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Abstract

The Smart Readiness Indicator (SRI) was introduced by the revised Energy Performance of Buildings
Directive (EPBD) 2018/844/EU, as a voluntary scheme for rating the smart readiness of buildings. The
methodology addresses the benefits of smart technologies and their functionalities in buildings to offer
low-energy, healthier, and environmentally comfortable buildings that balance the needs of occupants
and the energy grid. This is a case study implementation of the SRI calculation to the university campus
scale. The SRI methodology is applicable on a building-by-building basis; however, the assessment of
large stocks and energy hubs is not addressed and will be the focus of this study. Other studies have
proposed a method to extend the calculation to building clusters which, however, involves assessing
all the buildings in the cluster in detail. The current case study extends to a much larger number of
buildings-and, therefore, the assessment of each individual building was not considered effective. A
critical implementation of the SRI calculation is presented here that censidersleverages publicly
available information like Display Energy Certificate (DEC) advisory recommendation reports for a
university campus. A complex building is used to verify the proposed method based on the SRI detailed
methodology. FhisThe proposed method provides a solution to the large-scale processing of building
information across multiple complex buildings, hence benefiting decision-makers early on. Furthermore,
the method benefits from the inclusion of building-specific recommendations based on DEC surveys.
For the 98 buildings examined, a campus SRI score range has been estimated and focus areas have
been identified as the foundation of smart energy and net-zero transition pathways.

Keywords: EPBD, Smart Readiness Indicator, Display Energy Certificate, automated SRI calculation,
university campuses
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AHU

Air-handling unit
Al

Artificial Intelligence
AR

Advisory Report (BEC)
BACS

Building Automation and Control Systems
CCC

Climate Change Committee
CHP

Combined Heat and Power
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DHW Display Energy Certificate
DSM Domestic Hot Water
EC Demand-side Management
EPBD European Commission
EU Energy Performance of Buildings Directive
HVAC European Union
HE Heating Ventilation Air Conditioning
ICT Higher Education
loT Information and Communication Technologies
IPCC Internet of Things
ML Intergovernmental Panel on Climate Change
NZEB Machine Learning
SRI Nearly Zero Energy Buildings
TABS Smart Readiness Indicator
TBS Thermally Activated Building Systems
VBA Technical Building Systems
Visual Basic for Applications

1. Introduction

Climate adaptation and resilience is-tighthyare intrinsically connected to the adaptation of the urban
environment, as rapid urbanisation is both a key concern and an opportunity to tackle climate change
[1]. Globally, compliance with the Paris Agreement’s 1.5°C limiting global warming target has spurred
a race to net-zero emissions by 2050 with the United Nations urging governments to strengthen their
action plans through strict National Determined Contributions (NDC) [2]. S-Significant advances in
international policy now provide route maps to net-zero transitions, with the energy sector being a major
focus. Buildings are large energy consumers, and the growing energy demand predictions are
callingcall for unprecedented technological, planning and social changes [1]. In the UK, compliance with
the CCC’s binding Sixth Carbon Budget requires building carbon emissions to be eliminated by 2050
[3]. Europe has committed to making all new buildings nearly zero-energy (NZEB) starting fromin 2020
and progressing towards zero-emission buildings by 2030. A comprehensive revision of the 2018
Energy Performance of Buildings Directive (EPBD) and the European Green Deal [4] aimaims to
achieve a fully decarbonizeddecarbonised building stock by 2050, positioning Europe as the first
climate-neutral continent [5]. The-directive-also,-For the first time in EU legislation, the directive also
recognises the importance of building intelligence in driving down energy demands, enhancing building
environments and the role that buildings can play in a flexible, decarbonised energy system that shifts
from being infrastructure-lead to service-lead [6].

A key implementation mechanism of the EPBD directive is the “Renovation Wave” strategy that-was
presented in 2020; as part of the European Green Deal that aims to double the energy renovation rate
of buildings by 2030 and encourage wider deep retrofits [7]. Consolidation of some key measures was
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considered necessary to achieve this rate. These include the digitalisation of the Energy-Performance
Certificatesbuilding energy performance certification (EPC), the introduction of building renovation
passports and building system modernisation that better integrates energy systems to the building level
(domains include heating, cooling, ventilation, charging of electric vehicles and renewable energy). The
latter has been the focus of the “Smart Readiness Indicator” (SRI);—an). This instrument-that was
introduced by the EPBD to address the gap in the assessment and certification of smart building
technical systems [8]. The-scheme,-As explained further below, the scheme provides an assessment
methodology and certification. On a building-by-building basis, it rates a building’s potential to integrate
smartness under nine domains like EPCs and Display Energy Certificates (DEC)-demonstrate),
demonstrating a building’s energy efficiency rating.

