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1 Approach

1.1 About REFEREE

REFEREE is a European project, which started in October 2020 and will be in
operation until April 2024.

REFEREE is developed to accelerate the efforts to improve the energetic
efficiency of the residential sector, along with the tertiary and transport sectors.

REFEREE (Real Value of Energy Efficiency) as its own name indicates, aims to
analyze and quantify the different impacts developed by the direct and indirect
energy efficiency investments.

This goal will be accomplished by the tools developed under the program, in
particular providing support to policy makers at the different territorial and
sectoral levels needed.

REFEREE will help households, businesses, financing institutions, policy makers
and other relevant stakeholders to evaluate the multiple impacts of their
energy efficiency choices.

More information on REFEREE available at www.refereetool.eu.

1.2 Objectives of this report

This report deals with the REFEREE offline tool, that focuses on the dimension
of European localities.

The approach of the offline tool for localities is to create and implement policies
at local level and for different sectors (residential, tertiary and mobility) in order
to improve the energy consumption patterns of localities, and reduce indirect
impacts of energy consumption, such as the Greenhouse Gases (GHG).

The localities dimension of REFEREE is driven mostly from the needs of
municipalities in dealing with energy efficiency, e.g. in the context of the
Covenant of Mayors or the EU Heating and Cooling Strategy, and the Municipal
Heating programs. Modelling and quantification builds upon key trends
defined at Member State level on EBME model.

The offline version of REFERRE is intended for experienced users (not requiring
a user-interface), and developed in MS XLS enhanced with Visual Basic, linked
to E3ME Lite.

The offline version of the REFEREE localities tool is a Draft version of the future
online version, that is already being designed as a user-friendly interface
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requiring no particular modelling expertise, but policy-expertise in the field of
energy, socio-economic and environmental impact assessment.

But the offline version of the REFEREE localities tool is also the processing
motor of the future online version. For this reason, the offline version is in
continuous development and redefinition along with the online version.

At this point, however, the offline version is fully functional and a valuable
standalone product for energy efficiency analysis at local level, and for the
discussion of non-energy impacts derived from it.

The process for building the offline REFEREE tool included the following tasks:

Pre-design of the system architecture. Identification of critical
capabilities required based on the user-needs assessment, possible
alternative system'’s architecture and technologic solutions, along with
stakeholders in the context of our Advisory Group meetings.

Prototyping. A rapid prototype of the REFEREE system was developed,
just to facilitate a clearer understanding of the proposed structure, more
particularly of the user-interface and its options to be customized to
different policy-user needs, as well as the nature of the results that will
be produced.

Technological best solution. It was agreed that MS Excel was the best
solution for the offline version of the REFEREE tool, as it may fit well on
the practice of the technical body of servants at municipalities, one of our
key targets. MS Excel allows for customization of tools and adaptations
to meet the specific requirements and needs of specific localities.

Development of the offline tool. The REFEREE localities offline tool was
built up from European data gathered on the residential, tertiary and
transport sector. For each sector policies were defined and customized
to fit each sector. Finally, a screen with all results is set up and shows how
policies apply to each sector and what are the impacts of these applied
policies.

The next steps will be to:

Integrate the offline tool for localities into the online tool, which already
includes the member state level tool driven by ERME lite.
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Test bed. The tool will be pilot tested in a number of case studies across
Europe to validate its form and functionalities and perform adjustments
when needed. In particular, case studies are foreseen in Bulgaria,
Denmark, Italy and Spain.

Tool validation and documentation, in the context of deliverables to
come during spring and early summer 2023.
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2 Overview of the offline localities tool

In this chapter, the display of the different screens and interfaces used for the
REFEREE offline system will be described and detailed for the different
modules to get a better understanding of how the tool works, and what are the
results obtained with it. The main point of this report is to help users understand
what can be expected of the offline tool, what will be the nature of the results
to be expected, what kind of inputs will be required, and how it will be dealt
with policies to be assessed.

The following sections will be discussed:
2.1 Main page. In this section, the initial display of the offline tool is exhibited.

2.2 Definition of a city profile. As its name indicates the city profile is
characterized and all inputs are detailed.

2.3 Definition of policies to be applied: Integrated Policy Selector. In this part,
a dashboard of the different policies is displayed, for each sector. This policy
selector shows how policies are applied and what are the impacts on each
sector.

2.4 Extensive analysis on each sector. The analysis of the residential, tertiary
and transport sector is done in this section and all policies applied are
presented and can be modulated by defining a percentage value of the
residential stock that wants to target, and at the same time the intensity of
the policy can be decided.

2.5 Outputs. The results obtained are presented and displayed on four
different levels and these will be shortly described.

