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Abstract. Energy efficiency is priority number one in th¥l ih the last two years and efforts

to achieve it have been made in various ways: tiitaegulations, guidelines, good practice
results, education and training. The buildings @estill is the larger consumer of energy, so
many policies and national energy strategies haepgsed ambitious goals to significantly

decrease the sector’s energy consumption. An irapbgtep for the implementation of these
strategies is the detection of the potential tagnesnovate the existing building stock. This is
the objective of this study; to present the ENERBUdol which displays the current energy

performance of a group of buildings and pinpoirite energy renovation potential for the

selected buildings. An extensive study to identtig expectations of the future users was
carried out, which provided valuable feedback fur features of the tool. The tool utilizes

data from publicly available Energy Performanceti@ieates in the form of an interactive web

map and combines them with other geo-referenceal ated general information to allow for a

rating of deep renovation opportunities. The papgiains the various features of the tool, and
presents typical examples of the tool use for tedjsetakeholder interests.

1. Introduction

The reduction of energy consumption in the buildisgctor is an ongoing subject for many years. The
solutions exist and big efforts are given to previdilored energy measures to the existing building
stock. The new buildings are expected to operdi & nearly zero energy one but the existing
buildings have a wide of opportunities to chooserfrwith scalable energy efficiency results. Data
are a necessity to identify the magnitude of thergynimprovements but equally important, to make
well-founded investment decisions. Investment $® aleeded to make buildings more energy efficient
and to achieve the goal of decarbonisation. Operergment data enables the public accessibility of
geo-referenced information useful for planning éasgale remediation projects. In this context, the
Energy Performance Certificate (EPC) is an imparthata source. This paper presents a web tool
which presents energy data of buildings, other ntgmb factors that can affect the decision of an
energy renovation, and consults on potential ensagiyng opportunities [1]. The tool makes use of a
large number of building EPCs data from 13 Europsamtries and displays them in a user friendly
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interactive web map. The tool’s final goal is taifdate investment decisions for a large targetugr
which includes financial institutions, real estdbeal authorities, and home-owners.

2. User expectations as point of departure for ENEFUND tool development

2.1. Objectives of tool development
In order to achieve the objectives of the Energyodrand to meet the requirements of article 2a of
EPBD [2], there is a public interest in information where spatially localized buildings with low
energy efficiency are situated. This informationwdd for example:

e support energy service companies in developingggmadficiency projects;

o enable comparison with neighboring buildings andstltontribute to developing market

dynamics;

e sensitize the population to energy efficiency a@} @duction issues.
The ENERFUND tool clearly aims at the developmdneanomic activities in order to achieve the
goals of the energy and climate policy, and tonsjtiegen the exemplary role of public buildings,
especially at municipal level. Therefore, it wasgmaount to understand user expectations in order to
ensure future tool uptake.

2.2. Identifying user requirements

Four strategic types of users have been identifiathely local authorities, energy services companie
(ESCOs), financial institutions, and the generabligpuas the fundamental the target groups. Many
activities took place including meetings and wodgshin order to acknowledge their preferences [3].
Figure 1 presents the origin of the target grogrsafnumber of conducted meetings while Figure 2
shows the same target groups during workshops.

I Building owners |l ESCOs Investors, Banks

I Policy makers and Local Authorities |l Trades people and professionals
I Real Estate companies | Universities, Research Organizations

B NGOs | Others
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Moeting 1 Meotng 2 Meeting 3 Meeting 4

Meeting 5 Meeling 6 Meeling 7 Meeling &

Figure 1. The target groups of the meetings.
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I Building owners |l ESCOs Investors, Banks

I Policy makers and Local Authorities |l Trades people and professionals
I Real Estate companies M Universities, Research Organizations

B NGOs M Others
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Workshop 1 WWorkshop 2 Workshop 3 Workshop 4

Figure 2. The workshops target groups.

From the early steps of concept development, thERFNUND team approached potential users in
many ways in order to learn about their perceptegarding the tool characteristics they would tike
see. Opinions were collected via telephone comnatinitc, email contact, presentations in various
buildings related events, but mainly through megtiand workshops dedicated to the tool as it can be
appreciated in the target groups that the meetamgisworkshops carried out were addressed to [3].
The basic objectives of the meetings are presentemjure 3.

