thermal discomfort may be caused by unwanted heating or cooling of a
particular part of the body. This is known as local thermal discomfort. In these cases,

the percentage of dissatisfied (PD) is calculated independently for each surveyed local
discomfort situation.
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Temperature imbalances during the day

Temperature differences among rooms

Draught from windows and doors

0% 20% A0% 60% 80% 100%
) ) Percentage of dissatisfied (PD)
Baseline m Post-retrofitting

Figure 73 Results of Post-retrofitting survey campaign on local discomfort in Passeig Santa
Coloma

e When occurring, local thermal discomfort is mainly due to: temperature differences
among rooms (north-south orientation), cold floor and walls in winter, draught from
windows and doors, and temperature imbalances during the day.

e The percentage of dissatisfied for all the situations above has considerably decreased
during the first winter after building retrofitting.

o The main local discomfort claimed are the temperature differences among
rooms (due to north-south orientation of many dwellings). This has decreased
according to the surveyed tenants thanks to the higher external wall insulation,
which has improved the thermal comfort in the rooms facing the north facade.
Due to the same reasoning, the percentage of dissatisfied due to cold floor and
walls as well as temperature imbalances during the day have decreased.

o Even though windows have not been replaced, the dissatisfaction due to
draught has decreased. Therefore, the tenants’ perception of this reason for
local discomfort has improved with building retrofitting.

Qualitative study of thermal status of facades:

A qualitative study of the thermal status of building external walls through thermal imaging
has been done pre- and post-refurbishment. A thermal imaging camera “FLIR 7460” was used
for the study. The emissivity of the surfaces was adjusted in the camera to 0.95. Thermal
imaging was only done from the outside of the facades. Outdoor temperatures ranged between
4 and 5°C during the study.

The main conclusions regarding the impact of the retrofitting works on the facade thermal
status are the following:

NORTH FACADE: after the facade retrofitting works, the energy leaks detected initially in
forged fronts and wall enclosures are no longer detected (the surface distribution of the
measured temperature is more uniform). The joints between the installed thermal insulation
panels can be seen in some thermal images.
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19012017 64502

FLIRDS53 jpg FLR 7460
Figure 74 Thermal image of north facade before (left) and after (right) facade thermal upgrade
works

WEST FACADE: the energy leaks initially observed in forging fronts as well as the thermal
bridges in between the jambs and lintels joint point and the joinery are no longer observed
after the retrofitting works in the sections of the facade that face the apartments. In the rest
of the facade surface (which faces the staircases and is therefore not inhabited), no
improvements are detected.

19012017 E53 40
10,0

Figure 75 Thermal image of west facade before (left) and after (right) facade thermal upgrade
works

539

SOUTH FACADE: given the small proportion of the solid part over the window hole, the
protection of the eaves over the facade and the particular occupation of the terraces by the
neighbors, there has been no intervention with external insulation in these areas of the south
facade. The results from thermal imaging are therefore very similar before and after
retrofitting works.

19013017 6 0890

LS80 P T30 N 59 FLR TS " PLIR1230 | pUFLIR T48082115533

Figure 76 Thermal image of south facade before (left) and after (right) facade thermal upgrade
works
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For the climatic normalization of KPIs, the following figures have been used as a result of the
calculation of Heating Degree Days (base temperature = 15°C) in Barcelona for the
corresponding years (baseline = year 2016; and post-retrofitting = year 201 8).

e 527 Heating Degree Days in 2016
e 650 Heating Degree Days in 2018

Table 103 KPIs evaluated for M1.1.10.1 Passeig Santa Coloma (Barcelona)

KPI Baseline | Post- retrofitting | Variation
1. U Value of windows (incl. frame) in W/m2K - -
2. U Value of facades in W/m2K. - -

3. Relevant overall thermal environment Figure 71
evaluated at reference point.
4. If required (based on user survey), PD of Figure 71

local thermal comfort (draught, radiant
asymmetry, vertical air temperature
difference).

5. Sensible air temperature of the reference N/A N/A N/A
buildings.
6. Energy demand and consumption by heating 0.080 0.056 -29.8 %

(kWh/m2/HDD) normalized for a typical
climatic year

7. Energy savings (final energy) See point 6
8. Annual primary energy for heating 0.067 0.096 29.8 %
(kWh/m2/HDD) normalized for a typical
climatic year

9. Annual CO2 emissions due to heating 0.020 0.014 -29.8 %
energy demand (kg CO2/m2/HDD) normalized
for a typical climatic yearreduction.

Canyelles

The passive Measures in Canyelles included:
e Improvement of facades (opaque walls and windows) and roof insulation
e Installation of new windows with low-U values, including the window frame and
glazing
e Installation of shading elements

Figure 77 shows examples of the thermal images campaing carried out in Canyelles.

Dwelling Post Implementation

31
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Figure 77 Thermal images after the implementation of M1.1.10.1 in Canyelles

Table 104 shows the results obtained by an extensive campaign of air leakage tests performed
before and after the refurbishments. As shown in the Table, the improvements in the air
leakage reductions are between 10% and 60%

84

Table 104
M1.1.10.1 Canyelles

Where:

Campaign of air leakage tests performed before and after the refurbishments,

Dwelling Variable Units BEFORE AFTER Variation

Vso m3/h 1.109,20 447,00 -59,7%

12 Nso h' 5,84 2,36 -59,7%
qso0 m3/h.m? 4,6387 1,8694 -59,7%

EQLA50 cm? 554,34 223,39 -59,7%

Vso m3/h 927,50 488,50 -47,3%

Nso h? 4,89 2,57 -47,3%

31 dso m3/h.m? 3,8789 2,0429 -47,3%
EQLAS50 cm? 463,53 244,13 -47,3%

Vso m3/h 789,50 514,00 -34,9%

Nso h 4,16 2,71 -34,9%

32 dso m3/h.m? 3,3017 2,1496 -34,9%
EQLAS0 cm? 394,56 256,88 -34,9%

Vso m3/h 908,02 594,50 -34,5%

Nso h 4,78 3,13 -34,5%

84 qso m3/h.m? 3,7974 2,4862 -34,5%
EQLAS0 cm? 453,79 297,11 -34,5%

Vso m3/h 1.510,00 1.300,00 -13,9%

Nso h 6,93 5,97 -13,9%

142 qso m3/h.m? 5,9129 5,0906 -13,9%
EQLAS50 cm? 754,64 649,69 -13,9%

- n: exponent of air flow
- V50: Relation of the filtered air at 50 Pa.

- V25: Relation of the filtered air at 25 Pa.

- V4: Relation of the filtered air at 4 Pa.

- n50: Relation of the change of air at 50 Pa

www.grow-smarter.eu

D5.4 Final report on results of technical and social validation

n4: Relation of the change of air at 4 Pa

q50: Air permeability at 50 Pa
g25: Air permeability at 25 Pa

q4: Air permeability at 4 Pa
EQLAS5O0: equivalent surface of the leak at 50 Pa
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- n25: Relation of the change of air at 25 Pa

As an example of results, Figure 78 shows the results of the successful survey campaings run
before and after the implementation for thermal sensation in summer and winter. A 7-level
thermal sensation scale (Table 105) has been proposed before and after the implementation
with the aim to evaluate the impact of the refurbishment on the comfort, considering both
summer and winter.

Table 105 Thermal sensation scale adopted for the evaluation of M1.1.10.1 in Canyelles

Thermal Slightly Slightly
. Cold Cool Neutral Warm Hot
sensation: cool warm

A total of 35 tenants completed the survey. Overall, the ratings after the refurbishment present
good results for both summer and winter, in comparison to the results before the
refurbishment. As can be observed, the neutral sensation in summer has increased more than
20 points and in winter, it has increased 30 points. Moreover, no one in Canyelles has a “Hot”
sensation in summer, which it is a remarkable result in a Mediterranean climate.

SUMMER WINTER
(BEFORE THIE IMPLEMENTATION) (BEFORE THE IMPLEMENTATION)
Col
Hot Cool
14% 0% 10% Cool slightly cool
3% 22%
slightly cool
Warm 5% Cold
10% 29%
Hot
Slightly 0%
warm Warm Meutral
22% Neutral 0% . 39%
39% Slightly warm
7%
SUMMER WINTER
(AFTER THE IMPLEMENTATION) (AFTER THE IMPLEMENTATION)
Hot cold ‘13‘1’;: _ cool slightly cool
0% Slightly cool 0% 20%
0% 304 Cold
0%
Warm
9% Hot
0%
Warm
0%
Slightly
wWarm
14% Slightly
warm

9%

Neutral

63% Neutral
1%

Figure 78 Results of the survey campaings

sensation in summer and winter

before and after the implementation for thermal
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Table 106 KPIs evaluated for M1.1.10.1 Canyelles (Barcelona)

KPI Baseline Post- retrofitting | Variation
1. U Value of windows (incl. frame) in 5.36 1.76 -67 %
W/m2K
2. U Value of facades in W/m2K. 2.18 0.47 -78 %
3. Relevant overall thermal environment .
. Figure 78

evaluated at reference point.
4. If required (based on user survey),
PD of local thermal comfort (draught, .