2.6 Contextual data. In order to get a better understanding on the results
obtained with the REFEREE offline tool, data fromm European countries was
gathered and graphically represented.
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3 Main page

In this module, defined as the main page of the tool, different boxes are shown.
These can be divided into three main groups:

a. Inputs. The general characteristics of the city and its context is specified in
this group. Here the definition of the country, the climatic area, the
location... is done. The square which defines the inputs is ‘Define a city
profile’ (grey box).

b. Policies. Local policies for cities and regions are defined, and are found in
six different divisions (yellow boxes):
- Strategic Analysis.
- Integrated policy selector.
- Pathways for the domestic sector.
- Pathways for the tertiary sector.
- Pathways for transport.

c. Outputs. Results are shown in this chapter and are divided in different sets
(green boxes):
- Key Performance Indicators.
- Contrast with policy targets.
- Agent analysis.
- Contextual data.

In the following figure, all the sections mentioned are in the grey rectangle:
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4 Definition of a city profile

In this module the definition of the city profile is done. The inputs for this part

are:

Name of the City. City selected to apply the different selected policies
which will be defined later.

Population (number of inhabitants). It is the number of inhabitants that
live in the city selected.

Size of the city (urban agglomerate). Definition of the area occupied by the
selected city.

Yearly annual growth (%). This value will give the annual growth for the
year selected.

Reference year for EE' monitoring. This year is selected in order to use its
data as a referential year.

Initial and final year simulation. These years need to be defined since the
simulation of the energy consumption data will be gathered between the
years selected in this part.

Total energy consumption. This value is the total energy consumed in the
year and city selected.

Energy consumption by type of energy. These values are the consumption
of energy differentiated by the different energy types (electricity, natural
gas, petrol, gas oil and other). The sum of all these gives the total energy
consumption.

Total energy consumption for each sector and by type of energy. These
values are the detailed and classified energy consumption of each sector
(residential, tertiary and transports) and type of energy (electricity, natural
gas, petrol, gas oil and other).

Once all the input data is filled the outputs will be generated in the same
module. In the next point the results from applying the chosen policies will be
shown (2.3 Definition of policies to be applied: Integrated Policy Selector).

Below it can be seen how the input section of the tool is organized and it shows
all the parts mentioned previously. In the figure the white fields are inputs, and
the grey ones are outputs (commuted by operating different white boxes).

In the yellow rectangle the definition of a random city is shown, with its
characteristics defined such as the population, size of the city and yearly annual
growth. Also, the reference year chosen is 2012 while the simulation will be done
from 2022 until 2030.

L EE stands for Energy Efficiency
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B
Back 10 main page

DEFINE A CITY PROFILE

Mame Pazuslo de Alarcén
Ciousntry [gnus =l
Population =) inhabitans Yearly annual growth (%) [ B3 Jrcrease peay
Coordinates AD00NQ00 W
Climatic area Mutitire, Coreraenal and Mecitesane an chmats
Size of the city [urban agglomerate] 432 square bilometer

year bor EE 9 [___=e Initial year simulation

Finsl yeos sialation

Definition of
city profile

In the grey rectangle the energy consumption of the year 2012 is shown (left
side) along with the different energy types. On the right side, the data from the
initial simulation year (2022) is gathered.

Energy consumption [Reference year: 2012) Energy consumption [Initial simulation year: 2022)

Total enengy consumption 176559183 Miwlhy Total energy consumpison Miwh

Energuconsumotion bywpe of energy Enetgy consumption by woe of ensigy
Elecnicity 368.555.04 Mk Elecnicity Muth
Naturalgas 34143544 Mk Natural gas Mith
Petel 423.078.13 Mk Petral MWk
Gas o 579915 Mk Gasal Mih
Other 44.550,21 Mih [=" Mith

Total energy
consumption

In the red figure all the data from the residential sector is presented, at the
beginning the energy consumption, followed by the distribution by types of
energy of the reference year selected is found on the left, the initial year
simulation data is on the right.

Total energy consumgtion 325.565,50 L) Total enengy consumption f\'T\nlh
Electicity 141.556,01 Mt Electicity TG 225,10 M
Natural gas 7738471 Mih Natural gas 275.907 34 M
Petol 0,00 L] Petiol 0,00 L]
Gas oil 3386278 Mwh Gas o 0,626,739 e
Dbt T2.362,00 Ml Orhet 0,00 L]

Definition energy
consumptionin
residential sector

In the orange rectangle all the data from the tertiary sector is introduced, on
the right column the first simulation year data and on the left the reference year
data.
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Total eneigy consumption [ 232.338,82 Mk Total emergy consumpiion 30656 Mk
Electricy j 4466118 Mk Eleciriciy j ZHEITEE Mk
Natural gas j azgEzal Mk Natrsl gas j 1. 742,82 MWk
Patrel _ 000 Mk Petrol j 0,00 Mk
Gas oil 2815153 Mk Gazad 58.425.21 Mtk
Cubver TEE43.29 Mk Ctkier 0,00 Mk

Definition energy
consumption in
tertiary sector

In the green figure all the data from the transport sector is displayed, both data
from first simulation (on the right) and the reference base year (on the left) can
be identified.

