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Abstract

In this work, a framework to implement a national scheme to promote energy efficient and carbon neutral build-
ings, based on the concept of building renovation passport, with emphasis on residential buildings, is proposed.
The concept aims to achieve a near zero energy building (NZEB) and carbon neutral building, built upon the
already existing energy performance certificate (EPC) scheme (in Portuguese, Sistema de Certificagdo En-
ergética dos Edificios) and its infrastructure (eg. the qualified experts - QE). The concept of the renovation
passport is proposed as a digital platform, which displays information and advises the building owner/user
about the opportunity to implement building rehabilitation measures, despite being accessible to several dif-
ferent users, with different purposes. The main goal of a carbon neutral NZEB is proposed to be achieved by
reaching 3 renovation and rehabilitation milestones, the first is focused on energy efficiency and performance
improvement, the second, on in situ renewable energy conversion technologies implementation and the third
and last, focused on reaching the carbon neutral NZEB, aligned with current national strategies, such as EL-
PRE (Long Term Strategy for Building Renovation), PNEC (National Integrated Plan for Energy and Climate
2021-2030) and RNC 2050 (Carbon Neutrality Road Map 2050).

Keywords: Renovation Passport, Near Zero Energy Building, Carbon Neutral Building, Energy Performance

Improvement Measures, Renovation Milestones.

1. Introduction

This work is motivated by the will to contribute to the
objectives of the European Green Deal and is partic-
ularly focused in near zero energy buildings, namely,
already-existing residential buildings, in cities, as well
as addressing the question of the building sector ac-
counting for, by 2014 and according to IPCC', "31%
of total global final energy use, 54% of final electric-
ity demand, and 8% of energy-related CO, emissions
(excluding indirect emissions due to electricity)" and
"23% of global energy-related CO, emissions, with
one-third of those from direct fossil fuel consumption”,
when including them [1].

In turn, this is aligned with European Union (EU)
guidelines to achieve carbon neutral buildings by
2050 (as per the European Green Deal [2] and Eu-
ropean Climate Law [3]). The main contribution this
work intends to deliver is to achieve this goal in Portu-
gal, by proposing a framework, for a national scheme
implementation, the Renovation Passport towards a
carbon neutral and near zero energy building (NZEB),
built from the already existing national scheme on
building energy efficiency improvement, the Energy
Performance Certificate (EPC) system.

The EPC classifies the building, as is, according
to its energy performance and suggests measures to
improve said performance, ultimately, to achieve the

TIntergovernmental Panel on Climate Change.

highest classification possible. However, since en-
ergy efficiency, per se is not enough to achieve the
2050 goal of carbon neutrality, the Renovation Pass-
port scheme proposes to go further by developing
a plan to guide the building owner/user to take the
necessary steps towards transforming their building
into a carbon neutral NZEB whose energy consump-
tion comes from 'green’? energy, becoming a self-
sufficient and non-GHG3-emitting building.

The Renovation Passport is introduced as a vol-
untary scheme to be implemented by building own-
ers/users, by fulfiling a set of milestones by certain
dates, to ultimately achieve carbon neutrality by 2050,
as well as a guide that recommends what actions to
take and the kind of maintenance needed to ensure
a correct functioning of the building and its systems.
Furthermore, it is proposed the Renovation Passport,
as a national scheme to be implemented, could offer
tax compensations to buildings which reach the mile-
stones and tax aggravations, to those which do not.

The building renovation rate in the EU is currently
"0.4 to 1.2%" [2], would need to "double to reach
the EU’s energy efficiency and climate objectives" [2].
So, as well as addressing EU carbon neutrality com-
mitments, this work would also be aligned with the

2Green energy is commonly referred to as energy con-
verted/transformed from renewable and/or non-fossil sources.
3GHG - Greenhouse Gas.



Portuguese strategies PNEC, which aims to "promote
the building stock’s energy renovation and the NZEB"
(adapted from [4]), ELPRE, which aims to rehabilitate
and increase the energy efficiency of buildings, re-
duce energy bills and dependence and improve levels
of comfort, air quality, health benefits, work produc-
tivity and reduce energy poverty levels. ELPRE also
defines the execution of the national goals on energy
and climate as inseparable from building renovation
(adapted from [5]). And finally, RNC 2050, which aims
to identify the pathways for decarbonisation and car-
bon neutrality by 2050 (adapted from [6]), an effort of
which the built environment is part of.

On a final note, it is also this work’s intention to be
consistent with the Sustainable Development Goals
SDG, namely, SDG 7, "access to affordable, reliable,
sustainable and modern energy for all" [7], SDG 11,
"inclusive, safe, resilient and sustainable" "cities and
communities" [8] and, lastly, SDG 13, "urgent action
to combat climate change and its impacts" [9].