Increasingly, energy transition pathways highlight the role that sub-national actors like cities,
communities, public-private entities etc.., play in addressing climate change [9]. The necessity for a
whole systems and cross-sector response to the climate crisis has also been highlighted in various net-
zero transition roadmaps and frameworks [10-12]. At district scale, university campuses typically
represent large building portfolios, are large energy consumers [13] and pose significant potential for
decarbonisation [14]. Drawing from previous research [15], this paper emphasises buildings and
campuses as active participants in the energy system, exploring the integration of smart technologies
to tap into their carbon mitigation potential. In lieu of an established smart energy campus-specific
assessment, this research applies the SRI assessment to the building stock of a reference university
campus to assess the extent to which publicly available building data can provide the basis for stock-
level assessment. The SR, covering various energy vectors like heating, power; and electric vehicles,
was considered an appropriate starting point for university campus smart energy assessments.
Additionally, the use of publicly available data for the assessment is examined as an alternative to the
traditional resource-intensive building survey-based SRI assessment;-aiming. The aim is to overcome
this resource barrier and also link the SRI assessment to established building energy efficiency
schemes like EPCs and DECs.

1.1.  Smart Readiness Index (SRI) and Display Energy Certificates (DEC)

The governing frameworks that the EU has brought forward to drive national energy efficiency regulation
and standards are in the form of three directives;: The Energy Efficiency Directive [16], the Energy
Performance of Buildings Directive (EPBD) [17] and the Renewable Energy Directive [18]. Having come
into play in 2002 and with two updates in 2010 and 2018, the EPBD is increasingly tightening the energy
efficiency requirements for buildings in the EU. The last amendment, EPBD 2018/844/ EU, introduced
the smart readiness indicator (SRI) and the need for a common EU rating scheme for three key building
functionalities: adaptation to occupant needs:, adaptation to external grid signals and optimisation of in-
use building operation to increase energy efficiency and overall performance. It also mandates the
development of a common definition and assessment methodology to guide national implementation.
As a result, a consortium research study was commissioned by the European Commission (EC) that
produced the current calculation framework detailed in a report published in 2020 [19] and ce-
ordinatedcoordinated the methodology's non-committal testing and validation phase—of —the
methodology. Initial testing revealed, albeit on a limited number of buildings, a premise of ‘low total SRI
score’ and a large opportunity for smart-readiness improvement in areas such as dynamic envelopes;
and flexibility and storage capabilities [20].

As a spreadsheet tool, the calculation framework;-in-the-form-of a-spreadsheetioel; organises qualitative
indicators in a matrix of technical domains, technical services related to each domain, and impact
criteria (see Table 1).

The SRI assessment allows buildings to be evaluated using one of three possible methodologies. In its
simplest version, Method A, the calculation follows a check-lisichecklist approach that allows self-
assessment but not for certification purposes. It-is also focuses on a subset of the smart-ready services
as-oppeosed-toinstead of the full list that the detailed assessment Method B considers. Method B requires
on-site inspection, and certification is possible when a trained expert is—carryingcarries out the
assessment. Method C,-finally; allows the assessor to select only the smart-ready services relevant to
the assessed building-being-assessed-. Overall, the methodology applies different weighting factors, for
climate zone and building type, to each of the domains and impact criteria that, if needed, can be
customised by the user based on the assessment specifics. Although the SRl is a relatively new topic,
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various studies have highlighted that the SRI process can be resource-intensive;-is and restricted to a
building-by-building assessment approach [21,22];-with. Most studies are limited to specific case study
buildings [23—25], but they nonetheless report on methodological gaps that the SRI needs to address
for different contexts and climates [26,27]. This study [28] which focused on specific regional building
contexts like Mediterranean non-residential buildings, found that SRI scores were not reflective of the
buildings’ energy performance needing weighting factor adjustment. Additionally, energy retrofit was
found less effective in improving the SRI score based on two case study buildings. The subjective score
assessment by the assessor and athe difficulty to—drawin drawing comparisons between different
buildings with different services present [23}-were also highlighted [29]. District-level studies are limited
in number; one of them suggests the extension of the EPC framework to quantify the load-shifting
potential of districts [30] with theoretical application scenarios presented here [31]. Canale et. al [32]
propose the categorisation of residential building stocks under typologies to estimate building stock-
wide SRl levels in Italy. A lack of studies was therefore found addressing the detailed calculation of the
SRI based on specific building data at scale and will be the focus of this study.

The EU Commission recognises the SRI additionalities with the EPC scheme (and subsequently DEC)
in the efforts to enhance building energy performance and occupant awareness on energy efficiency.
Furthermore, the SRI guidance qualifies EPC assessors for issuing SRI certificates. In that light, this
research seeks to examine potential links and the integration of the more established EPC/DEC
schemes with the SRI scheme. Particularly relevant to university campuses, the DEC scheme has been
in place since 2008 and monitors the measured energy performance of large public non-domestic
buildings in England and Wales {24][33]. DECs present the annual energy use and associated carbon
emissions of a building, alongside a normalised A-G grade that represents its performance relative to
benchmarks produced for similar buildings. For buildings that require DECs, an accompanying Advisory
Report (AR) must also be produced every 7-10 years [24][33]. The ARs contain building improvement
recommendations with accompanying estimates of the likely economic and environmental impacts
(e.g., “Consider installing building-mounted solar water heating” with a predicted ‘long’ payback period
and ‘medium’ impact on building emissions). These recommendations, produced by DEC software in
conjunction with the knowledge and expertise of the building’s assessor, therefore provide further detail
on a building’s characteristics and its improvement potential.