Energy i seoiey TRANSPORT Enicn consumption uanspan secot

Total energy consumgtion 74252377 | Mt Total eneigy consumption [C08z60s0r  |#wh
Electicity [ 110527 Mk Electricity [ TTETT | M
Natursl gas [ 183184 M’k Narural gas 0,00 | M
Peial [ 354.883,05 | Wik Patral [ 486.539.92 | M
Gascd [ 31235951 Mk Gas ol [ 537.069.74 | M
[l [ 5.28343 Mk ket 51.278,74 | M

Definition energy
consumption in
transport sector
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5 Definition of policies to be applied: Integrated
Policy Selector

This module is known as Integrated Policy Selector where the policies are
defined and detailed for each sector, along with the key impacts and policy
targets for each policy and sector.

The Integrated Policy Selector is understood as a dashboard where all the
different sections are referenced so the policies on each sector (residential,
tertiary and transport) can be changed. In this section, the current policies
considered are displayed together with the intensity these policies are applied.
The different policies are segregated into consumption origins: heating,
cooling, water heating and appliances, for the residential and tertiary sector;
and public transport and road transport, for the transport sector.

The main objective of this screen is to crate a synthesis of the results obtained
by applying the policies defined in the offline REFEREE tool. Therefore, in this
section there are no inputs, since all results from policies applied and outputs
obtained by the application of those policies are displayed. Some of the outputs
that are found in this page are:

Total policy intensity by sectors.

% Stock targeted.

Policy intensity (%).

Initial energy consumption.

Final energy consumption.

Energy saved and % of energy (not) saved.
tCO,saved and the reduction of CO. in %.

AN N N N NS

All the outputs of the module will be shown later and explained in more detail.

How it works?

As the figure shows, there are two clear spaces were the definition of policies
for each sector is defined and the total intensity of policies for each sector (left
column). On the right column, the global impacts of the policies are described,
along with the initial and final consumption, the energy saved and the CO,
savings. As follows, the global policy targets are defined together with the
simulated impacts given by the policies applied.

13
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eree POLICY SUPPORT SYSTEM TOOL B
Back to main page

Integrated Policy Selector

POLICIES POLICIES IMPACTS

Define detailed seotor palicies

TO0anET W
13638141 Mwh

RESIDENTIAL

BEEEINZ0 ik
3288 %

22185 ooz
T2 %

amEes2 |
EER

Targer Simdied mpaots

3250 32,85

55,00 sv.52

XX XX
2

%
E3

40,00 % 66,76
%

13,00 3122

Followed by the definition of the policies applied for the residential sector (left
column) which are divided in four groups: heating, cooling, water heating and
cooking. This division is done based on the different energy consumption
sources used in a residential building. On the other side, the results from the
policies applied are shown as impacts and targets, as said before the values of
consumption (initial and final), energy savings and CO, saved. The green boxes
show the existing target used and if met the box will be green and with the
message ‘target met’, but if not, it will be red and with the message ‘target
unaccomplished'.

Palicies applied to the residential sector Palicies impacts for the residential sector
% ) Key impacts and targets Enisting target  Results of simulation
Iniial emeray cenzumpion 44033 Mk
Heating — [ 1 F i 2BI0A0 Muh
sz bhavior changs. fusrags 1emp sslzotion 3500 5,00 4596343 Muh
500 e % a mpiiched

Building efficizncy 5.00 00,00

085 oz
Hew heating technalogy 500 00,00 fon in sectar 500 /40 % target met
Cooling [ - — | 33,7 1 " B foaes

287 taes
Lserhehavior change fuerage lemp selection 35,00 85,00

fon in sector asESEE |
Buldingsfliciency 500 00.00 TRE0SH 1
a0E4z 1

Hew coolingtechnology 500 00.00 s %
Mater heating [ 1
sz bzhavior changs fuerage temp Selection 3500 5,00
Buidingsfficiency 5.00 100,00
Mo uater heaingtechnology 500 00,00
Cooking = 5,00 = 10,00
Buldingsfliciency 500 00,00
Effisientlighting 500 50,00
Effiient applianees 500 50,00

For the tertiary sector, the distribution is the same as in the residential sector.
The policies applied are shown on the left side and divided by sources used in
the sector (heating, cooling, water heating and cooking). On the other side, the
impacts of these policies are shown.
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Policies impacts for the tertiary sector