2. Literature Review
2.1. Climate Change Mitigation

The factual data has been agreed upon by the inter-
national scientific community, which clearly indicates
humans, and their activities, are responsible for the
changes in climate, that have been happening for
the last decades. According to IPCC, "anthropogenic
greenhouse gas emissions have increased since the
pre-industrial era, driven largely by economic and
population growth, and are now higher than ever" and
this "has led to atmospheric concentrations of carbon
dioxide, methane and nitrous oxide that are unprece-
dented in at least the last 800,000 years" and their
effects are considered the "dominant cause of the ob-
served warming since the mid-20th century" [10].

It is as a solution to the problem of climate change,
from among many, that energy use in buildings comes
into the picture, particularly, the need to renovate the
already existing building estate, where, according to
IPCC, the "the largest energy savings potential is in
heating and cooling demand", by means of improv-
ing building energy efficiency and renewable energy
sources (RES) use [1]. Furthermore, "energy savings
from shifts to high-performance lighting, appliances,
and water heating equipment account for a further
24% of the total reduction" [1]. This reinforces the
need to address building energy rehabilitation, opting
for the "most advanced renovation technologies”, in
order to "avoid lock-in into less efficient measures”,
as well as avoiding the persistence of "inefficient car-
bon and energy-intensive buildings" [1].

2.2. Near Zero Energy Building

2.2.1 Definition

A near zero energy building, as per the European Di-
rective 2010/31/EU, is a building which "has a very
high energy performance" and where "the nearly zero

or very low amount of energy required should be cov-
ered to a very significant extent by energy from re-
newable sources, including energy from renewable
sources produced on-site or nearby" [11]. This def-
inition is essentially the same as the one described
in the Portuguese Decree-Law 118/2018, article 16,
which adds that new buildings, licensed after 315! De-
cember 2020 or, new buildings, owned and occupied
by a public entity, licensed after 31! December 2018,
must have near zero energy needs [12].

Nonetheless, there are a myriad of other possi-
ble (near) zero energy buildings definitions*. NZEBs
can be characterised according to their grid connec-
tion [14] (autonumous ZEB, net ZEB, +ZEB), to their
"energy demand and installed renewable typology"
[14, 15], as well as to their considered "boundary
and metric" [16] methods (net zero site energy build-
ing, net zero source energy building, net zero en-
ergy costs building, net zero energy emissions build-
ing and off-site ZEB).

2.2.2 Best Practices

The best practice to follow when planning for a NZEB
is to first reduce its energy demand and only then,
implement on-site renewable energy conversion tech-
nologies (RECT) to provide for the new energy de-
mand. This strategy is supported by Torcellini et al.,
saying that firstly, energy efficiency should be encour-
aged and then move on to RES "available on-site or
within the footprint" (over off-site ones), claiming "it is
almost always easier to save energy than to produce
energy" [16], by Dall’O et al. stating that the strategy
could be a "hierarchical" "3-step sequence”, which
starts with "retrofitting building materials to reduce en-
ergy demand", then "installing energy-efficient equip-
ment" and finally "installing micro-generation tech-
nologies" [17], as well as by Xing et al., that also de-
scribe an "hierarchical approach" whose first step is
"retrofitting building fabrics to higher standards" (to re-
duce the demand), moving on to installing "energy ef-
ficient equipments" and lastly, establishing a "on-site
low and zero carbon energy supply technologies with
smart grid connections and control".

2.2.3 Energy Performance
Calculating the building’s energy balance is a way to
evaluate its energy performance and it is defined, by
the European standard 15316:2007, as the "calcu-
lated or measured amount of energy delivered and
exported actually used or estimated to meet the differ-
ent needs associated with a standardised use of the
building, which may include, inter alia, energy used
for heating, cooling, ventilation, domestic hot water
and lighting" [18].

To calculate the energy balance of the system,
which is the building in case, the boundary needs to

4For more detail, please refer to [13].



be defined, which can be described as "boundary that
includes within it all areas associated with the building
(both inside and outside the building) where energy is
consumed or produced", as stated in European stan-
dard 15603:2008 [19]. On figure 1 the connections
between the building and the grid, as well as imports
and exports, are illustrated.

on-site
renewables

delivered energy

feed-in energy

Crediting system
[kWh, CO,, ete.]

Figure 1: "Connection between buildings and energy
grids", as illustrated in Sartori et al. [20].

Other factors also need to be defined to properly
calculate the energy balance and, according to Dall’'O
et al., most of the European countries adopted pri-
mary energy, as balance metric, a year, as balance
period® and renewable energy options to be the ones
available on-site [17], thus expressing the values in
kW h
m2.
Portuguese law [12].

Different equations can express the energy bal-
ance. Equation 1, which reads the sum of the
monthly global primary energy minus the primary en-
ergy from renewable sources minus the certified pur-
chased green primary energy (and equation 2, which
reads that global primary energy is the sum of pri-
mary energy used for space heating, for obtaining
hot water, for space cooling and associated with elec-
tricity use) [17] is equal to zero, can be used for net
zero energy buildings and equation 3, which reads the
amount of exported energy should be greater than or
equal to the amount of imported energy [20], for plus
or net zero energy buildings, respectively.