A public DEC database has been available for several years [25][34]. While this does not include all the
variables collected in the DEC process, it does cover building performance, including annualised
electricity and fossil-thermal energy consumption, alongside key building characteristics such as total
floor area, main internal environment (e.g. air-conditioned or naturally ventilated), and main heating
fuel. Additionally, the recommendations and associated predicted impacts from the ARs are also
included. As a source of large-scale, disaggregated, and long-term empirical data, DECs have been
used to research the non-domestic stock in numerous studies over the years. This includes statistical
analyses of building performance [26—28][35-37], as well as studies that use the DEC data as inputs
for building simulation [29][38].

1.2.  Smart energy integration and decarbonisation of university campuses

Considering the wider energy system, the SRI aims fo align with the EU’s action plan for the
digitalisation of energy, 'Digitalising the energy system - EU action plan' [36][39]. Smart-ready buildings
are thought to play a key role in facilitating the integration of renewable energy in decentralised, flexible
energy systems [31][40]. A smart-ready building, with the use of automation and smart technologies, is
expected to be healthier, more comfortable, low-energy and flexible. Flexibility enables smart-ready
buildings to operate as active nodes in a smart energy system [32][41]. A systematic literature review
demonstrated how university campuses have integrated various smart energy vectors in their
operations, like smart energy monitoring and renewable generation monitoring, to optimise their energy
usage [33}[15]. Using Internet of Things (loT) technologies, Artificial Intelligence (Al) and Machine
Learning (ML) they can proactively manage energy usage, allowing for demand-side response
management. Other universities utilised dynamic energy pricing, adding flexibility to the power grid by
exploring load-shifting opportunities or even decoupling from the central grid and operating in self-
sufficient mode (lbid.). Information and Communication Technologies (ICT) are also used for smart
learning and governance as well as monitoring internal environmental conditions and adapting to
occupant needs (Ibid.).
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At a district- or campus -scale, clustering of buildings can increase the opportunities for energy sharing
and load shifting {341[30], although these are not currently considered in the SRI. Additionally, while the
SRI offers an assessment of the readiness of buildings to participate in flexibility schemes, it does not
provide any basis for quantifying the flexibility potential. The importance of clustering and scale has
been recognised by the International Energy Agency (IEA) Annex 67 thatwhich also highlights the
importance of user comfort and acceptance of any flexibility strategies [35][42].

Research highlights that currently, building energy performance certification (EPC) lacks harmonisation
with smartness and excludes any smart building and smart city elements {361[43]. Instead, it suggests
a methodology to extract Building Automation and Control Systems (BACS) information and SRI input
from BIM models and integrate both to a next-generation EPC scheme[36]} [43]. Another study [37][44]
suggests reorganising EPCs under eight assessment themes, including the SRI, comfort, outdoor air
pollution, real energy consumption, district energy and enhanced communications, to create a hybrid
assessment method. The potential interactions of the two schemes have also been recognised
elsewhere, highlighting that learnings from the EPC scheme can be taken forward to the SR, but also
arguing that the SRI can contribute to closing the performance gap and benefitting building energy
performance certification by further facilitating energy renovations [37-39][44—46].

1.3. Research goals

Considering the-abeve need to catalyse building energy renovation and the transition to a decarbonised
energy system, the research aims to identify connections between smart readiness and common
building energy certification schemes i.e., using publicly available building information to assess smart
readiness at building stock level. With a specific focus on university campuses, it is believed that this
methodology can provide a blueprint for rapidly drawing insights for the technical domains of a large
number of buildings, without undertaking detailed surveys: as part of the initial screening. This approach
could benefit organisations in_the early stages of planning their transition to district level
decarbonisation.

Contributions:

e Propese-aA novel method to automatically use DEC advisory report recommendations to
assess the SRI services for each building within a campus stock and calculate an area-
weighted whole-campus Smart Readiness Indicator.

o Propese-a-methed-oflThe approach’s novelty also lies in scoping potential smart integration
interventions for university campuses based on their current degrees of smart readiness and
the areas lacking in smart -readiness.

2. Methodology

Considering the limitations of the SRI methodology as-previeushyr-mentionedthat requires extensive data
collection and onsite inspection undertaken per building, this method proposes to utilise the DEC
advisory reports to extract_existing building information and evaluate campus smart readiness at a
disaggregate (individual building) level. Utilising the DEC advisory report recommendations, this new
methodology entails:

e collecting DEC data for each building inon the campus,

e generating links between DEC advisory report recommendations and SRI services,

e calculating the SRI scores (for best and worst case) per building using the DEC data,
e producing an overall area-weighted SRI score for the whole campus.