. . . Figure 78
radiant asymmetry, vertical air
temperature difference).
5. Sensible air temperature of the N/A N/A N/A
reference buildings.
6.1 Energy demand and consumption 114035 50002 -56 %
by heating (gas) (kWh)
6.2 Heating (electricity) 9828 3847 -61 %
6.3 DHW 139009 119285 -14 %
6.4 Cooling 3995 2453 -39 %
6.5 Electricity 103172 112573 +9 %
7. Energy savings (final energy) (kWh) 370039 288160 22 %
8. Energy savings (primary energy) 602885/168435 484516/74421 | -20%/-56
(kWh) %
9. CO2 emissions reduction (kg 21.9/7.12 17.6/3.14 -20%/-
C02/m2) 56%

Ter 31

The passive Measures in Canyelles included:
e Improvement of facades (opaque walls and windows) and roof insulation
e Installation of new windows with low-U values, including the window frame and

glazing

Figure 79 shows the results, through thermal imaging, obtained before and after the

refurbishment.
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Dwelling Pre Implementation __ Post Implementation

E 1a

Infiltration in all the perimeter of the No infiltration detected
window

E 2a

Problems with the enclosures No infiltrations detected
Figure 79 Thermal images before and after the implementation of each dwelling
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SUMMER WINTER
(BEFORETHE IMPLEMENTATION) (BEFORE THE IMPLEMENTATION)
Hot Cold Cool Cool
0% 0% =
14% - - 15%
- Slightly cool —__ Slightly cool
15% 14%
Cold
Warm 29%
14%
_Neutral
14%
Hot
0%
Slightly
warm
14% \
—MNeutral Warm _ Slightly warm
43% 14% 14%
SUMMER WINTER Slightly cool
Hot  (AFTERTHE IMPLEMENTATION) (AFTERTHE IMPLEMENTATION)
0% Cold Cool Cool
Warm 0% S cold 9% _ Neutral
0% T 0% . 57%
Slightly Hot
warm 0%
0%
Slightly cool
29%
Neutral Warm Sl;gar:::‘y
57% 29% 14%

Figure 80 Results of the survey campaings before and and after the implementation for thermal
sensation in summer and winter

From the campaign of air leakage tests, Table 107 shows an excerpt of the obtained results.

Table 107 Comparison between the results of the Blower Door Test before and after the
implementation in Ter 31(EQLA is the Equivalent Leakage Area)*

Dwelling Variable Units BEFORE AFTER Variation
Vso m3/h 896,40 622,90 -30,5%
Nso ht 6,07 4,22 -30,5%
i dso m3/h.m? 4,4910 3,1210 -30,5%
EQLA50 cm? 447,99 311,30 -30,5%
Vso m3/h 585,99 330,65 -43,6%
Nso ht 6,05 2,24 -63,0%
E2
Oso m3/h.m? 4,4780 1,6560 -63,0%
EQLAS0 cm? 446,66 165,25 -63,0%

*Results not validated
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Table 108 KPIs evaluated for M1.1.10.1 Ter 31 (Barcelona)

KPI Baseline Post- retrofitting Variation

1. U Value of windows (incl. frame) in 5.17 2 -61 %
W/m2K

2. U Value of facades in W/m2K. 1.8 0.54 -70 %
3. Relevant overall thermal

environment evaluated at reference Figure 80

point.

4. If required (based on user survey),
PD of local thermal comfort (draught, .
. . . Figure 80
radiant asymmetry, vertical air

temperature difference).

5. Sensible air temperature of the N/A N/A N/A
reference buildings.

6.1 Energy demand and consumption - - -%
by heating (gas) (kWh)

6.2 Heating (electricity) 8313 4922 -41%
6.3 DHW 19331 16592 -14%
6.4 Cooling

6.5 Electricity 34831 28714 -18%
7. Energy savings (final energy) (kWh) 62475 50229 -20%
8. Energy savings (primary energy) 147940/19685 118941/11655 -20%/ -41%
(kWh)

9. CO2 emissions reduction (kg 61.7/7 49.8/4 -19%/-41 %
C02/m2)

Lope de Vega

The passive Measures in Lope de Vega included:
e Improvement of facades (opaque walls and windows) and roof insulation
e Installation of new windows with low-U values, including the window frame and
glazing

In Lope de Vega the results from the thermal imaging campaign and the air leakage tests is
summarized in Figure 81 and Table 109.
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Dwelling Pre Implementation Post Implementation

Facade

11

Infiltration problems solved

Infiltration in the enclosures
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14

Problems with the sealing Problems with the sealing solved

.\

Problems with the enclosures Problems solved
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Figure 81 Lope de Vega: thermal images before and after the implementation
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Cold Cool
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0%
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i Cool
i Slightly
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33%
Hot
0%
Cold
0%
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67%

Figure 82 Lope de Vega: results of the survey campaings before and and after the implementation

for thermal sensation in summer and winter

Table 109 Results of the Blower Door Test before and after the implementation in Lope de Vega

(EQLA is the Equivalent Leakage Area)

Dwelling Variable Units BEFORE AFTER Variation
Vso m3/h 895,40 539,65 -39,7%
11 Nso h' 7,72 4,65 -39,7%
gso m3/h.m? 5,45 3,28 -39,7%
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e
EQLAS0 cm? 447,49 269,70 -39,7%

Vso m3/h 795,60 263,11 -66,9%

Nso ht 6,39 2,12 -66,9%

14 dso m3/h.m? 4,6090 1,5240 -66,9%
EQLA50 cm? 397,61 131,49 -66,9%

Vso m3/h 642,20 324,55 -49,5%

Nso ht 5,16 2,61 -49,4%

24 dso m3/h.m? 3,72 1,88 -49,5%
EQLAS50 cm? 320,95 162,20 -49,5%

Vso m3/h 57,77 29,78 -48,5%

nso h1 2,89 1,49 -48,4%

34 dso m3/h.m? 1,30 0,67 -48,5%
EQLA50 cm? 28,87 14,88 -48,5%

Table 110 KPIs evaluated for M1.1.10.1 Lope de Vega (Barcelona)

KPI Baseline Post- retrofitting | Variation

1. U Value of windows (incl. frame) in 5.17 2 -61 %

W/m2K

2. U Value of facades in W/m2K. 1.8 0.54 -70 %

3. Relevant overall thermal environment N/A N/A N/A

evaluated at reference point.

4. If required (based on user survey), PD N/A N/A N/A

of local thermal comfort (draught,

radiant asymmetry, vertical air

temperature difference).

5. Sensible air temperature of the N/A N/A N/A

reference buildings.

6.1 Energy demand and consumption by -

heating (gas) (kWh)

6.2 Heating (electricity) 5817 3784 -35%

6.3 DHW 20430 16620 -19%

6.4 Cooling 619 383 -38%

6.5 Electricity 36107 31325 -13%

7. Energy savings (final energy) (kWh) 62972 52112 -17%

8. Energy savings (primary energy) (kWh) | 149120/15240 123401/9867 -17%/-
35%

9. CO2 emissions reduction (kg CO2/m2) 46.3/4.7 38.3/3 -17%/-
35%

H10 Madison

The passive Measures in H10 Madison included:
e High efficient windows: double-glazing with air chamber and wood or aluminum
carpentry (depending on the location of the window)

e Roof insulation
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A blower door test was carried out in the Hotel. The common procedure to select the windows
where the infilitrations were going to be measured was to select those windows that are more
representative (the one that faces the street, the courtyard or the one located in a corner), and
use these results to extrapolate conclusions to the entire building. In addition, the test has
been carried out in two different floors: the floor 4th (in the middle of the building) and the

floor 7th (which has above the terrace).