. These are the same units recommended by

12
> (EPg — EPrg — EPGp)m =0

m=1
EPc = EPy+ EPyv+ EPc+ EPgL
|export| — |[import| > 0

(1)

2)
3)
On figure 2, a visualisation of how the energy bal-
ance changes for a building that is being transformed
into a NZEB, which first, has its energy demand re-
duced and then, has its energy demand met by on-
site RECT.

5note: "Inside the system boundary the system losses are taken
into account explicitly, outside the system boundary they are taken
into account in the conversion factor." [19]

6 According to Marszal et al., the time period used for the energy

balance of a building can be the "full life cycle", the "operating time
of the building (e.g. 50 years)" and year, season and month [21].
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Figure 2: "Graph representing the net zero balance of
a Net ZEB", as illustrated in Sartori et al. [20].
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2.3. Defining a Pathway for Energy Conservation
Measures Identification

In this section two methods for identifying the mea-
sures to implement first, from a set of several energy
performance improvement measures, based on their
cost-effectiveness, are presented. The first is based
on the cost of conserved energy (CCE), which is de-
scribed by equation 4, from Meier et al. [22], which
reads the CCE is the investment cost of the improve-
ment measure divided by the energy savings asso-
ciated with that measure’s implementation, times an
annualisation term’. The CCE can also be under-
stood as the cost to save a unit of energy and can

be expressed in TWh The first measures to be im-

plemented should be the ones with lower CCE. How-
ever, for the same set of improvement measure, the
CCE for each measure depends on the order the set
of measures is implemented.

Cost of Conserved Energy (CCE) =
(L d @)
C\AE) [1—(1+d)]

The second is similar, presented by Hirst [23] and

organises measures per cumulative energy savings,
kW h

in
m?

and per cumulative implementation cost, in

€ : .
—, as seen on figure 3. The measures to implement
m

first are those that fit the initial part of the graph, with
significant energy savings for almost no investment
cost.

2.4. Energy Performance Certificate - EPC - in Por-
tugal
The current national scheme in building energy
performance assessment and improvement is the
EPC scheme/system (in Portuguese, Sistema de
Certificagdo Energética de Edificios), managed by
ADENES®. The EPC, issued by a qualified expert®
(QE), gives information to the building owner/user
about the building’s energy class, energy consump-
tion and possible improvement measures, among oth-

"The "capital recovery formula", as per Meier et al. [22].

8ADENE is the Portuguese Energy Agency.

9Adapted from the Portuguese, "perito qualificado", certified and
trained by ADENE [24].
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Figure 3: "Plot of the cumulative estimated energy
saving per unit floor area as a function of the cumula-
tive implementation cost per unit floor area" as illus-
trated by Hirst [23].

ers'® [25]. On table 1 the building characteristics sub-
ject to energy audit can be seen. The energy class

Table 1: Building characteristics subject to energy au-
dit.

Construction Envelope Heating Ventilation Others
Description and Cool-
ing Solu-
tions
Location Walls Space Natural Lighting
and Heating Sys-
Doors tems
Construction Covering/ Space Forced Appliances
Year Roof Cooling Sys-
tems
Typology Pavement Domestic
Hot Water
Floor Num-  Windows
ber
Pavement
Area

and performance indicators are defined by law (Por-
tuguese Decree-Law n?118/2013 [12] and dispatch,
Despacho (extrato) n.? 15793-J/2013 [26]). The build-
ing’s energy class is obtained by comparing the build-
ing’s current performance to the performance of the
same building, subject to standard conditions, which
are considered to run the test and act as benchmark-
ing. For a residential building, the energy class is de-
termined, through the "energy class ratio" (adapted
from "racio de classe energética", where each inter-
val of Ry: values corresponds to a certain energy
class, as defined on Portuguese dispatch n.? 15793-
J/2013 [26]), given by equation 5, which reads the
energy class ratio corresponds to the value of the

nominal yearly needs of primary energy (expressed

kWh
in ————) over the regulated limit value for the
m? - Year

nominal yearly needs of primary energy (expressed

kW h
in —————) for the building.
m? - Year

Ntc
Ne

10For more detail, please refer to [13].

RNt =

3. Methodological Framework
3.1. Purpose, Context and Structuring a Renova-
tion Passport

As presented before, the Renovation Passport is pro-
posed as a new framework, for a national scheme
implementation, to achieve carbon neutral NZEBs
and to grow from the already implemented scheme
of building energy certification, the EPC. In this ap-
proach, a Renovation Passport, to reside in a digital
platform, intends to be an ’identity card’ of the build-
ing and, at the same time, a guide, for its user, owner
and/or interested parties, which advises them with the
best tailored renovation and maintenance measures
and sustainability best practices to reduce its carbon,
energy and resource intensity footprint, throughout
the building’s utilisation life cycle stage.