% Key impacts
Initisl energy consumption
Heating 15,00 41,50 Final energy consumptian
Lset behavior change Ausrage iemp. Selection 3500 anao Toal energy savings
# energy saved
Building efficiency 5,00 100,00
Total O0Z savings
Hew heating technclogy 500 100,00 3 COR reduction in sectar
Cooling 15,00 3975
Usat behavior changs dyusrsge t=mp. Selection 35.00 8500
Initsl cost of consumption in sector
Buidling sfficizncy 500 100,00 Final cost of consumption in sector
Toall savings
Hew hetingtechnclogy 500 100,00 1 saved
Water heating 15,00 3975
Hew water heatingteshnology 3500 6500
Buidling efficizncy. 500 100,00
Uset behavior change. Auerage temp. sslection 500 100,00
Cooking 5.00 10,00
Buiidling efficizncy. 500 100,00
Hew lighting 500 50.00
Hew apolianges 500 5000

00

5,00

267.18365
23293955

34.250,10
1282

1609
2788

w35
o

3535153
28.407.47
6.344.08
1364

Hivh
Midh

Midh
“

ooz
3

romer
toes

targetunacoamplished

targetmet

For the transport sector, the policies applied in this sector are only divided in
two areas: the public transport and the road transport. On the right side, the
policies impact in the transport sector are shown as in the previous cases.

Folicies applied to the transport sector

Folicies impacts for the transport sector

Key impacts

Tritial energy conzumption

Public transport 26,67 100,00 Final energy onsumption
Inwzstment in new yebicles (f2et rencyation) 2000 0000 Total energy savings
#enagy saved
Ensrgy sfliciency gains hom slectric busss anon 0000
Total CO2 savings
Biatierfleet managemen; 20,00 100,00 % CO2 reduction in sector
Road transport 35,67 100,00
bantal ) 500 100,00
Iritisl cost of consumption in sector
Tiansferoad users 10 public wanspon 200 100,00 Final cost of consumption in sector
Totall savings
Increas= ushicls efficisncy 0000 0000 1 saved

15

15,00

15,00

Z050.430,61
144353094

586,839 67
2831

BE02
3529

=g
57

164,443 43
150.220,40
223,04

Lk
i

i
“%

ooz
P

oanes
wnes

targetmet

target met
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6 Extensive analysis on each sector

The module for policy definitions is standardized for each of the three sectors
considered: residential, tertiary, and transport. The rationale and structure of
each one of them is presented next:

In each module at the beginning there is the definition of the basic initial data
from the country selected, all this data is an input defined previously in the 2.2
Definition of a city profile. Hereafter the energy consumption distribution by
sectors is represented graphically.

it referee POLICY SUPPORT SYSTEM TOOL B
Back to main page

Extensive Analysis: Residential sector

ENERGY CONSUMPTION STRUCTURE FOR THE RESIDENTIAL SECTOR

Basic initial data | |
wom ":3‘;:4; number of inhabitants fro m ci ty S el ect ed
literranean clima:;
t: \ergy consumption 2.030.431 Mwh
©consumption Residential 374.400 Mwh
Energy consumption structure by sectors
[ - e I || Cnersy consumetion
Y T—-— by sectors

Next, the distribution of the energy consumption within the sector selected is
displayed. This can be the residential sector, the tertiary or the transport sector.
Two distributions are displayed:

e by consumption origin (e.g. water heating, colling, heating and
appliances)
e by energy carrier (e.g. fuel, gas, electricity, ...)
At the end, a table with the total consumption is shown and the percentage for
the sector analyzed along with the percentages of the energy consumption by
origin are presented.

RESIDENTIAL SECTOR

Energy consumption by origin, in the residential sector

Energy consumption
B . - by origin
i i R i R
Energy distribution by sources, in the residential sector
w T & Energy consumption
- - - e oy care

vsuralgr mslecyicty @Sldbobiels Gasanddlemslol - west wSoldfomilfusls ®15G < Anblentheat W Otherkercssns Sclr hermal

%y i Total consumption, sector

SS:A 213.483,63| . d (y h . .
g% e consumption and % on each origin
2% 43.352,13|

In case of the transport sector, the distribution is the same as for the built
environment (residential and tertiary buildings), considering as energy
16
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consumption origins the private road transport, and the public transport
(within the localities).

Energy distribution by sources, in the transport sector

asoxazi E nergy
- { | consumption by
ST e S e carrier
' Total consumption, sector
% zooszs consumption and % on each
85 % 725.816,40 .
policy

After this, the different policies are defined and based on the sector, and policies
will be classified by origin (for the residential and tertiary sectors), although for
the transport sector these are classified by public transport and road transport.
For each case, the initial (no policies applied) and final consumption (policies
applied) are presented.

How it works?

Below, three policies are described although they can be substituted
depending on the objectives of the city. Each policy needs to define a
percentage value of the residential stock that wants to target, and at the same
time the intensity of the policy needs to be chosen. On the other hand, the
energy mix can also be changed in order to compare the results from the
current mix and the future one. This will give the values of energy emission
factor and the tones of CO, emitted. Next to the energy mixes the cost of each
energy source consumed is calculated, along with the savings obtained with
the future mix.