Table 111 H10 Madison: blower Door Test results*

Room | Correlation | n Vso Vas Va Nso Nas | Na gso qzs qa EQLA50
[m3/h] | [m3/h] | [m*/h] [h] [h?] [ [h*] | [m3*/h.m?] | [m*/h.m?] | [m*/h.m?] | [em?]
705 99.98% | 0.621 | 1,010.9 | 657.31 | 210.63 13.19| 8.58|2.75 10.634 6.915 2.216 505.21
707 99.75% | 0.60 | 717.84 | 47491 | 159.32 8.59 | 568|191 6.126 4.053 1.360 358.75
704 99.99% | 0.60 | 1,478.2 | 975.92 | 325.60 13.85| 9.14|3.05 9.324 6.156 2.054 738.75
713 99.96% | 0.62 | 869.78 | 567.91 | 184.00 12.69 | 8.29|2.68 8.322 5.434 1.761 434.68
715 99.98% | 0.62 | 1,408.6 | 919.08 | 297.23 13.75| 8.97|2.90 10.429 6.805 2.201 703.96
405 100.00% | 0.58 | 1,337.6 | 894.81 | 309.11 17.45 | 11.68 | 4.03 14.071 9.413 3.252 668.48
407 99.90% | 0.59| 882.59|585.12 | 197.37 10.56 | 7.00 | 2.36 7.532 4.993 1.684 441.08
404 99.96% | 0.59 1,035 | 687.12 | 232.63 9.69 | 6.44(2.18 6.528 4.334 1.467 517.25
413 99.97% | 0.51| 1,214.3 | 851.53 | 333.20 17.72 | 12.42 | 4.86 11.619 8.148 3.188 606.86
415 99.97% | 0.62 | 1,355.2 | 882.40 | 283.80 13.23 | 8.61|2.77 10.034 6.533 2.101 677.28

*Results not validated

After the new sealing of the windows with aluminium carpentry, the results of the blower tests

in rooms 704 and 715 are:

Table 112 Blower door test post-refurbishment, room 704*

Room 704 Units BEFORE AFTER Variation
Vso m3/h 1,478.2 1114.0 -24.6%
Nsp h1 13.8 10.4 -24.6%
so m3/h.m? 9.3 7.0 -24.6%
Wso m3/h.m?] 471 35.5 -24.6%

Al50 cm? 450.6 339.5 -24.6%
EQLAS0 cm? 738.6 556.5 -24.6%
AN50 cm? 2.84 2.14 -24.6%

Table 113 Blower door test post-refurbishment, room 715*

Room 715 Units BEFORE AFTER Variation
Vso m3/h 1408.6 1186.4 -15.6%
Nso ht 13.7 11.6 -15.6%
Oso m3/h.m? 10.4 8.8 -15.6%
Wso m3/h.m?) 46.7 39.3 -15.6%

AL50 cm? 429.3 361.6 -15.6%
EQLA50 cm? 703.8 592.8 -15.6%
AN50 cm? 3.18 2.68 -15.6%

*Results not validated
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In the Hotel H10 Madison the thermal imaging analysis allowed to identify a poor execution
of the window installations. Figure 83 shows an example of the thermal imagin executed after
the refurbishment. The installation of the window had not been executed properly and thermal
losses have been clearly identified during the tests. Figure 84 shows the same window after
the installation has been fixed.

Punto 15.8 oC

! Air leakage through a
Dist. obj. 3 balcony door frame

Figure 83 H10 Madison: thermal imaging after the refurbishment (poor installation)

Figure 84 H10 Madison: thermal imaging after the refurbishment (installation fixed)
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Table 114 KPIs evaluated for M1.1.10.1 Hotel Madison (Barcelona)

KPI Baseline Post- retrofitting Variation
1. U Value of windows (incl. frame) in W/m2K 5.9 3.24 45% %
2. U Value of facades in W/m2K. N/A N/A N/A
3. Relevant overall thermal environment evaluated N/A N/A N/A
at reference point.

4. If required (based on user survey), PD of local N/A N/A N/A

thermal comfort (draught, radiant asymmetry,
vertical air temperature difference).

5. Sensible air temperature of the reference N/A N/A N/A
buildings.
6. Energy demand and consumption by heating, 95.5 55.4 42% %

cooling (if applicable), DHW other electricity uses
(kWh/m2) normalized for a typical climatic year,
quantified by simulation or other equivalent

procedure.

7. Energy use (final energy) 391,596 227,300 42 %
8. Energy use (primary energy) 948,837 550,748 42 %
9. CO2 emissions reduction. 156,247 90,693 42 %

Potential for full scale implementation

Technical, economic and social feasibility

Improvements of the climatic shell of buildings are more or less technically feasible depending
on the age and architecture of the building. In general, such improvements are technically
possible but may be more or less economically feasible.

As adding insulation and/or changing windows of a building may influence the appearance,
such improvements may or may nhot be acceptable from a social point of view.

Applicability of the Measure to different cities

In most cities, changes to the facade facing the street requires special permits and include the
acceptance of the city architect or similar authorities. The conclusions from the specific
buildings included in the GrowSmarter project may therefore not be directly on a large scale.
This fact will be further investigated in the final report, through an investigation of the
regulations for the three lighthouse cities.

Another fact concerning the replicability is that a change in the climate shell which is profitable
in one city may not be so in another, as the possible savings due to the refurbishment may be
different from one geographic location to another.
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M1.1.10.2 - Efficient and smart climate shell and equipments
refurbishment for buildings: active Measures

Introduction

In Barcelona, the renovation of the facilities has included led lighting, photovoltaic power
plant, reducing the heating, DHW and cooling consumptions. In addition, high-efficient
lighting and pumps were installed to reduce electricity consumption. New heating radiator
loops were installed in apartments. In tertiary buildings, free-cooling and heat recovery was
implemented.

According to the evaluation plan (D5.1), the intentions of the Measure were to:

1. Reduce space heating energy consumption.

2. Reduce space cooling energy consumption.

3. Increase share of RES in electricity supply

4. Reduce DHW energy consumption.

5. Reduce electric energy demand for lighting and other consumptions (if applicable).

This Measure is very wide in scope and the baseline was determined by:
1. Heating, cooling and DHW system evaluated on a global building level. Gas, electricity and
water consumptions gathered and used as a basis to determine energy demands.
2. Equipment performances. A measurement campaign for a representative period, covering
annual climatic conditions, to obtain information from some of the equipment to be replaced:
a. Boilers
b. HVAC system
c. Other equipment that is going to be refurbished.
3. Independent variables that affect energy consumption, e.g., external and indoor
temperatures.
4. Free cooling baseline determined by measuring, if possible, the cooling demand of HVAC
system before the implementation of the Measures.
5. If available, driving energy for HVAC system for cooling for the duration of one year,
normalized to typical climatic year.
6. If available, heat recovery in HVAC system determined by measuring the heating demand of
HVAC system before the implementation of the Measures.
7. The change to LED lighting determined as the electrical energy demand to lighting system,
see M1.1.9 for details.
8. llluminance level (lux), see M1.1.9 for details.

The key performance indicators evaluated are:

1. Heating, cooling, DHW and electricity demands (kWh/yr). HVAC heat recovery system
efficiency, heat recovery ratio (%).

2. Equipment performances.

3. Average electric energy demand of lighting system and other electricity uses (kWh/yr). On-
site electricity production (kWh/yr).

4. Energy savings in final and primary energy terms.

5. Share of RES in heating cooling and electricity supply.

6. CO, emissions savings.
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Barcelona
Industry partner Contact person Validation partner
Naturgy Helena Gibert (Naturgy) KTH-EGI
IREC Alaia Sola (IREC)
Barcelona Municipality

Library Les Corts

The scope of the works related to active energy retrofitting evaluated in Growsmarter includes:
a) The air conditioning systems are of radiant floor, suitable to the large existing volumes. In
addition, it has variable airflow conditioning systems dependent on the occupancy of the
building.

b) The energy generation equipment for HVAC are highly efficient.

¢) The lighting is based on LED Technology. The Library building has an automatic lighting
regulation system consisting of photosensors connected to the lamps, allowing them to be
regulated according to the external lighting. In addition, all areas designated to administrative

use have individual control elements to manipulate the light ignition (evaluated under M1.1.9).

d) The installation of photovoltaic solar panels (28.8 kWp) for own consumption has been
incorporated into the project. The PV installation was only commissioned in January 2019.

Electricity consumption and on-site generation
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Figure 85 Total electricity consumption of the building and PV electricity generation (monitored
data) in Library Les Corts

Table 115 shows the KPIs evaluated within M1.1.10.2 for Library Les Corts.

Worth noticing, regarding the on-site electricity consumption, the baseline is based on the
building roof area, 18.9 kWp of PV should have been installed to comply with municipal
regulation (equivalent to 21 735 kWh/year of PV generation according to simulations). The
actual installation of PV is 28.8 kWp. PV generation only started on January 2019 due to legal
issues that led to delays in commissioning. Therefore, no data for 1-year operation are

www.grow-smarter.eu | D5.4 Final report on results of technical and social validation 138



http://www.grow-smarter.eu/

Al GrowSmarter

available. The reported annual PV energy generation (40889 kWh/year) is based on results
from simulations performed with the same software used for baseline.

The share of RES is calculated based on the share of electricity consumption that is supplied
by the PVs, since there is no other renewable source supplying the demand of this building.

Table 115 KPIs evaluated for M1.1.10.2 Library Les Corts (Barcelona)

KPI Baseline Post- retrofitting Variation
1.1 Heating demand (kWh/yr) See M1.0
1.2 Cooling demand (kWh/yr) See M1.0

1.3 DHW demand (kWh/yr)
1.4 HVAC recovery system efficiency

1.5 Heat recovery ratio

2. Equipment performances.

3. Average electric energy demand of lighting See M1.1.9

system and other electricity uses (kWh/yr).