Il Promotion of the tool |l Evaluation of the tool
Establishing connections (strategy meeting) |l Other(s)

hhhnllh._

Meeting 1 Meeting 2 Meeting 3 Meeting 4 Workshop 1 Workshop 2 Workshop 3 Workshop 4

sporting on the project [ Training Other(s)

10
| JI Il
Meeting 5 Meeting 6 Meeting 7 Meeting 8

Figure 3. Objectives of meetings (left) and workshops (igh

Questionnaires have also been prepared to receng#ponses about the layout of the tool, its ehse
use, and above all the quantity and quality of geitevided. The purpose of the questionnaires was
twofold: (1) to gather opinions on the informatitve tool should present at the beginning of tool
development, and (2) to evaluate the usefulnetiseafool at the end of the funded project, in otder
collect input for future developments.

Among others, the following information was foumdde important:

e Type of building use (because it allows for a roaghessment regarding energy demand);

e Year of construction (because it allows for a roumgsessment regarding construction

typology and possible renovation cost);
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e Type of fuel (to be used for planning the decarbainon of the building stock);

e Annual final energy demand [kWh] for space heatind domestic hot water, separately, for
residential buildings, and process heat for nordesgial buildings (because it will be useful
information for energy spatial planning);

e Suitability for installation of solar technologidsolar thermal and photovoltaic systems,
needed for planning the decarbonization of thedingl stock);

e Additional information to be given in order to adds energy poverty.

o Especially for the municipalities the following f&stions were recorded:

0 A tool like ENERFUND could be certainly used to mate municipalities to issue
and display EPCs for their own buildings, in orteshow how energy performance
improves over time.

o In particular, municipalities could use the toot fiweparing their Sustainable Energy
Action Plans (SEAP), and to show and compare fteifiormance. It will be also help
them tomonitor energy renovation targets with actual agieents.

The non-energy benefits of energy efficiency messunust be emphasized, because it is clearly
not sufficient to increase energy efficiency aloféis limitation to exclusively energy related
performance is considered an important reason wnieyest in energy performance contracting (ESCO
contracts) is still limited.

User requirements on one hand and data availabititthe other hand formed the framework for
developing the ENERFUND tool.

3. The ENERFUND tool

3.1. Available data source and technical solution

EPC databases were identified as the major somrcéghé ENERFUND tool since they include a
variety of important information for the energy fmemance of the buildings. Additional databases,
including significant data for the energy renovatidecision making process were also embedded,
where available. The level of access on EPC datahdepends on the country. In some countries, the
access to EPC data is given freely, e.g. in Denpthek Netherlands, the United Kingdom while in
other, only aggregated results or a small sammerade publicly available, e.g. France, Romania,
and Greece. However, in most of the countries studi.e. Cyprus, Austria), there is no publicly
available access to the EPC database. Completssattcéhe core of the database, meaning access to
all raw data, is not provided by most Member Statelsile in none of the cases were the data
geocoded in such a way that the data could be atiwaily mapped on the tool.

3.2. Overview of country data

In April 2019, more than 8 million EPCs were mapaaoss 13 countries. In total, more than 73
million unique data entries (such us wall enerdicieincy, construction year, etc.) are availabtanfr
the tool, but this differs from country to countfigure 4 presents the allocation of the buildidgt&a
according to the country. It can be seen that enNletherlands, 2.864.901 buildings are registened i
the ENERFUND tool, while in Cyprus only 53 buildmdrhis relates not only to the amount of EPC
data issued but mainly to the availability of thelsga. Another important issue for the tool was the
building details of the data provided, which aréuahle guides to extract the energy saving potentia
The main parameters dealt with were: the energygoay, the potential energy rating, the produced
ENERFUND score, the walls/windows/roof energy efficy, the main fuel type used for heating
purposes, the building area, the building type, #iedconstruction year. Table 1 presents all abksla
data provided by each country. Additionally, theitability of aggregated data is also stated (Feanc
and Romania). It can be seen that the parameteys significantly from country to country. In
Slovakia, for example, only the EPC rating andldbiding type are available in the tool, while the
UK, 10 parameters per EPC are available in theiredjfiormat.
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Figure 4. Number of EPCs included in ENERFUND tool per coynt

Table 1.Data parameters per building included in ENERFUNEI per country.