The graphical representation of the impact of policies is also shown.

Apply local policies

sl Gansumpiron 219.490 Mwh ral cansumati 193.675 Mwh

“ Yinorease InEE Fi i Fi
¢ Costof astion {iavial e
applyed sonsumptonAel (4] consumpuinibesd () 3pplied (Mih)

25872 Low 30.35 20.69

30,005 Low 30,50 a1

30,00 Low 38.50 @312

88.24 93,03 25.814.64

Losesatings
Initial cost Final cost (- idates cost
8099801 7718471 ey
5871401 12880551 F 0S5
2434221 151831 350
0,001 0.001 aaor
0,001 0.001 aaor

Energy emission fastor 0.00022 0.00018 Total 26,465,421 219m.851 2558581
coz 4738 3500

In the end, a summary of the results can be found:

e Total energy consumed initially.
e Total savings from origin? (policies applied).

2 Origin will be heating, cooling, cooking, or water heating for the residential and tertiary sector, while for
the transport sector there are no origins defined but will be used public transport and road transport
differentiation.
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e % Savings relative to initial origin consumption.
e Final energy consumption from origin.

e Total tCO, emitted initially.

e Total tCO, saved, this is also disaggregated into tCO, saved from energy
efficiency, changing energy sources and cleaner electricity mix.
e Total tCO, emitted finally.

On the other side, the smaller table shows the total consumption of the origin
by energy source, initial and final consumption.

Heating (H) total savings

Toatal energy consumed initially

Tatal savings fram heating [polisies applizd)
% savings relative ta nitial heating sansumption 127

Final energy consumptian from heating
Index 100 = initial consumption 28,2

TataltCOZ emitted initially
Tatal (COZ saved

£
ST st fhom oSN Sneeg soLses fofanss
£ siasnsr ;

TotaltCO2 emitted finalls

213.430
25.815

133675

47,36
.37
Z5F
Fie

1w

3540

Mtk
etk

etk

C02
02
Farcy
Earc
Earc
C02

Heating total consumption by energy source [Mwh]

Initial consumption

Electricity TE.821
Matural gas 105,355
Petral a
Gasoil 32.923
Othear 4.330
Total 213.430

Final consumption

B7.786
96.837

0
13.367
3684

193.675

For each of the four origins, the outline will be the same, both for the residential
and the tertiary sector. On the other hand, for the transport sector the only
difference is that instead of origins the analysis is developed for public transport

and road transport.

Apply local policies

¥ transpont stock
targetted

Inwestment in new vehicles [Feet renovation)
Energy efficiency gains from electric buses
Beetter fleet management

Tatal

Energy sources used by this asset Current mix (%)

Penal and petral hybrids 0,00
Diesel 50,00
Flugin + electric 20,00
LPG 0,00
MNanural gas 0,00
Hydrogen and fusl cslis 0,00
Eicfuel 0,00
Other 0,00
Energy emisison factar 0.00026
oz 79,00

Policy intensity 2]

Future mix ()

20,00 100,00
40,00 100,00
20,00 100,00

000
40,00
60,00

0,00

000

0,00

000

0,00

0.00020
38,70

¥ increasein EE

15,005
B7.50%

3,00

Final energy consumption of
transport sector { AR F=duira’
conswmping e (4]

Cost of action

Low gr.oo
Low £5.00
Low 9340
B2,67

Initial cost Final cost
0,00 0,001

18.296.231 5.303.051

12.584.691 2142391
0,001 0,001
0,00 0,001
0,001 0,001
0,00 0,001
0,001 0,001

30.880.98 1 27.332.951

Firial owerall energy

consumption [100=initial

consumption levell (2]
98,74
85.28
33,75

83,93
Lzt sauings
- indizatarcost
2728
L IFTA
-BEFGIN
a55
2728
ffecty
2728
ffecty

FFAELTE

Total savings with
policies applied
(MWh)

113.688.78

At the end of the module the summary tables of energy saved, tCO, saved, final
consumption and tCO, emitted are presented. And on the right side the initial
and final consumption for each origin.
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Total energy consumed initially 304565 Mwh Initial consumption Final consumption
Total saings from Public Transpart (policies spplied) MIEET M Electricity BO0.13 114 525

% sauings relative to initial Public Transpart consumption 37% MNatural gas a a
Final energy consumption from Public Transpont 190676 Mwh Petrol il il

Indez 100 = initial consumption 62,67 Gas ail 243652 76.350

Total tCOZ emitted initially 73,00 CO2 Other o o
TotalCOZ saved 40 {02 Total 304.565 190.876

Pixsi n , 2543 W02

AR vt o shanng £ 100 = initial consumption 885 CO2

aris s iz ot 2 Loz
Toral 02 emited 33 02

Hereafter, the smaller tables show the total savings on energy consumption
and CO; on the left, and on the other side it is shown how much the energetic
mix has changed into renewable energies.