4. On-site electricity production (kWh/yr). 21 735 40 889 +88 %
5. Energy savings (final energy) See M1.0

6. Energy savings (primary energy) See M1.1.10.1

7. Share of RES in electricity supply. 5.9% 11.1% +5.2 %
8. CO2 emissions savings due to local production 7.2 13.5 +88 %
(ton CO2/year)

Canyelles

The active Measures in Canyelles included:
e Substitution of old boilers by high efficient boilers in the dwellings interested. In this
measure participated 19/57 dwellings.
e Installation of water efficient taps in the dwellings that need them.

The analysis of the boiler performance has been done on one side with the average of the
performance of all the boilers substituted and on the other only for the boilers whose data
before and after the implementation was available.

www.grow-smarter.eu | D5.4 Final report on results of technical and social validation

139


http://www.grow-smarter.eu/

[\ GrowSmarter

Table 116 present the KPIs evaluated within M1.1.10.2 in Canyellas.
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Table 116 KPIs evaluated for M1.1.10.2 Canyelles (Barcelona)

KPI Baseline Post- retrofitting Variation

1.1 Heating demand (kWh/yr) 120 188 55 338 -54 %
1.2 Cooling demand (kWh/yr) 15812 9217 -42 %
1.3 DHW demand (kWh/yr) 128 723 117 496 9%
1.4 HVAC recovery system efficiency - %
1.5 Heat recovery ratio - %
2. Equipment performances. 92.6 % 98.5 % +5.9%
3. Average electric energy demand of 3013 3233 +7 %
lighting system and other electricity

uses (kWh/yr).

4. On-site electricity production - %
(kWh/yr).

5. Energy savings (final energy) 370 039/248 912 288 160/172 835 -20/-31 %

6. Energy savings (primary energy)

602 885/297 449

484 516/206 538

-20%/-31%

7. Share of RES in heating cooling and
electricity supply.

-%

8. CO2 emissions savings

-20%/-31 %

Ter 31

The active Measures in Ter 31 included:
e Installation of water efficient taps

Table 117 present the KPIs evaluated within M1.1.10.2.

Table 117 KPIs evaluated for M1.1.10.2 Ter 31 (Barcelona)

KPI

Baseline

Post- retrofitting

Variation

1.1 Heating demand (kWh/yr)

8146

4824

-41 %

1.2 Cooling demand (kWh/yr)

- %

1.3 DHW demand (kWh/yr)

15465

13274

-14 %

1.4 HVAC recovery system efficiency

%

1.5 Heat recovery ratio

%

2. Equipment performances.

%

3. Average electric energy demand of
lighting system and other electricity
uses (kWh/yr).

0%

4. On-site electricity production
(kWh/yr).

%

5. Energy savings (final energy)

62475/23611

50229/18098

-20%/-23%

6. Energy savings (primary energy)

147940/55911

118941/42856

-20%/ -23%

7. Share of RES in heating cooling and
electricity supply.

%

8. CO2 emissions savings

-20%/-31 %
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Lope de Vega

The active Measures in Lope de Vega included:

e Installation of water efficient taps

Table 118 present the KPIs evaluated within M1.1.10.2 in Lope de Vega.

Table 118 KPIs evaluated for M1.1.10.2 Lope de Vega (Barcelona)

KPI Baseline Post- retrofitting | Variation
1.1 Heating demand (kWh/yr) 9947 6645 -33%
1.2 Cooling demand (kWh/yr) 3960 1957 51 %
1.3 DHW demand (kWh/yr) 16639 13623 -18 %
1.4 HVAC recovery system efficiency - - %
1.5 Heat recovery ratio - - %
2. Equipment performances. - - %
3. Average electric energy demand of lighting 316 340 +8%
system and other electricity uses (kWh/yr).
4. On-site electricity production (kWh/yr). - - %
5. Energy savings (final energy) 62972/26586 52112/20268 -17%/-
24%
6. Energy savings (primary energy) 149117/62956 123400/47994 -17%/-
24%
7. Share of RES in heating cooling and electricity - - %
supply.
8. CO2 emissions savings. - - -17%/-
24%

Melon District

The active Measures in Melon District included:
e Connection to a District heating for the heating demand.

For Melon District the evaluation oft he KPIs for M1.1.10.2 is not directly available. Please refer

to M1.0.

Hotel H10 Madison

The active Measures in Melon District included:

e A new VRV (Variable Refrigerant Volume) system for heating and cooling
e Efficient LED lighting in common areas to reduce electricity consumption for this use

Table 119 present the KPIs evaluated within M1.1.10.2 in H10 Madison.

Table 119 KPIs evaluated for M1.1.10.2 Hotel Madison (Barcelona)

KPI Baseline Post- retrofitting Variation

1.1 Heating demand (kWh/yr) 211202 88891 -58 %
1.2 Cooling demand (kWh/yr) 180394 138409 -23 %
1.3 DHW demand (kWh/yr) N/A N/A N/A
1.4 HVAC recovery system efficiency N/A N/A N/A
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1.5 Heat recovery ratio N/A N/A N/A
2. Equipment performances. 2.5 3.5 40%
3. Average electric energy demand of lighting 32,850 22,995 70 %
system and other electricity uses (kWh/yr).

4. On-site electricity production (kWh/yr). N/A N/A N/A
5. Energy savings (final energy) 879579 628718 -29%
6. Energy savings (primary energy) 1510808 2113627 -29%
7. Share of RES in heating cooling and electricity 71% 71%
supply.

8. CO2 emissions savings. 314,01 224,45 -29%

CEM Claror Sport Center

The active Measures in Melon District included:

e The replacement of the existing lighting for the equivalent LED lamps.

e The old chiller replacement with a new high efficient electric heat pump that produces
simultaneously heat and cold.

e The spa basin connection to the new low temperature heating ring.

e The heating needs that are not covered by the Heat Pump are currently satisfied by a
new set of high -efficient condensing boilers that replace the existing ones.

e The Building Energy Management System (BEMS). This monitoring system will allow to
better assess the building’s energy consumption with the aim of applying operational
improvements

Table 120 present the KPIs evaluated within M1.1.10.2 in CEM Claror Sport Center.

Table 120 Key Performance Parameter - CEM Claror - Lighting

KEY PERFORMANCE PARAMETER RESuLT UNiTs
Annual lighting electricity consumption on the building level 41459.8 kWh/year
Reduction of electrical consumption related to baseline for lighting 24.82 kWh/m?
CO; emissions reduction due to change of lighting 0.0265 kt/year
Primary energy savings due to changes in lighting 178535 kWhP/year

The results obtained by the installation of the new condensing boiler during first semester
2018 are shown in Table 121. Savings are calculated considering only heating demand
satisfied by the new boiler, i.e. excluding heating demand satisfied by the heat pump, which
is considered in the assessment of the savings achieved by the heat pump.

Table 121 Key Performance Parameter - CEM Claror - Boiler*

MonmH Boilers natural Thermal Boiler Savings PE CO2
gas demand seasonal Savings emissions
consumption satisfied efficiency reduction
[MWh] [MWh] % [MWh] [MWh] [t]
January 110.19 111.35 100.6 32.7 39.1 8.3
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February 128.49 122.52 94.8 28.8 34.4 7.3
March 111.48 107.6 95.9 26.6 31.8 6.7
April 57.44 51.83 88.6 9.1 10.9 2.3
May 46.53 41.02 85.8 6.1 7.3 1.5
June 35.64 30.75 84.6 3.8 4.6 1.0
TOTAL 489.68 465.07 94.01 107.2 128.2 27.0

*Results not validated

In regard to the electric heat pump with heat/cold recovery, the results obtained during the
first semester are shown in Table 122.