Based on the steps above, Figure 1, illustrates how the SRI calculation is adapted to integrate DEC
recommendations with the smart-ready service assessment. By linking smart-ready services to DEC
recommendations, a range of scores can be automatically calculated for each building and an area-
weighted score estimated for the whole campus. Post-processing the campus DEC recommendations
and smart-ready services also provides insights into what measures can be implemented to improve
the smart-readiness of the campus and an overview of campus operational energy performance based
on DECs.
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Figure 1: Method diagram for the assessment of campus-wide smart readiness using DEC advisory reports. Dotted

outlines signify the proposed method modifications.

The assessment and rating scheme utilises a calculation spreadsheet [19], that at the time of writing is
only available for testing purposes. Several smart-ready services are assessed and scored based on
their functionality levels over nine smart domains and seven impact criteria. Overall, the detailed Method
B, lists a total of 54 services, compared to 27 applicable to the simplified Method A. Method C, as
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explained previously, allows flexibility to the assessor to create a bespoke selection of relevant services.
Weights are assigned to each service and impact score based on the climate zone and type of the
building (i.e. residential or non-residential). The key principles and domains of the SRI framework are
summarised in Table 1. For each of the smart services, a score of 0-4 is assigned based on the
functionality level, with level O referring to a non-smart-ready service and the highest level signifying an
advanced functionality for this service. The highest score achievable per smart service varies between
2-4. In the case of services or domains that may be irrelevant to the assessed building, they are
discounted from the calculation following a triage process [19]. The overall SRI score is calculated as
the weighted sum of all sub-scores per impact criterion taking—inte—acecountconsidering domain
weightings. Specific domain scores are also calculated by applying impact weightings.

2.1. DEC data collection

For the present implementation study, DEC and AR data was collected for certificates lodged until late
2021. The complete database consists of 426,633 certificates, across all building uses and locations in
the-UK-England and Wales. The SRI for university campuses was tested using a UK urban university
campus.

The process of narrowing down to the desired university campus DECs was undertaken using 3DStock;
a highly detailed, fully disaggregate building stock model which includes DEC and EPC data address-
matched to each property [40][47]. A list of buildings within the university campus was matched to
addresses within 3DStock, which were used to identify the associated DECs and ARs. DEC data was
grouped based on the building and lodgement year, and for buildings with multiple years of lodged
DECs and ARs, the most recent year was selected. Depending on the internal breakdown, a single
building may require multiple DECs to be lodged (e.g. separate DECs for sections of the building
associated with distinct occupiers or uses). These cases were identified using the ‘Building Reference
Number’ within the DEC database.

Across the database, the majority of AR recommendations use a set of standarisedstandardised
‘recommendation codes’ {41][48]. For example, CON17'CON17’ is to consider installing HVAC timer
controls. Across all recommendations in the entire- DEC database, 13.4%-of recommendations are not
provided with a recommendation code. Keywords were used to link these unclassified
recommendations to specific recommendations within the DEC process where possible. Unclassified
recommendations were listed and checked for overlapping content, followed by categorisation to the
closest AR recommendation group (see Table 1). Key—werdsKeywords from the coded
recommendations were extracted and-then matched to the unclassified recommendations where
possible. For 9% of the unclassified recommendations, this was not possible; since they could not
clearly-be linked (e.g. “install water-saving devices”).

Table 1 presents the full list of SRI smart domains available through the EPBD guidance [19]. In the
SRI methodology, assessment-of-the-smart-ready services is-madeare assessed against the impact
criteria presented in the same table. Similarly, the DEC recommendations are organised under different
groups-tee. The two methods overlap in most categories, except for the fabric recommendations that
the DEC assessment includes, and-the disaggregation of lifts and catering-as—well-as, ventilation
systems, and heating systems. During the DEC data collection, 76 unique coded recommendations
were identified, split under 13 coded categories.

Table 1: EPBD SRI domains [19] and DEC advisory recommendation groups

SRI Domains Smart service impact criteria DEC recommendation groups
{42{[49]
Heating (H) Energy efficiency Operation and management (OM)
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260
261
262
263
264
265
266

SRI Domains Smart service impact criteria DEC recommendation groups

f42}[49]
Domestic hot water (DHW) Maintenance & fault prediction Fabric (BF)
Cooling (C) Comfort HVAC controls (CON)
Controlled ventilation (CV) Convenience Ventilation — Natural (V)

Lighting (L) Health, well-being and

o Ventilation — Mechanical (V)
accessibility

Dynamic building envelope Information to occupants Ventilation — Mixed (V)

(DE)

Electricity (E) Energy flexibility and storage Small power (SP)
Electric vehicle charging (EV) Lighting
Monitoring and control (MC) Cooling (AC)

Lifts (LE)

Catering (CA)

Boilers (HS)

Hot water (HW)

Alternative energy (AE)

Maintenance (X)

2.2. DECto SRl links

The premise of the proposed method is that DEC recommendations and smart-ready services can be
linked to draw an understanding of a buildings’ and, subsequently campus’s smart readiness (i.e. a
buildingsbuilding's DEC recommendations can be used as input data for its SRI calculation). Where-a
building-recommendation-is-linked-to-an-SRl-service-in-this-way;-A corresponding potential range of
smart functionality levels is alse-assigned when a building recommendation is linked to an SRI service
in this way. When all the separate recommendations for a building are processed, they make up the list
of smart-ready services and levels applicable per building. Where appropriate, DEC recommendations
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are linked to multiple SRI domains. DEC recommendations that could not be directly linked to a service
were excluded. So, for example, a DEC recommendation to consider installing HVAC timer controls
(CON17) has been linked to SRl domains H-1a (heat control, demand side), C-1a (cooling control,
demand side) and V-1a & V-1c (ventilation, airflowairflow control).