Walls \indows ROOf Main fuel Buil-

Country Current Potential ENERFUND €nergy energy €nergy type Area ding Constru- Aggregated

rating rating score eff. eff. eff.  (heating) (m?) type ctionyear data
BG v v 4 4 v
CcY v 4 v
DK v v v v v v v v v
ES v 4 v v
FR v v v
GR v v v v v
IE v v v v v v v v v v
IT v
NL v v
RO v v v v v v
Sl v v v v v v
SK v v
UK v v v v v v v v v v

4. ENERFUND use
The navigation to the tool is quite easy and ther liss the ability to refine his or her search in a
specific area by directly obtaining information thre number of buildings and their energy category
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which is color-coded, with deep green for the If@st or A) and gradually turns to red for the worst
category (e.g. G). The user can easily chooseastesriteria and through filtering, to see the hssu
directly.

Another feature of the tool is the comparison betwevo or more buildings. The buildings are
selected from the map and then, in a separate windhe results of their comparison are displayed.
These figures indicate the type of building, itergy category, its floor area, the number of roatms,
energy performance of the envelope materials, etc.

With the above process, information on energy-sapiotential can be easily and quickly found in
a wide range of interests: from building level,lbing block, to a district, city, country, and kdiitg
opportunities for energy renovation of buildingstba basis of economic criteria.

The latest feature of the tool offers the oppotiutd compare deep renovation opportunities of
single buildings through the ENERFUND score. Ib&sed on a multi criteria analysis methodology
and the ratings provided go from 0 (no potentialdeep renovation) to 100 (highest potential) amed a
the result of a relation which takes into accowviesal parameters selected as key drivers foringild
energy retrofitting, including total floor area,ezgy saving potential of the building, construction
year, average regional building price, occupangglleown financial contribution to renovation cgsts
noise levels and ownership status. The formula wsesideveloped so that it could be common and
applicable to all countries where open data islalks.

Some examples of the tool use are presented below.

Example 1: Residential buildings — Spain
The focus of this example is to identify which desitial building should be renovated first accogdin
to the ENERFUND score. So, once given a determared (Barcelona, Spain), the chosen filtering
options in order to get a bigger impact on the vation works were applied (refer to Figure 5):
Energy rating “G”
Area bigger than 1,000
Building type: residential

+ | Municipalities: Barcelona > ‘Spam ~

acia
9 4 < Energy

Rating

© - [
@
(<} Enerfund Score

(] grant

Construction

© Area (m?)

Building Type

Figure 5. Used filters and selected buildings — Barcelona.

Three buildings with the same EPC rating (G) lodate the same area were selected (dots in
Figure 5) and the outcome of their comparison @wshin Figure 6.



SBE19 Thessaloniki IOP Publishing
IOP Conf. Series: Earth and Environmental Science 410 (2020) 012056  doi:10.1088/1755-1315/410/1/012056

# Roport/Alter @ Remove 3 Roport/Alter B Remove

Barcelona

# Roport/Alter @ Remove
Barcelona Barcelona
08037 08037 ost Cod 08033

2026m* 2 P 5 2
1498m° floor area 1080

Spain
y Spain Spain

Enerfund Score 806
Eenl 711 Enerfund Score

Figure 6. Residential buildings comparison.

It can be seen that two of the buildings have #mesEnerfund Score 71.1 and the other one has a
higher score of 80.6, therefore this building skdug renovated first.

Example 2: Office buildings — UK

The second example is using the filtering optiointhe tool, and the ENERFUNS score, to identify
higher energy renovation opportunities in officelldings in Birmingham, UK. The following
filtering options were activated (refer to Figuie 7

Energy rating “F” to “G”
Area bigger than 900 m
Building type: Office

* >
z o
(<} Energy
(a]e]c] B - |
Q o (]
o 0o T
\ o Construction
° ©© [O) :
Efficiency
= @  Main Heat Fuel Type
-] Dust Fuel A ances Mineel « <
e T
e
el -3 o | “'

Figure 7. Used filters and selected buildings — Birmingham.
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Three buildings located in the nearby area werected (dots in Figure 7) and the outcome of their
comparison is shown in Figure 8.

¥ Report/Alter @ Remove 3 Report/Alter @ Remove

#¢ Report/Alter @ Remove
E08000025 Local Authorit E08000025 E08000025
B25QP B2 5BN Post Code B24LS

23-24 Bennetts Hill. , 23-24 Bennetts Hill. 8 Temple Street. . 8 Temple Street

37 Corporation Street. . 37 Corporation Street.

Office B1 Offices and Workshop businesses

B1 Offices and Workshop businesses

FI GI GI
2245m? 1345m? Total floor area 1174m?
United Kingdom (Non-residential) United Kingdom (Non-residential) Count United Kingdom (Non-residential)
Main Heat Fuel Type Natural Gas Main Heat Fuel Type Natural Gas Main Heat Fuel Type Grid Supplied Electricity
i =] | [ =

Figure 8. Office buildings comparison.