For the bigger tables, the left one gives the values of total energy and tones of
CO, saved per origin (as said before, this will be the same for the residential and
tertiary sector although for the transport sector instead of origins there will be
public transport and road transport). On the other hand, the table on the right
shows the final energy consumption and tones of CO, emitted per origin taking
into consideration the policies, therefore, these values are obtained by applying
the different policies mentioned before.

Total savings on the energy consumption and CO2 (on residential sector) Renewable energies |

Energy S8 Energy mix: renew able energies 3.237)

COz2 250

Total energy saved and (CO2 per origin Final energy consumption and (CO2 per origin
Heating 25.815 Mw'h Heating consumption 133675 Mi'h
102 saved on heating 2.0 oz tC02 emitted by heating 354 C0O2
Caaling 963 Mk Cooling consumption 4.632 Mk
tC02 saved on codling 0.6 tcoz tC02 emitted by cocling 0.7 W02
\wiater heating 15.414 Mith ‘wiater heating consumption 30.550 Mw'h
tCOZ saved onw ater heating B3 oz tCO2 emitted by w ater heating 165 w02
Cooking 3278 Mw'h Cooking consumption 40.074 Mw'h
tCOZ saved on cooking 17 oz tCOZ emitted by cooking 7.7 wC0z

Total energy saved 45.463 Mw'h Final energy consumption 328,331 Mwh

Total tCOZ saved 21 oz Final tCOZ emitted B0 COzZ

Below, an energy and costs scoreboards are presented along with the reduction
of GHG emissions and the electricity carbon footprint.

The energy scoreboard shows the initial, final consumption and savings of each
origin, also the tones of CO, emitted initially, finally and its savings. For each
sector at the end there is the sum of the total energy consumed initially, finally
and saved, the same with the CO, emitted and saved. On the other hand, the
costs scoreboard shows the initial cost, the final cost and the savings obtained
by applying the policies in each origin and a final sum of initial and final costs
along with its savings.

Energy board | Costs b

Trital] Final Savings Iniialoost Final cosl] Saving]
Heating 213,483 63} 193 674,39 25515 Mh Heating 7646542 | Z191.85] 4.553,58]

{502 on heating 4736 35,40) 137 oz
Cooling 1155.81) 823,12 33263

Caoling 5534 4632} 963 Mith
{002 on sooling 1.28] 0,70) 0,58 02 Water heating 12.776.85] 10.244.59 532,26
Water heating 105,964 30.550) 15414 Mith Cooking 5.227.27) 4.626.38 600,30

{502 on water heating 2287 5,554 6,32 02
Cooking 43.357] 40,074 3278 Muh Total 45.525,36 | 37.505.54 £.019.42]

{002 on cacking 3,38) 7.69] 168 002

TOTAL energy 374,400,353 328.930,30) 45.469,43 Mih

Totsl Ca2 8057 60,53 20,54 102
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Finally, there is a table with all reduction of tones CO, emissions of GHG sorted
by origin and the smaller table shows the carbon footprint of electricity with
the reference year and the simulation years.

Origin of GHG emiszion reductic tonnes COZ) He=ting (H] Cooling (AC]  ‘Water hesting (wH) LCocking TOTAL
A 2o SR 557 nzz 333 LUl 982 47831
AT x 524 028 245 0,73 &.70 42,3d3
fia sy s 116 0.08 0.54 024 2,02 9.83%

Electricity carbon footprin__cunent senaria]
2012 0000353
2020 0.000177]
2022 0,000223]
2030 0,000150)
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7 Outputs

This section gathers all the results obtained by the application of the different
policies established in section 2.4 Extensive analysis on each sector.

Next, the different results obtained from the REFEREE offline tool are
displayed into different levels and will be discussed shortly:

e Energy Key Performance Indicators (KPI)
¢ Non-energy impacts
e Contextualization with policy targets

7.1 Energy Key Performance Indicators (KPI)

In the following module, the results obtained in the previous section (2.5
Extensive analysis on each sector) are graphically represented.

At first, the final energy consumption in 2030 per sector and the energy savings
are illustrated.

eree POLICY SUPPORT SYSTEM TOOL

Key Performance Indicators

Energy consumption

Final energy consumy ption 2030 per sector, and energy savings
100%

Residertial Tertiary Transpe s

Energy consumed ) Energy saved

Followed by a disaggregated scheme of each sector's energy consumed and
saved per origin.

Residential sector Tertiary sector Transports sector

Later, the tones of CO, emitted and saved for each sector is also given.
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CO2 emissions

1CO2 savings and emissions for each sector

g
#

g EOH 4 08 8§ 8 8 8§ &

Residertial Tertlary Transparts

W02 emitted  [1tC02 saved

Followed by each sector’s savings and emissions of tCO, per origin.