Following the single-building SRI methodology [19], this study assigns functionality levels to the smart-
ready services based on the respective DEC recommendation. Considering the brevity of the DEC
recommendations, there-isthis approach introduces a level of uncertainty intreduced-by-this-approach
to attributing functionality levels. To limit the uncertainty, a-minimum and a-maximum functionality
levellevels have been produced for each of the recommendation and service matches. In the example
above, the interpretation of the recommendation to install timer controls results in the following scores:
H-1a(0-2), C-1a(1-2), V-1a (0-1) and V-1¢(0-1) minimum and maximum levels respectively. This way,
the possibility of zero HVAC time controls is represented by a zero smart functionality level for the
service up to the maximum functionality implied by the recommendation (e.g. the minimum functionality
level for H-1a is “No automatic control” and the maximum attributed level is “Individual room control
(e.g. thermostatic valves, or electronic controller)’. Finally, where a building has multiple
recommendations linked to individual services, the maximum attributed score was considered per
service. So, if the example building had two recommendations that are linked to functionality levels of
0-2 and 0-3 for the H-1a service, then an overall range of 0-3 would be applied. Through this process,
all possible links were made;. The scores can be nonetheless reviewed and adapted by-prespective
assessorsshould the method be implemented centrally.

The processing of the DEC data, including the code to translate recommendations to SRI services and
functionality levels was written in a PostgresSQL database. A full list of the links between DEC
recommendations and SRI services, along with the corresponding minimum &and maximum levels, is
provided in APPENDIX A.

2.3. SRl calculation at building and campus level
Having-linked-the-DEC recommendations-to-the-SRl-services,-The calculation for a specific set of

buildings can be produced_by linking the DEC recommendations to the SRI services. The calculation
steps are outlined here and illustrated in Figure 2:

1) |Initial triage process is completed for the campus by excluding whole domains where not applicable
to the buildings as per the SRI methodology e.g., electric vehicle charging if it is known that none
exists. When calculating the SRI for individual buildings, this can be done through a detailed survey,
but under the present proposal, which aims to calculate SRI at scale, such an approach is not
practical. Triage for the smart-ready services is, therefore, done automatically, based on the DEC
matching process described previously. Where a link between a DEC recommendation to an SRI
service exists, this service will be included in the calculation. Services not linked to a
recommendation are excluded. This way, the calculation assesses the smart readiness of existing
services as described in DECs so as not to negatively-affect the assessment negatively [21]. The
services not included in the calculation signify the areas for further improvement towards smart-
ready buildings and considerations for expanding the DEC recommendations to include smart
considerations.

2) Process the DEC recommendations for each building, using the method described in the previous
section.

3) The SRI calculation is based on the latest calculation spreadsheet; provided by EPBD for testing
purposes [43}[50]. Two overall SRI scores are calculated;—ence, each using the minimum and
maximum functionality levels for each ef the-servicesservice from the DEC recommendations.

4) The building- and campus-scale SRI calculations were implemented by adapting the existing SRI
Excel files with VBA code to cycle through large numbers of buildings. The code iteratively goes
through the SRI calculation per building and calculates the minimum and maximum score per
building and per DEC AR- (see equations (1), (2)). For this selection, the code calculates minimum
and maximum total area-weighted SRI scores for the campus stock;_(see equation (3)), using the
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317 floor area data for all-buildings-ineach assessed building and the assessment-using-the-following
318 egquations:total campus floor area.

n

319 Smart Readiness Indicator,;, = Zservice scoremnx impact weight for domain
i

320 (1)
n

321 Smart Readiness Indicator ., = Zservice Scorema,X impact weight for domain
i

322 (2

Processing the list of
DEC
recommendations
for each building

DEC recommendation (i)

. . - - Matching each
e.g. Heating domain J} e.g. Ventilation V- § e.g. Monitoring & recommendation to

— H1-a service 1c control MC1-a all relevant SRI
services

Min Max Min Max Min Max Estimating a

minimum and

Functiona | Functiona W Functiona | Functiona W Functiona I Functiona
lity lity lity lity lity lity maximum
applicable | applicable [ @pplicable | applicable W applicable | applicable functionality level for
=min = max =min = max =min = max each service
score score score score score score

Building SRl score
SRI score i, = Z(service score p,, X weighting) calculation

SRl score 5, = Z(service score p,, X weightin (minimum and
max ( max g g) maximum estimate)

323

324 Figure 2: SRI calculation steps per building

325 Smart Readiness Indicator ,.q = .. SRIix (building area weighting)i (3)

=R

326
327 2.4. Case study

328  The case study implementation of the DEC-based SRI calculation was undertaken in two parts,
329  described below:

330 - Building-scale: FirstiyFirst, a comparison between the standard SRI calculation and the
331 proposed method for a single university building. The detailed Method B was—used—to
332 includeincluded the full range of smart -services. The selection for the building was based on
333 two main criteria;: availability of technical and operational information and sufficient complexity
334 in terms of building systems to maximise the scope of the testing. A desktop assessment was
1335 undertaken for testing purposes, as there was sufficient information for all the assessment
336 domains.