At first, the Renovation Passport will be suggested
as a framework for voluntary implementation, offering
building owners/users which comply with the legisla-
tion requirements, to be created for the Renovation
Passport, benefits and for those who do not, penal-
ties. Therefore, the main beneficiaries of the Reno-
vation Passport are the building owners/users them-
selves and the key responsible agents for designing
it and to oversee its correct implementation are the
Renovation Passport auditors, otherwise known as
Qualified Experts (QE - from the Portuguese, Perito
Qualificado PQ). The QE are to be the same experts
who issue the EPC, who are to be given proper train-
ing in order to adapt to the new Renovation Passport
framework and to receive the necessary skills to de-
sign it for carbon neutrality.

Besides clearly ensuring QE jobs and upgrading
their set of skills, the Renovation Passport brings in
an enormous potential for job creation, for training
and lastly, for educating and raising awareness on the
topics of best practices on building use and sustain-
ability. Some of the possible jobs, other than QE, that
can originate from this service are QE mentors, cred-
ited inspection, maintenance and construction hubs,
web designers (for the platform) and data scientists
(to treat the large amounts of information flowing and
helping the QE with ever evolving calculation and de-
cision making tools), to name a few.

In order to encompass all these requirements nec-
essary to transform the building into a carbon neutral
NZEB, it is necessary for the Renovation Passport to
have several components, as follows:

1. Milestones (see section 3.2).

2. Physical and Technical Characteristics of the

Building (see section 3.3).
3. Energy Performance Improvement & Near Zero
Energy Building (see section 3.4).

4. Inspection & Audit (see section 3.5).

5. Maintenance & Construction (see section 3.6).

6. Building Owner/Users Roles (see section 3.7).
Each of these components, explored in the next sec-



tions, does not act nor exist independently from the
others, instead, information flows from one compo-
nent to the other, goes back, across and so forth. A
way to visualise the different components can be seen
on figure 4.

Energy Performance
Improvement & Near
Zero Energy Building

unding

Figure 4: Components of the Renovatiohmﬁasgﬁgf‘tm,
with their respective input databases, and connec-
tions between them.

3.2. Milestones

In order to reach a carbon neutral NZEB, the Reno-
vation Passport introduces the Milestones, which are
the objectives of energy performance, the building
has to fulfil by a certain time. These follow NZEB best
practices (as discussed on section 2) of first reduc-
ing energy consumption and then deploying RECT as
well as ELPRE’s strategy, which is comprised of four
packages, where the first addresses passive and en-
velope measures, to reduce the need of climatisation
and energy poverty'! risk, as well as increase com-
fort levels, the second promotes energy efficiency, the
third relates to decarbonisation and RECT installa-
tion and finally, the fourth addresses gradual comfort
level'? improvement [5].

In line with ELPRE’s strategy, the Renovation Pass-
port proposes three key Milestones, as detailed on
table 2. Milestone 1, for 2030, is based on PNEC’s

" Energy poverty happens when there is an inability to provide
"adequate warmth, cooling, lighting" and "energy to power ap-
pliances" [27], which in turn has consequences on population’s
health, well-being and comfort, productivity, as well as on air pol-
lution, "household budgets" and "economic activity" [27]. In 2018,
19.4% of the Portuguese population experienced an "inability" to
keep their homes "adequately warm" [28] and it is estimated "that
more than 50 million households in the European Union are expe-
riencing energy poverty" [27].

2The comfort levels considered are the ones presented in Euro-
pean Norm EN 15251 [29], and renovation works should bring the
comfort level up to, at least, category II.

Table 2: Renovation Passport Milestones.

Milestone Date  Energy Carbon
Neutrality'3
Milestone 1 2030  Energy perfor-  at least -35%'*
mance improve-
ment
Milestone 2 2040 50 to 75 % of con-  at least -73%"°
sumed primary en-
ergy provided by
RECT
Milestone 3 2050 100% of consumed  Carbon neutrality