Fedontial socter
Yoy st TP bl

- o e e
5 e
5 e o mmrem

"R O I B |
EEREEEEN NN

-
e

BN RN

Residential sector Tertiary sector Transports sector

On the other hand, the costs and savings reached for each sector are also
represented.

Costs & savings

Costs and savings for each sector

100%

Residentlal Tertiary Transports

minitial mst C1sadngs

Finally, each sector’s costs and savings per origin are illustrated as follows.

Transporty o

Je—

AR
EEEEEEEREE
| I O T I I

pu—— casing ——— ey e [ [, -
el i o

Residential sector Tertiary sector Transports sector
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7.2 Non-energy impacts

In the following section, different indicators will be defined and used for the
purpose to observe the evolution of the different indicators relative to the non-
energy impacts, considering the localities dimension.

These indicators are derived from the assessment framework defined at EU
level and Member States level as obtained from the E3ME lite model and
adjusted to the reality of localities.

In this section there will be two main scenarios:

e The definition of the economic, environmental and social indicators.
e A simulation balance of the three indicators (economic, environmental
and social) will be displayed.

Next, the following economic indicators are defined and applied at local state
and member state levels. According to the figure, the results of each indicator
is compared at each level (local and member state).

Gross Domestic Product (GDP).
Labour productivity.

Public budget as share of GDP.
International competitiveness.
Fuel imports.

430083

|Economic indicators

Local state

Gross Domestic Product (GDP) A 0,002
Total GOP (1) 2.241.135.000
| sawed 23187

Labour productivity A -6
GOP ) 26.367

I saved 23157
Mumber war 43.567

Public budget as share of GDP

International competitiveness et refeysnt # foeatioved

Fuel imports
SO EREP T St Aocal el

Hereinafter, the environmental indicators are briefly described. The indicators
discussed are:

Fossil fuel consumption.

Energy intensity.

Energy cost impact.

Air pollution and emissions.

Air pollution damage costs.

Water used in electricity generation.
Material use.

As in the case of the economic indicators, the results obtained are compared
at local and member state levels.

430323038370
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Environmental indicators

Local state
Fossil fuel consumption AT
Initial consumption [Mifh] 26.000
Final consumption [Mih) 20.000
Energy intensity A daz
GOP 26.367
Erergy con: 60.000
Energy cost impact
Aot refepant st kel fevel
Air pollution and emissions Ar 250
o3
MOz &0
coz 130
PM 30
Air pollution damage costs e
o3 05
[ [m=3 02
co 0g
PM 0.25
Water used in electricity generation
ROt refevant ot vl ieved
Material use
X refevant of docal leved

Finally, the social indicators studied are the following ones and are compared
between local state and member state level.

Energy poverty.

Employment.

Share of energy consumption.
Share of total space heat demand.

433038

|Sociaf indicators

Local state
Energy poverty A7
Birears 3l
Keepwarm 15
Electricity 0214
Gas 0,065
Leak L
Employment
Gt eyt St devat il
Share of energy consumption
SO FEREVE St ATl ieved
Share of total space heat demand
ARl St el leved

On the other hand, a simulation balance between the three indicators
mentioned previously is done. Here, the objective is to see how the changing
of the different indicators will affect on the others.
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|Simulation balance towards economic, social and environmental indicators

Economic

’ S \

P -

Social * Environmental

7.3 Contextualization with policy targets

In this module, the comparison between the final energy consumption and its
targets is represented along with the final CO, emissions and the targets
established. The targets are presented by the European Commission in the
Sustainable Energy and Climate Action Plan (SECAP), for both years 2009 and
2016. The evolution of these objectives during the years is graphically
represented in units of MWh and also GEH tones of CO..

eree POLICY SUPPORT SYSTEM TOOL [ ]
Back to main page

Contextualisation with policy targets

FINAL ENERGY CONSUMPTION FINAL CO2 EMISSIONS

500.000,00

Hereafter, the evolution of the three sectors previously analyzed is also
represented. For the three sectors there is the graphical representation of the
evolution of CO, emitted from 2010 until 2032 along, represented together with
the target defined by the EU. The residential sector is represented in red; the
tertiary is in yellow; and the transport sector is on green.
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CO2 emissions for each sector

Residential sector: tC02 emissions Tertiary sector: tCO2 emissions Transport sector: tCO2 emissions
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8 Contextual data

This module will show contextual data considered at the REFEREE offline tool,
such as the price evolution on energy sources in the European context, the
typical distribution at member state level of municipal energy consumption
contribution of the residential, tertiary and transport sectors, also the origins
of energy consumption within each of these sectors (e.g., water heating,
cooling, heating, appliances).