337 - Campus-scale: Secondly, a calculation of the overall campus score for the university buildings
338 that-havewith a DEC-and using the methodology described in this study.

339 A summary of the campus and the building used in the case study is provided in the following
340  subsections.
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University campus summary

The studied university campus comprises 216 buildings spread around a large urban area. According
to the studied DECs, more than a third of the studied buildings were built between 1945 and 1980, a
third was built pre-1914, 20% of the buildings were classed as post-1980, and around 8 % of the
buildings were built between 1919 and 1939. In terms of usage, around 27% of buildings are classed
as labs with medical uses, residential and teaching buildings each occupy around 20% of the campus.
Libraries occupy around 12% of buildings; the remaining buildings comprise administration buildings
and chemical and engineering labs. Lastly, in terms of energy efficiency, about half of the studied
buildings had a rating of C and above.

Out of the total 216 buildings, 98 were within the research scope, i.e-., large enough floor area to require
a DEC. In the case of the studied campus, many buildings are Victorian terrace conversions under the
size threshold of 250m?2. In-terms-ofRegarding ARs, the median number of recommendations found per
building-and-lodgement year is 14, with thean interquartile range of 11-15. A recommendation code
was not provided for 6.7% of the campus’s AR recommendations,-a-recemmendation-code-was-not

provided,

Case study: key building characteristics

A Grade Il listed university building was selected for assessment. It is a 5-storey, 4,599m?2 multi-use
building eriginally-built in the early 20t century as a science teaching and lab building. It has been
recently partly refurbished to provide teaching, research laboratory and social spaces. Additionally, the
building is shared by four different departments that-were-introduced at different stages-and-that, which
the refurbishment sought to consolidate. An overview of the building characteristics and the resulting
triage exclusions is displayed in Table 2.

The results of the triage process indicate that the heating, cooling and domestic hot water domains are
present, with multiple systems serving different parts of the building-{, e.g. low-temperature hot water
(LTHW) from district heating and gas boilers, chillers and localised direct expansion (DX) heat pumps)-.
Regarding the ventilation domain, all labs and generally-most of the building isare served by air-handling
units with mechanical ventilation and heat recovery;-however,-there-are. However, some office areas
withhave natural ventilation and manual window opening. The dynamic envelope features are limited
to manually operated roller blinds for solar shading and manual window opening, not connected to the
mechanical ventilation plant. The labs within the building have been designed for close-control
requirements that do not usually allow for fluctuations—in—temperature and humidity in—mest
cases-fluctuations. In terms of electricity, the building does not generate renewable energy or have
electricity storage capacity. Relevant services were-therefore-excluded-as-well-as-and those associated
with combined -heat and power (CHP},-that) were excluded, which is also not present in the building.
In terms of monitoring and reporting, the building is connected to a central building -management
system that monitors the operation of the equipment in real -time. Reporting for end-uses is available
through historical energy data. Finally, the building does not present any flexibility capacity and demand-
side management control. Building information_is organised based on the SRI calculation process and
the available input options.

Table 2: Building information organised based on the SRI calculation process and the available input options.

Building information Triage process
Domain Input information Services excluded
Building type: Non-residential Heating District heating (multiple systems H-1b: Emission control for
present including gas boilers-and Thermally Activated Building
heat pumps) Systems (TABS) (heating
mode);

11



Building usage: Educational
building

Building state: Renovated

Location: Western Europe,
United Kingdom

Multiple generators

Thermal energy storage not
present

Hydronic system

H1-f: Thermal Energy Storage
(TES) for building heating
(excluding TABS)

Total useful floor area of the
building: 4,599 m?

Domestic hot
water

Non-electric with storage and no
solar collectors (LTHW and gas

boilers heat to indirect hot water
storage calorifiers)

DHW-1a: Control of DHW
storage charging (with direct
electric heating or integrated
electric heat pump)

Year of construction: 1915 Cooling Hydronic system C-1g: Control of Thermal
Energy Storage (TES)

Thermal energy storage not operation
present

Ventilation Mechanical ventilation present n/a
with heat recovery

Lighting LED controlled via sensors for n/a
daylight, absence detectors, PIR’s
and local light switches.