primary energy pro-  (-97%')
vided by RECT -

NZEB

recommendation to improve the building’s energy ef-
ficiency (and electrification of technical systems) and
to use building rehabilitation to reduce resource inten-
sity, as well as the recommended and proposed value
of 35% of CO,,, emissions reduction, in comparison
with 2005 values [31]. Milestone 2, for 2040, starts to
focus on RECT deployment and the proposed value
of 73% of CO,,, emissions reduction, in comparison
with 2005 values, is taken from RNC 2050 [6]. Fi-
nally, Milestone 3, for 2050, proposes that 100% from
energy is supplied from RECT, therefore, making the
building a NZEB and the value for carbon neutrality of
at least 97 % of CO,,,, emissions reduction, in com-
parison with 2005 values, is taken from RNC 2050 [6].
To note that by 2050 the definition of NZEB is that
of a building which consumes (approximately) 100%
of its energy from RECT and not the current NZEB
definition from the Portuguese ministerial ordinance,
Portaria 98/2019 [32] which states NZEBs are build-
ings which must have RECT covering at least 50% of
the annual primary energy needs [32], must have its
nominal annual value of useful energy needs for heat-
ing (N;.) be equal to or less than 75% of the maximum
annual value of useful energy needs for heating (N;)
and its nominal annual value of primary energy needs
(N¢c) must be equal to or less than 50% of maximum
annual value of primary energy needs (N;) [26, 33].
Current fiscal benefits associated with the present
national scheme of the EPC system are related to
the Imposto Municipal sobre Imoéveis - IMI (Munici-
pal Property Tax) and to the Imposto Municipal sobre
Transmissées Onerosas de Iméveis - IMT (Municipal
Tax on Property Onerous Transfer) and are predicted

3Carbon neutrality measured in CO2,,,, carbon dioxide equiva-
lent, is "a metric measure used to compare the emissions from var-
ious greenhouse gases on the basis of their global-warming poten-
tial (GWP), by converting amounts of other gases to the equivalent
amount of carbon dioxide with the same global warming potential”
[30].

14C0y,,, emissions reduction, in comparison with 2005 values,
as proposed by PNEC [31], for the residential sector.

18C0,,, emissions reduction, in comparison with 2005 values,
as proposed by RNC 2050 [6], for residential buildings.

16C0,,,, emissions reduction, in comparison with 2005 values,
as proposed by RNC 2050 [6], for residential buildings.



according to what is established in [34-37].

The Renovation Passport, as a national scheme to
be implemented, intends to create new benefits for
building owners/users who adopt this framework, by
tapping onto the already existing tax benefits, asso-
ciated with the EPC system, and further developing
them, making them more attractive for investors, pro-
moting more municipalities to allow and apply these
benefits and creating the legal basis for their imple-
mentation. To implement a benefits plan, national
level research and a deep financial analysis would
have to be performed. Ideally, early adoption sup-
port and benefits would be key to drive the voluntary
adoption of the Renovation Passport scheme.

3.3. Physical and Technical Characteristics of the
Building

The physical and technical traits of the building are
the basic information from which the Renovation
Passport is built upon. They are what characterise the
building and can differentiate it from other buildings.
The information that should be stored in this compo-
nent’s database is the one described at table 1, re-
garding construction, envelope, heating and cooling
solutions, ventilation and others. Information in this
database should be arranged in the described topics
(table 1). Itis the QE who is responsible for putting up
this information together and in a coherent manner,
gathering data from in loco visits, from the building
owner/user and from original construction elements
such as plants and reports.

3.4. Energy Performance Improvement & Near
Zero Energy Building

This is the Renovation Passport component dedi-
cated to reaching the carbon neutral NZEB. Sepa-
rated in three phases, the first two deal with assessing
the current energy performance, improving energy ef-
ficiency and reducing energy consumption. The third
is related to RECT implementation, following NZEB
best practices.

3.41 Inputs
The necessary inputs for this component are, first, the
EPC itself, which is the basis for the energy diagno-
sis of the building and second, others referred to as
‘database inputs’ as they are to be data which should
reside in four organised databases:
1. Physical and Technical Characteristics of the
Building (see section 3.3).
2. Inventory of building energy renovation standard
measures.
3. Energy related spending (bills) and consumption
profile inventory.
4. Renewable Energy Conversion Technologies
Database.
These contain the information the QE needs to evalu-
ate the energy performance condition of the building,

what measures exist and may be applied in the build-
ing and what type of RECT may be deployed.

3.4.2 Phase

Having the information from the inputs, the QE can is-
sue the EPC (after performing an initial in loco energy
audit, see section 3.5), as it is the starting point for
analysing the building energy performance, namely,
by obtaining its energy class, and selecting the pool
of energy improvement measures to be executed to
reach the Renovation Passport objectives and Mile-
stones. When choosing the pool of measures, the QE
should rank the improvement measures and the first
to be implemented should be those with higher cost-
efficiency and lower payback time, calculated through
equation 6.

Payback Time [Year] =
_ Average investment cost [€]
 Average financial savings [€/Year]

(6)

3.4.3 Phase 2

Based on the chosen pool of improvement measures,
the QE should compute the new value of energy con-
sumption, the new consumption profile and the val-
ues of energy and financial savings, through equa-

kW h
tions 7 (in ) and 8 (in ), respectively, ob-
Year Year

tained from applying the pool of measures. By know-
ing the energy savings and knowing the types of en-
ergy sources used in the building, the carbon sav-
ings may also be calculated, through equation 9 (in
gCO2eq
Year

). Milestone 1 is the main concern until here.