Table 122 Key Performance Parameter - CEM Claror - EHP*

Month Electricity Global Share of RES in Savings in Primary CO:
Consumption, | Efficiency | heating supply Electricity and Energy emisssion
EHP Natural Gas Savings savings
[kWhe] [%] [kWhy] [kWh] [kWhy] [MWh] [t]
January
February
March
April 11,163.1 3.82 31,506.9 - | 31,7715 34.12 7.44
2,112.6
Mai 13,019.8 3.82 36,690.2 -383.4 | 31,6945 36.95 7.85
June 14,236.6 3.53 36,003.4 | 2,521.0 | 21,899.9 32.23 6.42
TOTAL 44,773 3.62 117,3570 24.9 | 85,365.9 102.07 21.52

*Results not validated
The following conclusions can be formulated at this stage:

e Lighting: existing lighting equipment was replaced with equivalent LED lamps. Taking
into account the data collected during measurement campaign, mainly the power
avoided, the yearly electricity savings obtained with the implemetation of this measure
are expected to be 41.5 MWh, which is equivalent to 178,5 MWh primary energy
savings and 26.5 tonnes CO2 emissions reduction. The results obtained are
satisfactory and aligned to the estimation performed during the energy audit.

e Natural gas boilers: old inefficient existing boilers, with a seasonal performance of
77.9% (LCV), have been replaced by condensing boilers. During the first six months the
seasonal performance of these new boilers has been 94% (LCV), thus obtaining an
increase of 16% in the performance, which is equivalent to 107.2 MWh natural gas
savings (in LCV), 128.2 MWh primary energy savings and 27 CO2 emissions avoidance.
The results obtained are satisfactory and aligned to the estimation performed during
the energy audit, as the seasonal performance expected was 92.8% (LCV). It is worth
mentioning that global natural gas savings in the sports centre have been higher, since
savings are calculated considering only thermal energy provided by the new
condensing boiler and a percentange of the thermal demand is satisfied by the new
electric heat pump with heat/cold recovery.

e Heat pump with heat/cold recovery: the previous chiller, only used for covering the
cooling needs, was replaced with a new Swegon AZURA PRO S4 HE 22.4 electric heat
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pump that produces heating (up to 275 kW) and cooling (up to 224 kW). When this
production is simultaneous, heat and cold are recovered. It works in heat mode or cold
mode depending on the main demand. For example: during the summer it is in cold
mode and during winter or during the night, it is in heat mode. During the first six
months the seasonal global efficiency has been 3.62, which is equivalent to 102.1 MWh
primary energy savings and 21.5 CO2 emissions avoidance. The results obtained are
satisfactory and aligned to the estimation performed during the energy audit, as the

global efficiency expected was 3.52.

Table 123 KPIs evaluated for M1.1.10.2 CEM Claror (Barcelona)

KPI Baseline Post- retrofit | Variation
ting
1.1 Heating demand (MWh/yr) (pool not included, 591.71 591.71 0
see 1.1.11)
1.2 Cooling demand (MWh/yr) 115.9 115.9 0
1.3 DHW demand (kWh/yr) N/A N/A N/A
1.4 HVAC recovery system efficiency N/A N/A N/A
1.5 Heat recovery ratio 0 36% 36% %
2. Equipment performances (boilers and heat pump 0.779 (HHV) 0.914 14 %/
respectively) /1.9 (Heat (HHV)/3.27
pump) | (Heat pump)
3. Average electric energy demand of lighting 74286 41459 -44 %
system and other electricity uses (kWh/yr).
4. On-site electricity production (kWh/yr). N/A N/A N/A
5. Energy savings (final energy- gas) (MWh/year) 1053 515.15 -42.8%
Energy savings (final energy- electricity) (MWh/year) 1012 890.9 -12%
6. Energy savings (primary energy) 3,710.4 3,406.8 -8.2%
7. Share of RES in heating cooling and electricity 0 69% 69%
supply.
8. CO2 emissions savings (t/year) 600 436 -27.3%
Escola Sert
The active Measures in Melon District included:
e Installation of a 19.5 kWp facade-integrated PV plant for self-consumption.
Table 124 KPIs evaluated for M1.1.10.2 Escola Sert (Barcelona)
KPI Baseline Post- retrofitting Variation
1.1 Heating demand (kWh/yr) Normalized 52710 -38
for a 30%
higher
occupation:
84,611
1.2 Cooling demand (kWh/yr) 102 802 119 925 -16.6
1.3 DHW demand (kWh/yr) N/A N/A N/A
1.4 HVAC recovery system efficiency N/A N/A N/A
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1.5 Heat recovery ratio N/A N/A N/A
2. Equipment performances. Gas Gas boiler:0.75 N/A

boiler:0.75 (HHV)

(HHV) Chiller: 2

Chiller: 2.2
3. Average electric energy demand of lighting N/A N/A N/A
system and other electricity uses (kWh/yr).
4. On-site electricity production (kWh/yr). 0 13060 -%
5. Energy savings (final energy) (kWh/year) 252 911 239 851- -5%
6. Energy savings (primary energy) 607 745 576 361 -5%
7. Share of RES in electricity supply. 0 5.45% 5.45 %
8. CO2 emissions savings.(t CO2) 90.29 85.63- -5%

Potential for full scale implementation

Technical, economic and social feasibility

See Measure M1.1.10.1 for general comments about this type of Measures.

Applicability of the Measure to different cities

See Measure M1.1.10.1 for general comments about this type of Measures.
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M1.1.11 - Efficient and smart climate shell and equipments
refurbishment for buildings: pool Measure

Introduction

According to the evaluation plan (D5.1), this Measure has been implemented to reduce
swimming pool area energy demand.

The key performance indicators initially expected to be evaluated are:

1. Decrease of heating demand due to heat pump for dehumidification compared to baseline
total heating demand (%).

2. Decrease of heating demand due to pool insulation compared to baseline total heating
demand (%).

4. Heat recovery ratio of shower waste water heat recovery system (%) and heat recovery system
annual total COP.

6. Decrease of energy demand of swimming pool due to all Measures compared to baseline
case (%).

As explained in the following, the KPIs have been estimated using building models.

Barcelona
Industry partner Contact person Validation partner
Naturgy Helena Gibert (Naturgy) KTH-EGI

Roof insulation and new dehumidifier with heat recovery have been installed in the CEM Claror
building. The Measures that have been carried out in this building are:
- As passive Measure, the roof over the main pool hall has been refurbished by adding
a layer of insulation within the dropped roof to reduce losses through this surface.
- The heating demand of the pool hall has been further reduced by replacing the
current dehumidifier with a new machine that consumes less electricity and includes
a thermal recovery module.

The baseline in CEM Claror consisted in data from utility meters and other available data (i.e.
occupancy, etc.). Due to a lack of consistent data to build a reliable mathematic model of the
baseline, a hybrid model using both real and simulated data was used to build it.

The baseline model has enable to identify the correlation between energy consumption and
the key independent variables that affect this consumption. Energy savings has been then
consistently calculated taking into account the adjustments (routine and non-routine) needed.

Concerning weather conditions, one of those variables impacting energy consumption, it has
been important to take exactly the same source before and after the implementation to avoid
inaccuracies. Moreover, as no meteorological sation was available in the building, the source
used has been representative of the location.

The chosen weather source for the adjustments is AEMET, which is the Spain’s Meteorological
Agency operating under the Ministry of Agriculture, Food and Environment. It provides reliable
data and all the variables needed. The weather station is located in the surroundings of
Barcelona, concretely in the Fabra’s Observatory (Latitude: 41° 25' 6" N - Longitude: 2° 7' 27"
E - Altitude: 408 m). The weather data that this source provides is:
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The parameters measured are:
- Pool space thermal demand measured at dehumidifier heating coil with a thermal
meter in kWh
- Electricity consumption by the dehumidifier measured with an electricity meter in
kWh

The data is collected from the BEMs installed in the different buildings and accumulated in the
Naturgy’s platform. Figure 86 shows an example of the data collected for the electricity
consumption of the dehumidifier:
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Figure 86: Hourly electricity consumption of the dehumidifier monitored and collected by BEMS -
CEM Claror
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Table 125 KPIs evaluated for M1.1.11 CEM Claror (Barcelona)

KPI

Decrease of final energy consumed due to new dehumidifier and pool 31%
insulation

3. Decrease of heating demand due to night covers of the pool compared N/A
to baseline total heating demand (%).

4. Heat recovery ratio of shower waste water heat recovery system (%) N/A
5. Heat recovery system annual total COP. 3.27
6. Decrease of heating demand of ventilation due to heat pumps in N/A
ventilation system compared to baseline ventilation heating demand (%).

7. Decrease of energy demand of swimming pool due to all measures 31%
compared to baseline case (%)

Potential for full scale implementation
Technical, economic and social feasibility

Indoor swimming pools are abundant all over Europe and constitute a complex thermodynamic
system, with demands for heating at different temperature levels as well as cooling,
particularly for dehumidification. For this reason, there are many possibilities of heat recovery,
particularly using heat pumps. They also consume a lot of energy, and therefore the potential
for energy savings is high. High indoor humidity in cold climates will cause condensation onto
the inside walls and windows. In addition, humans tend to favor relative humidity around 50%,
with a large range. On the other hand, high relative humidity, with a dew point close to the
water temperature of the pool, will decrease the diffusion of water from the pool into the air.
That diffusion will require new water to be added and to be heated up. As the water evaporate
from the water surface, the energy associated with the vaporization process is taken from the
water pool, which then requires external heating in order to maintain pool temperature at the
desired level.

If the pool water temperature is higher than the surroundings, thermal energy will conduct
through the wall of the pool. This rate of heat transfer will be decreased with added insulation.
In order to maintain a good water quality of the pool water, the visitors are usually instructed
to shower in advance of bathing in the pool. After the bathing, usually all visitors also shower
to clean themselves from any cleaning agents present in the pool water. Significant amount of
shower water is used in these facilities.

The type of Measures implemented in CEM Claror are not limiting the user experience and the
customers would not notice them. Thus there is hardly any risk for complaints. The energy
savings obtained for other installations may incorporate the local climate and user pattern.