Dynamic Dynamic envelope features not n/a

envelope present; roller blinds for shading;
manually openable windows for
natural ventilation

Electricity Renewable generation and E-2: Reporting information

storage not present

regarding local electricity
generation;

E-3: Storage of (locally
generated) electricity;

E-4: OptimizingOptimising self-
consumption of locally
generated electricity

Electrical vehicle
(EV) charging

EV charging not present

Whole domain excluded from
calculation

Monitoring and
control

Central monitoring and reporting
system; no grid integration; no
Demand-side Management (DSM)
control

n/a

12
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3. Results
3.1. Building level method comparison

The building-level results presentation uses two approaches. In the first, labelled ‘DEC method (using
method B triage)’, DECs are used to assign the SRI functionality levels to the smart services-and. The
triage process is based on building information as per the usual survey-based SRI method. The
comparison aims to test how the automatically assigned service functionalities compare with the
detailed assessment. The second approach, labelled ‘DEC method (automated triage)’, was fully
automated with the DEC recommendation links used to assign the SRl levels and to carry out the triage
process. The minimum and maximum SRI levels were calculated for both approaches.

For the selected building, this triage included 41 of the total 54 services of the SRI and was based on
the detailed building information described previously. For the second building level test for the ‘DEC
method (automated triage)’ 13 links were found;: 1 heating, 1 domestic hot water, 1 cooling, 3
ventilation, 0 lighting, 2 electricity, 0 dynamic envelope, 0 electric vehicle charging, and 5 monitoring
and control services. Each result was also compared to the traditional survey-based detailed manual
SRI calculation as per method B, labelled ‘SRI assessment (method B). All calculations are
summarised in Figure 3 and Figure-4-below-Figure 4Figure—4 below. In terms of the impact criteria
presented in Figure 3, the detailed SRI assessment scores were in the lower medium smart readiness
ranges (30-50%) in 5 out of the 7 areas. Health; and well-being scored 26%%,. and energy flexibility
showed the lowest score signifying that the technological systems of the building offer little in terms of
energy flexibility and storage. The detailed triage method and maximum functionalities fellowsfollow
these patterns more closely, whereas the SRI scores calculated using the minimum range of
functionality appear consistently lower compared to the SRI detailed assessment. On average, the
maximum score error for this comparison is +2.6% for the maximum calculation and -22.9% for the
minimum, with the range of differences for specific impacts going from -9% (comfort) up to +17%
(health). The fully automated calculations also showed similar patterns for the maximum functionality
calculation that better represents the building smart readiness impacts compared to the minimum
functionalities per service. On-average-For this comparison, the maximumaverage calculation error was
-11.4% and the minimum -27.4%. The average error combined for the two triage methods was +4.4%
for the maximum calculation and -25.1% for the minimum calculation.
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Figure 3: Smart-readiness scores per impact criteria and by calculation

method. SRI ratings also shown next to the vertical axis.
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Figure 4: Smart readiness score per domain and by calculation method. SRI ratings also shown next to the vertical axis.

Regarding the assessed technological domains, the-electric vehicle charging was omitted frem-the
caleulationfrom-the-initial-triage-process;-as no-charging-isit was not significantly present on the campus
based-ontheinformation-available.. The remaining domains scored between 15-36% except for lighting
that, which scored very highly at 79%%, considering the available detailed design information on lighting
efficiency and controls. From the comparison between the proposed DEC automated triage and the
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proposed DEC method B triage methods, there is less agreement in terms of technological domains as
opposed to impact areas. The example of lighting shows that whole domains can be left out from the
calculation if there is no mention of them in the DEC recommendations. Additionally, domain scores
can be overestimated when there are limited links to services i.e.., most services are excluded, but
those included score high, e.g. the domestic hot water.

For both impact scores and domains, the results show that the translation of the DEC recommendations
to a minimum SRI functionality is more likely to be onerous to the calculation and underestimate the
building’s smart readiness, while the maximum functionality is more likely to match the standard SRI
assessment.

3.2.  Campus results

As explained in Section 2:12.3, the proposed DEC-based SRI method can be integrated into an
automated workflow to calculate the SRI score for large numbers of buildings. This process iterates
through bulk DEC data, automatically processes the recommendations, and calculates the resulting
SRI scores for each building within a sample. For this case study, the scores for 98 university campus
buildings have been calculated and results are presented in Figures-5,-6,-7,-8,-9-Figure 5,Figure
6,Figure 7 and Figure 8. A summary of the results is organised per impact criteria, domain, and the total
scores per building and for the whole campus:

e Impact scores: Based on the DEC recommendations and for the minimum functionality per
service (Figure—5Figure 6), the buildings’ current smart-ready technological systems are
expected to have a higher impact on maintenance and fault prediction, energy efficiency and
information to occupants. The assessment showed lower impacts on occupant comfort and
convenience in dealing with the current systems, while energy and flexibility and storage and
health, well-being and accessibility do not appear to benefit from any of the smart-ready
services. For the maximum functionality (Figure-6Figure 5), energy efficiency, information to
occupants and maintenance have on average scored an SRI F rating, between 21-27%. In this
case, results demonstrated_a higher potential for health, well-being and accessibility impacts,
scoring 18% on average across all buildings. The rest of the impact criteria, i.e. convenience,
comfort and energy flexibility and storage scored the lowest in this order.