Total average energy savings =

= Afioor - Z(Average energy savings)measure  (7)

Total average financial savings =

= Z(Average financial savings)measure  (8)

Z(Carbon avings)energy source ' =
= Z ((Total average energy savings)energy source

- (Specific emissions)'8nergy source) 9)

7Electricity and natural gas are currently the most consumed
energy sources, in residential buildings, in Portugal [38].

T gCOz,, .
18For electricity, this value was 225 [39], in July 2020,

. 8C0s,
for Portugal and for natural gas, the value is 50 YT [40].



3.4.4 Phase3

With the new consumption value and profile, as well
as information about the most suitable and available
RECT, the QE must then model the best and most
suited RECT to implement in the building, to finally
achieve a carbon neutral NZEB. The RECT unit(s)
should have enough capacity to provide for the new
energy demand and be suited to the energy con-
sumption profile of the building user, in order to max-
imise the energy consumed directly from the on-site
RECT. In the end, the equations 1 and 3 should be
verified. Milestone 2 and 3 are the main concern of
this phase.

3.4.5 BRenovated Carbon Neutral NZEB

Finally, the renovated carbon neutral NZEB is
achieved, by following the three phases described
and reaching the proposed Milestones.

3.5. Inspection & Audit

According to Allouhi et al., an energy audit can be
described as "an inspection or survey analysis of en-
ergy flows in a structure, in a process or in a system,
intended to reduce the amount of energy input with-
out negatively affecting the outputs”, it "is the primary
phase in proposing possibilities to diminish energy ex-
pense and carbon footprints" and can be carried out
at different depth levels [41]. They state an energy
audit has "four main phases"'®, audit preparation, ex-
ecution, reporting and post-audit activities [41].

In the context of the Renovation Passport, energy
audits should be performed, at first to understand the
current situation of the building, much like what hap-
pens for EPCs, i.e, before renovation takes place. In
this first approach, waste, critical points and opportu-
nities to reduce energy consumption should be identi-
fied [41], along with pointing out as many possibilities
of energy improvement/renovation as possible.

This way, the building user/owner will have more
information to work with and can then choose, with
guidance and expertise from the QE, which path of
renovation to follow (meaning, the pool of energy per-
formance improvement measures to apply) depend-
ing on how much they are willing to invest. At this
point the QE should guarantee the chosen pool does
not cause "lock-in effects" [42], i.e. that it does not
affect future renovation work by implementing mea-
sures which affect and/or do not allow future renova-
tion to take place, thus, not ensuring a competent and
good long-term strategy.

After renovation and/or the achievement of a Mile-
stone takes place, another energy audit should be
performed to assess the new energy performance
of the building. This audit should verify if the pro-
posed improvements were achieved and, depending
on owner/user’s will and power of investment, outline

9For more detail, please refer to [13].

future possible renovations , in a continuous improve-
ment mindset.

There is also the potential to automate these post
initial energy audits, by means of using smart meters,
Building Information Modelling (BIM)2° and Internet of
Things (loT)?! integration, with the possibility of cre-
ating a "digital building twins"2?> model, in order to "fa-
cilitate monitoring of activities and comparison of rel-
evant data against the initially agreed planning" [47].
These integration would help to automatise some of
the manual tasks executed by the QE, adding accu-
racy and faster response.

Following this ’after renovation energy audit’, fur-
ther energy audits should be replaced by mainte-
nance inspections, unless they are demanded specif-
ically, by regulation (to be implemented), and these
should be made to verify if the standard of energy
performance which was obtained after energy reno-
vation is being kept and, if not, how to fix it back to
wanted/expected values.

3.6. Maintenance & Construction

3.6.1 Maintenance

There are two main types of maintenance, commonly
used in machinery related industries, that can be per-
formed, preventive and predictive maintenance. Pre-
ventive maintenance is to be "performed at predeter-
mined intervals" [48], thus, being "time based" [48].
Furthermore, a "preventive maintenance programme
provides the equipment with an environment in which
it can perform its design function efficiently and reli-
ably" [48]. As for predictive maintenance, it relies on
"baseline and trend data to predict the root cause of
the change in condition" [48]. Moreover, a "predictive
maintenance programme utilises effective condition
monitoring to predict the need, scope and scheduling
of corrective action" [48].

These industry concepts can be adapted to build-
ing maintenance. At first, the best approach would
be to start performing preventive maintenance based
on the recommendations of the manufacturers of the

20According to Poljangek, "BIM, short for Building Information
Modelling, is a digital tool disrupting the construction industry as
a platform for central integrated design, modelling, asset planning
running and cooperation. It provides all stakeholders with a digital
representation of a building’s characteristics in its whole life-cycle
and thereby holds out the promise of large efficiency gains. One
particular area where standardisation on BIM is needed is the ex-
change of information between software applications used in the
construction industry” [43].

21 According to the European Commission, "Internet of Things
IOT represents the next step towards the digitisation of our soci-
ety and economy, where objects and people are interconnected
through communication networks and report about their status
and/or the surrounding environment" [44]. Smart buildings [45] and
smart homes [46] are some of "the most relevant IOT systems ap-
plication domains" [45].