Applicability of the Measure to different cities
The type of Measures could be implemented anywhere in Europe. However, there may be
differences in available forms of energy supply (primarily electricity, gas and district heating),

and differences in the relative prices of these forms. This may influence the replicability at
different geographic locations.
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M2.1 - integrated multi-modal transport for construction
materials/logistics center in slakthusomradet

Stockholm
Industry partner Contact person Validation partner
Carrier, CSLogistics Rasmus Linge KTH-EGI
Definitions

Road minutes (RM): mesure of how much time a vehicle spends in traffic to cover a certain
road link

Logistic center (LC): Site that enables the construction site to deliver bulk or small deliveries
and to deliver them consolidated just in time

Delivery Container: A Container with digital locks for 24h deliveries

Consolidated deliveries: deliveries of goods from different suppliers going in a single carrier
to one or more recipients at the construction site

Degree of Consolidated deliveries: The effect in percent of the proportion between incoming
and outgoing goods (parcels) at the LC. (total incoming goods to LC - outgoing goods from
LC)/total incoming goods to LC = X%

Description

The project “Trikafabriken” consists in a construction site where Arcona AB refurbished and
built 2 additional floors for the Real-estate company Faberge.

About 30% (2981 parcels) of the total amount of all the material for this refurbishment went
first to a Logistic center where it got consolidated with other materials and delivered just in
time to the construction site when it was needed. Also, bulk deliveries got delivered and that
could be divided into consignment for daily works.

The comparison was made between the actual output of kilometers, energy and CO2 in a “last
mile” perspective and a scenario (base-line) where all material in the same proportion of
consignments but with one vehicle for each one.

The result differs most strikingly in traffic reducing numbers and CO2 reduced emissions. The
total amount of kilometers used for transports is quite equivalent between the two modes.

The impact on traffic is improved considerably mostly in terms of flow, since the traffic volume
is considerably reduced in the 2km area around the site. An up scaled scenario where we have
to reduce emissions and energy by 60% is also demonstrated in the results.

Each delivery to the Logistic center has been booked and all parcels that have been called off
and coordinated from the specific logistic (through a software called Myloc). All data on every
consignment that has been planned with certain light/heavy trucks have been recorded and
aggregated into Traffic minutes, kilometers energy and emissions in accordance with road
section described below
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All registration of the road sections that deliveries have traveled is limited to a last mile
perspective according to illustration road section LC (inside black circle) Road sections
measured in the Base-line is illustrated in road section base-line (inside black circle). With the
data from the logistic software and the road-links described we get the result in RM, kilometers
energy and emissions.

The intentions of the Measure have been fulfilled except for evaluation of train deliveries as
first intended since Carrier moved from the initial terminal with offloading capacity for freight
trains. In contrast a digital delivery container was added to handle small load deliveries which
are normally complicated and demanding to distribute via a Logistic Centre.

Baseline

The baseline has been evaluated considering a scenario where all material in the same
proportion of consignments, and called off from the logistic center, had to be carried with
multiple vehicles, which is the case on a conventional construction site. Then it follows that
each consignment can count as one delivery on a conventional site.

Methodology

Each delivery to the Logistic center has been booked and all parcels that have been called off
and coordinated from the specific logistic (trough a software called Myloc). All data on every
consignment that has been planned with certain light/heavy trucks have been recorded and
aggregated into Traffic minutes, kilometers energy and emissions in accordance with road
section described below.

All registration of the road sections that deliveries have traveled is limited to a last mile
perspective according to illustration road section LC (inside black circle) Road sections
measured in the Base-line is illustrated in road section base-line (inside black circle). With the
data from the logistic software and the road-links described we get the result in RM, kilometers
energy and emissions. The evaluation is not taking into account the return from the
constructions site in regard of reasons explained below.

Q Q
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‘fﬁ( Carmer/CS Logistics LC ', \‘,“f:/ Carrier/CS Logistics LC
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Figure 87 Road sections: Baseline (left), with logistic center (right)

www.grow-smarter.eu | D5.4 Final report on results of technical and social validation

151


http://www.grow-smarter.eu/

Al GrowSmarter

Results

The intentions of the Measure been fulfilled except for evaluation of train deliveries as first
intended since Carrier moved from the initial terminal with offloading capacity for freight
trains. In contrast a digital delivery container was added to handle small load deliveries which
are normally complicated and demanding to distribute via a Logistic Centre.

Table 126 Results for M2.1 (Stockholm)

Emissions and energy usage (Tank to Wheel)
Total
Total Fuel emission Kg Total emissions
consumption Co2 KG Co2 Total KG Total Energy
Scenario L 0630-1830 1830-0630 Co2 use MJ
Baseline 419,5 1090,7 0 1090,7 1625,7
With logistic center 397 386,4 212,7 595,4 1574,4

The most important step to reduce emissions in the measure is to use 100 % renewable fuels
for all 259 deliveries from the LC to the construction site. This gave us a total of 50,8 kg CO2
whereas if this would have been EN590 (Swedish average described in table 1) this would have
given us 455,3 kg CO2. A small but interesting amount of reduction was achieved by
transferring 169 deliveries (by using delivery container) to nighttime with a fuel consumption
reduction of 8,2% compared to daytime.

Table 127 Impact on traffic for M2.1 (Stockholm)

Impact on traffic (last mile lllustration 1,2)

Scenario TM 0630-1830 TM 0630-1830
Baseline 4260
With logistic center 1953 845

The impact on traffic is considerable compared to the baseline scenario, deliveries had to
spend 4260 RD in daytime (0630-1830) to deliver the goods that the implemented measure
had to use 1953 RD in daytime and were 845 RD could be transferred to night time deliveries
(1830-0630).

Degree of Consolidated deliveries

As is discussed in different studies, and 3PL agents in the branch often holds that a high
degree of Consolidated deliveries is a value in itself and often find no need to explain why it
has large positive effect on traffic and emissions. In our evaluations we find this less self-
evident. In the implemented measure the degree of Consolidated deliveries was relatively low
only 24,3% (259 deliveries to LC - 196 deliveries to site)/259 = 24,3% (see Table 2). The reason
for this is that we need to receive as few deliveries to LC as possible and deliver goods in full
loaded trucks to site, without crowding the site with goods and fail to deliver just in time which
is of highest importance for the production at the construction site. This is discussed further
below.

What would it take to reduce emissions by 60%?
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Below is an up scaled scenario, in almost exact proportions as the implemented measure
above, that illustrates one way to follow in order to reduce emissions to as much as 60% (Traffic
flows is not demonstrated in this example). The most important part is 1) Bulk deliveries to
Logistic center to keep numbers of deliveries to LC down and at the same time provide the
site with just in time deliveries that the production requires at different phases of production.
l.e. all different entrepreneurs at the construction site need to order their preferable quantity
of parcels in every consignment (just in time deliveries), so the site doesn’t get overloaded at
the same time we have to fill up the trucks to keep number of deliveries down. This is possible
with the LC where we can receive bulk deliveries and then consolidated many different small
consignments in the same delivery. 2) Change to renewable fuels. The primary step that is
different compared to the implemented measure is that in this scenario the deliveries to the
delivery container at night time is contracted on 100% renewable fuels only. One minor
difference is that with 100% of goods going to LC (or via delivery container) it would be possible
to attain higher degree of consolidation and to skip light truck deliveries that has been
necessary in the case of only 30% of goods going via the LC.

Table 128 Scenario: 60% emission reduction for M2.1 (Stockholm)

Output conventional logistic 100% of deliveries (baseline)

KM

Deliveries TM  0630- TM 1830- KM 0630- | 1830-
Vehicle to site 1830 0630 1830 0630
Heavy truck/crane truck EN590 1804 10 824 0 3969 0
Light truck EN590 563 3378 0 1239 0
Heavy truck/crane truck
EN15940
Light truck EN15940
Total 2367 14 202 0 5207 0

Output 100%with LC and consolidated deliveries and delivery container (consignment to delivery container 100%
EN15940)

KM
Deliveries Deliveries TM  0630- TM 1830- KM 0630- | 1830-
Vehicle toLC to site 1830 0630 1830 0630

Heavy truck/crane truck EN590 863 1381

Light truck EN590

Heavy truck/crane truck
EN15940 656 3936 2165

Light truck EN15940 563* 2815* 1126*

Total

*563 deliveries to delivery container during 1830-0630 contracted on 100% EN15940 or equal.
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Table 129 Results on 60% emission reduction for M2.1 (Stockholm)

Emissions and energy usage (Tank to Wheel)
Total
Total Fuel emission Kg Total emissions
consumption Co2 Co2 Total KG Total Energy
Scenario L 0630-1830 1830-0630 Co2 use MJ
Baseline 1399 3637 0 3637
With logistic center 1235 1223 60 1283

Economic feasibility

The implemented measure is not economically sustainable for a single agent when it’s isolated
to just one site. Our number shows that we need at least 4 projects of the same magnitude to
reach over break even, this will be elaborated further in the economic evaluation.