The Enerfund score prioritised the buildings witdErate G to be renovated getting a higher score
(71.1).

Example 3: School buildings - Romania

This example is focused on the identification of #ducational buildings located in Cluj-Napoca,
Romania which need renovation and have the higiwential for energy savings. The municipality is
using the tool and the chosen filtering optionglemtify the buildings are (refer to Figure 9):

Energy rating — current “F” or “G”

Energy rating — potential “A” or “B”

Area bigger than 300

Building type: Education

PN

(] 3 ] -0 0 no =

) Construction

W Edcaton

TN ECTTTE

Figure 9. Parameters filtered and selected buildings —Sapoca.
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Three buildings with EPC rating from “E” to “F”, dated in the same area, were selected:

V. 4
: I o
7
\/ 4 a’v‘
@ |liceul de' Muzica
Sigismund Toduta
¢ i
Wy

# Roport/Alter B Remove 3 Roport/Alter @ Remove

Addres: 60 Paris ddress 26 Fabricii
erty Type Education Property Type Education
E E

e] nl

Figure 10. Educational buildings comparison.

The three educational units were identified in kss 2 minutes by the municipality as having the
highest potential for renovation, the schools bémthe administration and responsibility of thedb
authority.

5. Conclusions

The interaction with the future stakeholders angrs1®f the tool led to many adjustments, additions,
tips and guidance of the latest tool versions @lkirio account as much as possible the qualithef t
data provided, the credibility of the data sour@ey] the restrictions on the data use many cogntrie
have set.

The views on the developed tool have been recoataaring both positive and negative answers,
together with the possible reason, e.g. the toal feand useful because of the possibility to corapar
buildings or because of the graphical represemtaifadhe data provided or because of the quantity o
the ENERFUND data provided, etc. [4]. A wide distition of answers shows the existing priorities in
the European countries. Figure 11 presents thdtsefsom 2 countries, namely Spain and Greece. It
can be seen that specific tool features were foprdcipally important, e.g. the graphical
representation of the information (21% in Greet®),filtering options (19% in Spain), the functimn
compare buildings (19% in Greece and 15% in Sp&nggther with the inspiration to develop other
projects/initiatives (19% in Spain, 13% in Greec&he usefulness of the tool reached a high
percentage (94% in Greece, 78% in Spain).

Why do you find it useful? Why do you find it useful?
Inspire the development of other... Inspire the development of other projects/initiatives o3
Correlate EPC data with other datasets (i.e.... - 17% Correlate EPC data with other datasets (i.e. poverty... 0%
Check my properties | 0% Check my properties S
Investments purposes . Investments purposes —t
Quantity of thedata Tgtem Quantity of the data 6%
Quality of the data. 6% Quality of the data, %=
Filtering options ' e Filtering options 110%™
Graphical representation of the information... a%= Graphical representation of the information (EPC... L
Compare buildings —15% Compare buildings e ——m
0% 5% 10% 15% 20% 25% 0% 5 10 15% 20 25

Figure 11.Important features of the tool for Spain (leftgaBreece (right).
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The results clearly show that the ENERFUND toatassidered very useful, especially regarding
inspiring the development of other project actesti Comparison of buildings is also certainly a
feature appreciated by many stakeholders. In #gand, the ENERFUND score was developed as a
methodological approach in order to allow for congun and rating of deep renovation opportunities
across European Member States. In practice, ietlout that required data often are not available a
part of the Member States’ OGD (open governmend)ddata sets and that data quality is quite
different. This does not only apply to Member Statevel but also to regional level, for example in
Spain or Austria, where the resulting EPCs and ER@Gbases differ depending on the regional
specifications. As a conclusion, it is stated thadreferenced utilization of EPC and other relevant
data, and the quality of these data, strongly depen national and regional framework conditions
which are different, as a consequence of the Earopegislation and the way it has been implemented
in the Member States. Therefore, additional guidammtes or new ones are necessary for interpreting
European Directives in view of digitalization anchldtious energy efficiency and climate targets
represented by the provisions of the Energy Unijn [
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