22"The digital-twin concept uses tools and technologies to collect
and process real data and information from devices, components,
parts, machines on an ongoing construction site and structures in
use" [47]



installed equipment (with primary concern for great
energy consumers?3) and on a schedule defined by
the QE. After the initial Renovation Passport deploy-
ment phase, it would be wiser to change the approach
towards predictive maintenance since, at this point,
the Renovation Passport would have already gath-
ered enough information (in its databases), to cre-
ate a performance baseline and trend associated with
each equipment, so that new data acquired could al-
ready be compared with that baseline, thus enabling
a change of equipment condition to be noticed and
analysed. This way, not only is the corrective ac-
tion needed much easier to identify, but also, main-
tenance costs and drawbacks (namely, equipment
downtime?*), can be avoided.

It is the QE, along with the Renovation Pass-
port platform developers, who are responsible for
analysing the previous records, to build the trend line
and define the warning values, which should prompt a
notification to the building user/owner. After defining
the maintenance needs, maintenance must be per-
formed. To do so, the Renovation Passport proposes
the following guidelines, to the accredited mainte-
nance companies, who can be contracted by the
building owner/user:

1. Follow equipment manufacturers maintenance

recommendations.

2. Prioritise, when possible, repair over replace-
ment.

3. Prioritise, when possible, part replacement over

equipment replacement.
Ensure maintenance agents are qualified.

5. Comply with the maintenance schedule and
avoid delays, as it can have extreme conse-
quences on the equipment.

6. Report the maintenance activities performed.
The Renovation Passport proposes the features seen
on table 3 for its maintenance component, where
the guidelines are the ones presented above, the
recorded history corresponds to maintenance reports
and the notifications and guidebook is the feature that
warns the building user/owner when maintenance is
required and advises them through the necessary
steps to perform it correctly.

&

Table 3: Maintenance Features.

Renovation Passport - Maintenance - Features

Maintenance Guidelines
Recorded History of Maintenance Performed on the Building
Maintenance Notifications and Guidebook

23Great consumers are not defined for residential buildings, in
Portuguese legislation, namely Decree-Law 118/2013 [12]. How-
ever, those devices would probably be the ones responsible for
space heating and cooling and domestic hot water preparation, as
these are the top three energy consumers, in residential buildings,
according to Urge-Vorsatz et al. [49].

24The downtime is the period the equipment is not working, i.e.,
is not fulfilling its purpose.

3.6.2 Construction

Construction is the Renovation Passport phase where
actual rehabilitation takes place. These activities are
the ones recommended by the QE, when they de-
signed and selected the improvement measures to
be implemented and should be done by certified con-
struction entities which could be hired by the build-
ing owner/user. These certified entities must fulfil all
the requirements for the works, set by the QE, as
well as report and upload to the Renovation Passport
digital platform, the current status of the construc-
tion/renovation works, with updated details on their
progress. Whilst they do so, the QE must verify their
reports and monitor the quality of the works.

The entities are ’certified’ because they fulfil cer-
tain requirements, related to performance quality,
know-how, safety and sustainability, which, since this
scheme is building from the EPC one, it could be
managed by ADENE as well and, therefore, could re-
ceive a 'seal of approval’ from ADENE to foster con-
sumer trust.

3.7. Building Owner/Users Roles

The Renovation Passport is designed so that the
building owner can be guided on how to renovate
and turn their building into a carbon neutral NZEB,
with costs and tax benefits associated with each Mile-
stone, while the building user benefits from energy
consumption reduction and auto-consumption solu-
tions, which lead to a reduction on energy expense.
These, which may be the same or two separate enti-
ties are the main users of the Renovation Passport.

Nonetheless, these are not the sole addresses of
the Renovation Passport. The QE are both creators
of content for the platform (energy audit reports, guid-
ance for maintenance and construction certified en-
tities, as well as the step by step renovation plan)
and users, as they read and check inputs other users
uploaded (maintenance and construction reports and
other building information). Furthermore, those certi-
fied entities (to issue reports and read guidelines) and
funding®® authorities, that could be government pro-
grammes, private companies, banks and credit agen-
cies, may also access the platform (to read informa-
tion and verify compliance).

3.8. Renovation Passport Innovations Summary

The Renovation Passport innovations have been pre-
sented throughout the sections above. In this section
they are presented, on table 4, in order to showcase,
in a intuitive way, what are the new proposed features
the Renovation Passport brings when comparing with
the current national EPC system.

25A list of (Portuguese) funding programmes, directed at build-
ing renovation, the building owner/user could apply to, in order to
finance the necessary investment(s) is presented on [13].



Table 4: Renovation Passport Innovations Summary.