Possibility to replicate the Measure

The measure is possible to replicate, and the evaluation method is possible to develop further
by making it even more refined. There is some aspect to consider, first of all, construction
sites and buildings are by few exceptions unique in design, execution and conditions internally
and externally. What is important to take into consideration in this particular case is that this
project is an annex and restoration/modernization site. If this measure was going to be
implemented on a new construction with prefabricated deliveries for foundation and frame
etc. the result would probably be different because of the heavier load on these initial
deliveries that has to be considered. In this project storage of goods on the construction site
was very limited (which often is the case in urban projects) this means that the direct deliveries
in a baseline scenario would have been large in number and small in terms of filling degree in
the trucks offloading at the site. This is obvious if we look at the high number of consignments
needed in baseline and the actual amount of deliveries to the logistic center. This tell us that
the project has taken the opportunity to do bulk deliveries that can be delivered just in time
to site.

Conclusions

The evaluation shows that even though the total amount of kilometers travelled is quite similar
between the two scenarios there is improved traffic flows and reduction of Co2 emissions in
using a LC. The reduction of emissions is in large amount connected to the fact that the trucks
travelling from the logistic center were all using 100% EN15940 which in theory could be
possible to solve in different modes also (for example, in theory, contracting suppliers on the
term that they only could run their consignments on 100% EN15940). With a LC even better
result could be attained by transfer traffic to more favorable time of the day (1830 - 0630)
this can be worked out by complementing the delivery container and the logistic center
delivering the great majority of goods at evenings/nighttime with special teams carrying the
goods to its predetermined position on site. One implementable scenario based on the data
in this particular measure above is shown in Table 128.

To have the opportunity to have just in time deliveries to the construction sites can be of very
great value but it’s a much larger field to study than this measure can handle, what we can say
in this report that has support of precedent studies is that each reception of a delivery (i.e.
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receiving and unload one vehicle) is associated with a certain cost, which is described in
Logistikmdtning enligt SCOR-modellen vid Peab och kvarteret Bergstrollet i Motala. The study
shows that on an average each reception cost approx. 2888kr. The result presented shows
that we have reduced the number of deliveries to the site by 345 (541 deliveries in base line
to 196 in the measure) This is due to bulk deliveries and consolidated deliveries from LC to
site and deliveries to the delivery container (that is placed outside the discharging zones). In
this study we have not taken into account the return of the vehicle delivering to site and LC
the reason for is the complexity of getting this information from all different kinds of supplier
and haulage firms. A requisite to attain the vital combination of bulk deliveries and
consolidated deliveries just in time for each entrepreneur at site is a logistic planning software
sophisticated enough to handle digital representation of parcels and units starting from
supplier and manufactures all the way to the predetermined position on site. To implement
this sort of planning is the main obstacle for logistics in the construction branch.

Important to mention is the unforeseen synergy effect with other Grow Smarter Measures in
this case from M9.1 where the supplier of the technique for the delivery room also developed
this solution for the delivery container that has been implemented with good results in this
Measure. The delivery container made it possible to transfer 169 deliveries in this project to
nighttime. The concept of delivery container that has been proven as a valuable concept in
this measure is now an important tool for CSL as Veidekke Sverige’s affiliate Logistic company
and will be offered to all construction sites in Sweden.
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M3.1 - Smart, energy saving tenants

Introduction

The aim of the Measure is to utilize home energy management systems to achieve energy
savings and increased home comfort in households.

Stockholm
Industry partner Contact person Validation partner
Fortum Markets Larz Pohl KTH-SEED

Fortum Markets has developed a home energy management system concept called the Active
House (AH), which allows tenants to monitor and control their energy consumption through
in-home displays.

Active House solution is a Smart Home solution by which the energy (electricity and hot water)
consumption is controlled. Dimmers, plugs and sensors are coupled to a hub (called Tingco
Box) and the data from those devices are shown on a tablet. Fortum has installed its Active
House solution in 54 apartments in south of Stockholm, in an area called Arsta. The installation
has been finalized in September 2017.

Active House reduce energy (electricity and hot water and heat) consumption in each
apartment through increasing awareness.

This measure has been implemented by installing monitoring equipment and a tablet that
shows how much electricity the tenants are using; how much it costs - right now or on a yearly
basis. The implementation of this measure involved several activities: get consent by tenants,
preparation of the cabinets to be installed in each apartment, integration of the sensors and
dimmers to the cabinets, installation and adjustments of the tablets in the apartments, and
teaching the tenants to use Active House. During implementation, all the installation works
were supervised by Fortum as a single stakeholder and Fortum’s common subcontractors were
selected (equipment providers, platform developers, and installers).

Platform Hardware Solutions Competence

Sm~=rtLiving @fortum

Figure 88 Scheme of Active House solution (M3.1 Stockholm)
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Table 130 Summary of the activities carried out within M3.1 in Stockholm

Activity

Stakeholders and their contribution

Ordering and preparation of central cabinet for
the main Tingcobox in the basement

Fortum orders the cabinets from
Alcadon AB (the cabinet manufacturer)

Make adjustments on cabinet for the Tingcobox
and internet modem in each apartments

Fortum orders the cabinets from Garo AB
(the cabinet manufacturer)

Ordering of electricity meters and delivery to
Garo AB

Fortum orders them and deliver to Garo
AB

Design and manufacturing of the Tingcoboxes

Fortum develop this internally

Delivery and installation of Tingcobox and wiring
between meters and Tingcoboxes

Fortum deliveries Tingcoboxes to
Bravida and they did the installation

Delivery and installation of dimmers

Fortum deliveries the dimmers to
Caverion and they did the installation

Integration of the sensors and dimmers to the
Tingco box

Fortum together with external

consultants

installation and adjustment of the tablet

Fortum carried out this task

Due to the implementation of GDPR Fortum upgraded the solution to a new compliant version

with a technical platform based on Amazon servers.

Figure 89 Example of monitoring platform installation (M3.1 Stockholm)
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Figure 90 New dashboard with real-time visualization of energy usage and temperature (M3.1
Stockholm)

You belong to the top 20 % of Smart Homes

Figure 91 Monitoring of electricity, hot water, heating and temperature (M3.1 Stockholm)

Evaluation procedure (M3.1 Stockholm)

Household-individual electricity consumption data on an hourly level has been collected from
all the Active House apartments. However, Stockholmshem could only deliver reference values
on a building level and on a monthly basis. Hence, the analysis was limited why not all KPI’s
could be calculated, see Table 2 below.
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Figure 92 Example of monthly electricity use. April 2018 VT 89 households

Significant differences can be seen in the usage of electricity over the year, with some
apartments of very high electricity consumption and some very low. However, it is shown that
the consumption level not necessarily is connected to the size of the apartment, as the largest
and lowest usage are in the same smaller size of m2.

Table 131 KPIs evaluated for M3.1 (Stockholm)

KPI Baseline Post implementation Variation
(yearly average
household
consumption)
1. Electricity consumption (kWh and liters per e 1 932 kWh | ***
household)
2. Hot tap water consumption (kWh and liters e 36 556 liters | ***
per household)

3. Load shift level (%)

4. Climate impact potential of changes in
energy consumption

Kk

5. Perceived change in household behavior and | ***
average system availability

***Not applicable due to limitations in data availability

Technical feasibility (M3.1 Stockholm)
Installation of SmartLiving is technical feasible in most apartments and houses, most
convenient is to do it together with other bigger renovations or in new builds.

Social feasibility (M3.1 Stockholm)

Within this Measure we have a high representation of elderly people that weren't keen on the
whole renovation and the increase of the rent. The users have started to understand and accept
the impact of the proposed solutions.
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Fortum did several visits on site to educate and help them to understand the scope. Fortum
employees, students from KTH and Fortum helpdesk helped the user engagement process.

Possibility to replicate the Measure (M3.1 Stockholm)
The measure is easy to replicate as it uses standard components and installation methods.
Conclusions (M3.1 Stockholm)

A larger number of apartments was necessary to correctly interpret the results. To be able to
utilize the full potential of these systems a larger scale and a longer period implementation is
needed.

The user engagement and selection process is definitely fundamental for this kind of Measure.
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Barcelona (Virtual Energy Advisor)

Industry partner Contact persons

Validation partner

IREC Alaia Sola, Cristina Corchero,
Manel Sanmarti

KTH-SEED

In March 2015, the City Council of Barcelona launched the campaign "Carrega't d’energia”,
based on an energy visualization platform (Virtual Energy Advisor), to decrease the electricity
consumption in the residential sector. It was the first example in the City of Barcelona of

energy policies focused on citizen behaviour.