Next, the example of energy prices history and future estimates is displayed,
as shown in the REFEREE offline localities tool. In the following figures the
annual evolution of the four most used sources is illustrated and the appeared
results can be compared. The sources which appear in this comparison are:

Diesel oil Gasoline Electricity Natural gas

On the left side, the evolution of diesel oil price is represented and it can be
said that the price of diesel oil will rise almost an 85% for each country, from
2005 to 2050. On the other hand, on the right side the average electricity price
is represented, for this source it can be seen how the evolution between
countries is very different and depends on each year but for almost each
country the price will also increase 83% from 2005 to 2050.

ee POLICY SUPPORT SYSTEM TOOL

|5
Hl

Followed by the evolution of gasoline (left) and natural gas (right). For gasoline,
the price evolution is quite constant and similar for all countries, i.e. there is
only a sharp price increase between 2010 and 2015. The expected growth from
2005 until 2050 is almost 83%. On the other side, the energy price growth for
natural gas is also, for almost all countries, quite homogeneous, although
sharp changes can be observed in countries such as Romania and Georgia,
and the expected growth between 2005 and 2050 is about 83%.
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GASOLINE (PRE TAX)

Other contextual data is the historical evolution of the GHG emissions factor
of the electric mix, per country. This factor changes for each country
depending on its electricity mix and increases and decreases throughout the
years based on the relative use of each of the sources. Following, examples
from Bulgaria, Denmark, Italy and Spain’s are presented, as displayed in the
offline tool.

GREENHOUSE EMISSION FACTOR EVOLUTION: GREENHOUSE EMISSION FACTOR EVOLUTION:
BULGARIA DENMARK
0,0006 0,0003
0,0005 0,00025
- \/\ 0,0002
0,0003 0,00015
0,0002 0,001
o001 0,00005
’ 2012 2020 2022 2030 o
2012 2020 2022 2030
GREENHOUSE EMISSION FACTOR EVOLUTION: ITALY GREENHOUSE EMISSION FACTOR EVOLUTION: SPAIN
0,00035 0,00035
0,0003 0,0003
0,00025 0,00025
0,0002 0,0002
0,00015 0,00015
0,0001 0,0001
0,00005 0,00005
0 0
2012 2020 2022 2030 ma2 2020 2022 2030

Other contextual data corresponds to the split of energy consumptions by
origin and energy source for the residential sector.
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Example of contextual data for the energy consumption in the residential
sector by origin classified into heating, cooling, water heating and appliances.

Belgium 239.446,63 216,000 39.775,753 5.533,267
Bulgaria 47.184,90 430,276 16.428,524 7.752,170
Czechia 203.351,23 248,000 49.607,560  18.140,252
Denmark 110.064,98 41.420,523 3.129,450
Germany 1.522.589,33  4.544,294 393.283,096 143.627,234
Estonia 29.116,87 4.676,328 2.028,060
Ireland 73.091,54 : 23.773,025 2.700,285
Greece 94.688,14  8.475,779 22.852,265  10.595,582
Spain 241.420,36  6.153,368 116.551,799  47.683,742
France 1.075.513,37  7.624,667 189.625,945  92.136,101
Croatia 62.851,18 1.860,656 9.703,599 6.572,390
Italy 864.618,61 11.038,450 157.029,826  85.034,336
Cyprus 5.667,60 1.594,523 3.363,060 1.174,735
Latvia 32.641,97 0,000 9.225,853 3.446,183
Lithuania 42.542,99 5.229,102 4.033,697
Luxembourg 14.797,33 87,808 1.512,084 652,351
Hungary 168.015,47 569,401 31.226,281  11.842,227
Malta 827,83 508,604 1.114,534 573,432
Netherlands 247.338,35 966,456 67.654,778 8.418,750
Austria 194.760,98 30,082 39.873,554 7.521,608
Poland 487.413,32 0,000 133.122,516  68.977,928
Portugal 37.249,98  1.047,262 21.287,060  37.769,439
Romania 201.727,17  1.061,759 44.283,148  32.618,124
Slovenia 27.687,18 335,725 7.418,329 1.852,907
Slovakia 80.562,73 133,920 13.898,440 4.778,500
Finland 155.846,15 374,400 36.086,574 2.436,306
Sweden 170.700,42 43.841,434 4.891,500
United Kingdom 1.011.551,33 260.570

Iceland : : :
Norway 126.529,78 178,258 24.882,913 2.970,990
Montenegro :

North Macedonia 14.309,72 523,440 1.898,565 1.606,801
Albania 6.838,13  1.610,237 4.934,199 6.610,458
Serbia 73.527,03 576,295 16.748,859 8.780,494
Bosnia and Herzegovina 51.078,45 436,982 6.957,069 3.591,394
Kosovo 17.196,22 928,267 1.738,613 1.913,011
Moldova 35.264,38 31,594 5.190,405 6.420,819
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