No. Innovation Description

1 Different NZEB definition from the EPC. The NZEB is con-
sidered as a "yearly energy neutral building" [14] where, in a
year, the building converts, from renewable sources, (nearly)
as much energy as it consumes and that connection to the
energy grid should be considered, instead of the NZEB def-
inition presented on the Portuguese ministerial ordinance,
Portaria 98/2019 [32] (see section 3.2).

2 The main clear purpose, aligned with current national strate-
gies, is to reach a carbon neutral NZEB, instead of the high-
est energy class possible (see section 3.1). This purpose is
proposed to be reached by following a renovation and reha-
bilitation plan, designed by the QE.

3 The Renovation Passport promotes the extension of build-
ings’ lifetime, by promoting rehabilitation works, which in turn
allow for improving the building’s current condition(s), by ap-
plying new construction solutions and equipment, ameliorat-
ing the comfort levels for its users, as well as the quality of
the building (as a construction) and its systems, therefore, in-
creasing the potential for a longer building lifetime (see sec-
tion 3.2).

4  Potential to automatically read energy consumption and eval-
uate its evolution, by deploying the use of smart meters, in
an 'automatic’ energy audit, IOT integrated logic (see section
3.5).

5 Potential to use BIM to obtain the new building energy de-
mand values and profiles, after energy performance improve-
ment measures’ implementation, as well as to perform the
‘automatic’ energy audit (see section 3.4.2 and 3.5).

6 Having a maintenance plan to be followed (much like what
happens for automobiles in Portugal) and the opportunity to
book credited maintenance and construction entities to per-
form those activities (in/at the building), as well as having a
record book with every detail about the performed work and
applied modifications (see section 3.6).

7 Possibility for the building owner/user to have more involve-
ment, advice and support from the QE, in subjects like poten-
tial available funding and verifying the compliance of mainte-
nance and construction works with the Renovation Passport
plan as well as the credited quality standards (see section
3.7 and 3.6).

8 Upgrading the current role of QE and their set of skills. Enor-
mous potential for job creation, for training and lastly, for ed-
ucating and raising awareness on the topics of best building
use practices and sustainability. Some of the possible jobs
that can originate from this service are QE mentors, credited
inspection maintenance and construction hubs, web design-
ers and data scientists (see section 3.1).

4. Digital Platform Organisation Proposal
The Renovation Passport, as a depository of a se-
ries of ever changing and interactive data, is best to
exist as a digital platform. This platform should be de-
signed primarily for the main users, the building owner
and/or user, having in mind, of course, the others, in
order to create the most intuitive experience for all.
The proposed setting is to have an initial page that
presents the Renovation Passport concept and con-
tains links to European and Portuguese programmes
and projects relevant for better understanding build-
ing rehabilitation. On this initial page, there should
also be links to access each of the Renovation Pass-
port components pages. In order to help the platform
user understand how each component interacts with
each other a graphic, picture like, preferably interac-

tive, data map should exist and be shown, as figure
5, a more detailed overview of the Renovation Pass-
port and its components, tries to convey. The initial
page could possibly also be the place where notifi-
cations and warnings for the building owner/user and
the current status report, made and updated by the
QE, could be displayed.

As the Renovation Passport builds from the cur-
rent national EPC system and since the EPC is the
first step for building rehabilitation, in the Renovation
Passport context, the EPC itself, and more impor-
tantly, the EPC results (namely, building energy class)
should be the first information the building owner/user
sees, in the digital platform. Ideally, this would be the
first status report, which should be in a very relevant
place in the platform, either, on the initial page or in a
special and very visible tab.
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Figure 5: Renovation Passport information flow,
where the Renovation Passport components are
shown in orange and green.

5. Final Remarks
The Renovation Passport is presented as a new vol-
untary scheme which could be implemented at a na-
tional level, to promote building renovation and re-
habilitation that leads to carbon neutral NZEBs, by
starting from the existing EPC system scheme, tak-
ing advantage from its networks and infrastructure,
and proposing new features and components, as pre-
sented before. The main innovations the Renovation
Passport offers are the ones presented on table 4. In
this work, energy improvement for a single building
was the main focus, although, there still is a lot of fu-
ture work to consider for the Renovation Passport.
Perhaps the most immediate advance to this work
would be to address water efficiency and the water-
energy nexus®® which would directly affect the en-

26The water-energy nexus studies the relationship between wa-
ter and energy, namely, by understanding how energy is used to
"secure, deliver, treat, and distribute water" and how water is used



ergy performance of the building. In a urban context,
concepts such as Positive Energy Districts®”, smart
cities?®, nature based solutions?® and urban farming®®
may also be incorporated in future and broader ver-
sions of the Renovation Passport. Lastly, some con-
cepts of circular economy may also be applied in the
context of the Renovation Passport, such as urban
mining®!, the "circular product label" (as an adapta-
tion to the context of building construction and reha-
bilitation products, of the current label "CERTAGRI"
developed by ADENE, for the agri-food industry [56])
and building modularity.
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