The campaign has been carried out by means of a web platform and mobile App, with the

following goals:

e To provide information on the renewable energy potential available on the user’s
rooftops.

e To provide information on the user’s electricity consumption and give tips on how to

reduce it (Virtual Energy Advisor tool).
The Virtual Energy Advisor features include:

e Visualization of electricity consumption and consumption profiles.

e Tips and advices on how to reduce the electricity consumption.

e Opportunity of becoming part of a virtual community to exchange experiences.
e Comparison of the current consumption with consumption of previous years.

e Comparison of the user consumption with typical consumption from other users with

similar characteristics, in order to promote energy efficient behaviour.

The evaluation of this Measure is based on real measured data of the average electricity
consumption and emissions of dwellings in Barcelona, and its relationship with dwelling

surface and number of occupants.

The visualization platform was installed on different dates at each household. The two
significant batches of users signing up occurred in March 2015 and in November 2015 (Figure

93).
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Figure 93 Number of new users signing up to the Virtual Energy Advisor platform each month

Within the Barcelona Municipality campaign, data have been gathered and analyzed based on

electricity invoices from 378 dwellings.
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Baseline has been defined as the consumption data between February 2014 and January 2015
because the first platforms started being operative in March 2015. The post-measure data
have been defined as the consumption data between September 2015 and August 2016,
although some dwellings joined the platform along this period.

The annual CO2 emissions of the Spanish electrical mix are higher for the defined baseline
period compared to the defined post-measure period (Table 132).

Table 132 Average annual emissions of the Spanish electrical mix (Virtual Energy Advisor,
Barcelona)

Baseline Post-Measure Reduction

Average annual emissions of the Spanish

248. 227. 69
electrical mix (g CO2/kWh) 8.88 60 8.6%

Results

Figure 94 shows the comparison between 2014, 2015 and 2016 of the monthly average
electricity consumption considering the average dwelling consumption of each year. Figure 95
shows the same comparison in terms of electricity consumption per square meter and Figure
96 shows the results in terms of energy consumption per tenant.

Monthly average electricity
consumption (kwh/household)

H2014 W2015 wm2016

Figure 94 Comparison between 2014, 2015 and 2016 of the monthly average electricity
consumption (average dwelling)
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Figure 95 Comparison between 2014, 2015 and 2016 of the monthly average electricity
consumption per square meter
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Figure 96 Comparison between 2014, 2015 and 2016 of the monthly average electricity
consumption per tenant

The overall comparison between the baseline and the post-measure evaluation are shown in

Figure 97. Figure 98 shows also the Energy Signature chart considering the average dwelling
consumption and the outdoor average temperature in Barcelona.
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Figure 97 Comparison between baseline and post-measure results of the monthly average
electricity consumption per household
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Figure 98 Comparison between baseline and post-measure results of the monthly average
electricity consumption per household
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Table 133 shows the KPIs evaluated for the Virtual energy Advisor platform, according to the
criteria established in the Evaluation Plan.

www.grow-smarter.eu | D5.4 Final report on results of technical and social validation 165



http://www.grow-smarter.eu/

Al GrowSmarter

Table 133 KPIs evaluated for M3.1 (Virtual Energy Advisor, Barcelona)

Monthly average electricity consumption Baseline Post Variation
Per household (kWh/household) 1880 1587 -15.6%
Per household size (kWh/sqm.) 22.4 19.0 -15,0%
Per tenant (kWh/capita) 677.2 568.1 -16.1%
Energy savings per household (kWh/household, 292,8

%/household) (15.6%)

Peak load reduction per household

(kWh/household,%/household)

Emissions from electricity consumption Baseline Post Variation
Per household (kg CO2/household) 459,9 361,1 -21,5%
Per household size (kg CO2/sgm.) 5,4 4,3 -20,6%
Per tenant (kg CO2/capita) 164,7 129,0 -21,7%
CO2 reductions due to energy savings per household (kg 98.8

CO2/household, %/household) (21.5)

CO2 reductions due to peak load reduction per household

(CO2/household,%/household)

Technical feasibility

Connectivity issues have led to additional costs not initially foreseen. Another important
barrier encountered during implementation of this measure is the data confidentiality
constraints to evaluate the individual dwellings electricity consumption data.

Economic feasibility

This measure is not intended to be self-financing, as the aim of the Municipality is to both
focus energy policies on citizen awareness and collect electricity consumption profiles to
foster suitable energy policies for the city.

Social feasibility

Barcelona Municipality launched an on-line platform in 2015 as a pilot with the aim of
decreasing the electricity consumption in the residential sector of the city. It was an innovative
measure within the Municipality, as it was the first time that energy policies were focused on
Citizen actions.

With this tool, the Municipality is also able to gather information on the electricity consumption
patterns of citizens based on the city district and other variables, which may help in fostering
suitable energy policies for the city.

In order to attract new users and make the campaign to succeed, dissemination actions are of
big importance and were a significant part of the work done by the Barcelona Energy Agency.

Once every month, the user received a Newsletter to the specified email address together with
a report that indicated the expected cost of the coming user’s electricity bill. It also told the
user whether an energy saving had been achieved or not, and advices to save more energy.

The Communication Department of the Municipality disseminates the tool through the media.

The Environmental Education Department of Barcelona City Council carried out many
workshops around all the districts of Barcelona. They are local workshops on energy savings,
efficiency and energy self-sufficiency, and they always explained the tool and encouraged
people to participate in the program.

It must be highlighted that a connection between the communication campaigns and the
number of registered users has been observed. The months of March and November in 2015
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were months with a higher number of registered users coinciding with released media
communications. Since 2016, the registration of users showed to be quite constant and it
mainly coincides with local workshops.

Replication potential

In order to avoid extra costs due to both sub-meter device purchase and connectivity issues,
a proposal presented by the Municipality for future implementations is to obtain the
consumption data directly from the digital smart meters operated by the DSO with an
agreement. However, this solution is only feasible with new national regulations.

In Spain, digital meters are compulsory from 1st January 2019 on for all consumers below 15
kW of contracted power. Nowadays, the information regarding the hourly measurements by
the digital meters is confidential and accessible only for the consumer, who is theoretically
allowed to give access to it to third parties. However, in reality there is no regulation that
establishes the technical and quality conditions in which the transfer of data to a third party
can be carried out in a systematic, simple and scalable way. One has to currently use an FTP
to access the data, as it is done by the consumer’s retailer, but the process is still too manual
and the assignment of permits is not well established. Therefore, in practice, it becomes
difficult to scale this solution by using data records from official smart meters in Barcelona.

It must be acknowledged that data confidentiality issues arose when the measured energy
consumption data of the participant dwellings was to be evaluated. In order to avoid data
privacy issues, it is recommended to include this discussion/agreement from the very
beginning of the project design.

Conclusions

The electricity annual consumption of the average household has shown to be 15% lower
during the period when a significant share of dwellings were using the energy consumption
visualization platform compared to the baseline period (when no dwelling had signed up yet
to the platform).

Although the overall decrease in electricity consumption may not be only attributed to the
behavioral change of tenants, the use of this tool has proven a quantifiable impact in dwelling
electricity consumption patterns. In terms of CO2 emissions, the sample utilized in the present
study has shown an average reduction of emissions of 21.5% (annual basis) originated from
the reduction of the electrical consumption of the dwellings.

The tool has helped tenants that already showed an interest in energy efficiency to gain and
share knowledge that was often applied to reduce the electricity consumption at home.
However, it should be acknowledged that a more extensive use of the present visualization
tool among other types of users (less motivated and proactive users) would not most probably
lead to such a noticeable drop in dwelling electrical consumption as in the present case.
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Barcelona (M3.1.3)

Industry partner Contact person Validation partner
Naturgy Helena Gibert (Naturgy) KTH-SEED

A Home Energy Management system (HEMS) has been designed and developed in the
framework of GrowSmarter project. The main goal of the HEMS designed is to provide to the
customer detailed information about its energy consumption and indoor conditions, like the
temperature. Furthermore, the HEMS allow to the customer to control the boilers and some
household appliance through a mobile APP. The fact to provide under the same platform the
data monitored and control gives to the customer the opportunity to be more self-sufficient
in its energetic consumption.

HEMS is being installed in the dwellings interested of the following buildings: Canyelles, Ter
31, Lope de Vega 111, and Sibelius 3. Moreover, HEMS will be installed in Meridiana 141 and
a campaign of volunteers in GNF has been carried out with the objective to test the HEMs in
different locations and environments.

Regarding evaluation, the GNF highlights that the same dwellings that have HEMS installed are
the same dwellings that have participated in other Measures of GrowSmarter. This means that
a comparison between the consumption pre-implementation and post implementation of the
dwellings to evaluate the impact of HEMS does not have much sense because different
Measures influence the reduction of the energy consumption. For that reason, the evaluation
of this Measure will be based more on surveys, which allow to evaluate the customer
experience about the devices, functionalities and usability of HEMS.

Some KPIs have changed compared to the initial plan in order to carry out a precise evaluation
with the data available. The new set of KPIs is based m