o Domain scores: In terms of technological domains, results are presented in Figure 7 andFigure
8. the domestic hot water scored the highest in both the minimum and maximum functionality
calculations. Average scores ranged between 17-36%. This is partly expected for the campus’s
buildings as functionalities like DHW charging is likely to be controlled based on schedules and
also likely to be monitored and reported, including retaining historical data. Similarly, lighting
scored the next highest as lighting controls are becoming more common around the campus
buildings. However, around half of the lighting scores remain below 15-20%, and this reflects
the fact that DEC recommendations mostly suggest further control measures can be applied.
Heating, DHW and lighting show the least variation between minimum and maximum
functionality scores, which may suggest that the DEC recommendations are more relevant to
these domains and more matches have been found.

o Total SRI scores per building: The total scores for all buildings are presented in Figure 9. On
average, building scores ranged between 4-15% and an average G rating. Less than 25% of
the buildings scored an F rating based on maximum functionality. AlImost 75% of the buildings
scored just 5% based on minimum functionality. Based on the findings of the building level
comparison, the proposed maximum functionalities are more likely to match a detailed
assessment;. Nevertheless, the overall ratings for the 98 buildings signify the large potential for
smart readiness integration for the campus.

e Campus SRI score: While the individual buildings scores ranged between ratings of F-G, the
total area-weighted average for the whole campus scored 15% (G) for the maximum
functionality and 5% (G) for the minimum. Overall, in terms of smart readiness, the campus
presents a large potential for smart integration to facilitate further flexibility, health and well-
being benefits and comfort in line with the SRI testing commissioned by the EC showing on
average scores of 19% and 34% for residential and non-residential buildings respectively.
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3.3.  Smart-ready intervention recommendations

The results demonstrate that various technological domains and impact areas offer a large potential for
improvement across the university campus. In response to that and to organise the potential for smart
integration measures, the SRI’s key functionalities have been used as the underlying framework. The
three functionalities are aggregated into: Building operation - increase energy efficiency and optimise
in-use building operation; User - adapt to occupant needs; Grid - adapt to external grid signals. Table
3, summarises the SRI services with the lowest scores colour-coded as per the frequency that they
came up in the DEC recommendation matches and lack thereof. These are perceived as potential
smart-ready interventions that could be integrated to achieve a higher SRI score.

Table 3: Recommendations for smart-ready measures to increase the smart readiness of the case study campus.

Legend Services notidentifiedin the assessment I
Services present but sparsely identified & low score
Information from DECs widely available & low/medium score

Building operation & | User Grid
energy efficiency

1. Control of heating

Heating 1. Retrofit for variable systems to allow for
speed pump control for occupancy detection
hydronic pumped and room controls
systems with capability that communicate
to respond to demand with the BACS.

signals

2. Employ model
predictive heating
control based on load
forecasting and grid
signals.

3. For multiple generators
allow for dynamic
priority control to
include demand
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forecasting, carbon
emissions and grid
signals.

Domestic . Automate DHW
hot water storage charging based
on local renewable
generation and grid
information on carbon
emissions, capacity
etc.
2. Performance reporting
to allow for forecasting,
predictive control and
benchmarking and fault
detection.
Control of cooling . Employ model
Cooling systems to allow for predictive cooling
occupancy detection control based on load
and room controls forecasting and grid
that communicate signals.
with the BACS.
Install total interlock
control so
simultaneous heating
. For multiple generators
allow for dynamic
priority control to
include demand
forecasting, carbon
4. Performance reporting emissions and grid
to allow for forecasting, signals.
predictive control and
benchmarking and
fault detection.
Introduce local
Ventilation [ 1. Retrofit ventilation for Demand Control

variable air volume
systems with Variable
Frequency Drive for
demand-based air flow

based on air quality
sensors (CO2,
VOC,..) with local
flow from/to the zone
regulated by
dampers
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3. Provide real-time

IAQ information to
occupants. Active
occupant
participation in
ventilation actions
and maintenance
based on signals
(e.g. window
opening)

Roll-out the upgrade

Electricity

EV
charging

Monitoring
and
control

with the HVAC system.
Combination of rooms
sensor data and
centralised coordination
for whole building
strategies like free
cooling

Lighting 1. Roll-out the upgrade of of lighting controls
lighting systems to with occupancy
incorporate daylight detection (manual on
dimming and scene- / dimmed or auto off)
based light control

. Automate shading

Dynamic 1. Combine automated device operation

envelope operation of windows based on predictive

control and HVAC
operation

Enhance on site
renewable
generation
monitoring to allow
for forecasting,
benchmarking and
real-time feedback to
occupants

Optimise self-
consumption of locally
generated electricity,
combined with thermal
energy storage and
electricity storage on
site and offer the
possibility to feed back
to the grid or microgrid
island function.

HVAC operation based
on predictive control
and grid signals

Include all relevant
Technical Building
Systems (TBS) in a
central fault detection | 2.
and diagnosing system

Single interface
energy use reporting
of all energy carriers
and combining the
TBS of all domains
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4. Discussion and conclusions

Within the context of an increasing need to understand the smart readiness of the building stock, this
paper presents a methodology for automatically estimating the SRI scores for buildings autematically
using existing bulk data from existing DEC assessments. We compare the proposed automated method
(using DEC data), with a survey-based detailed smart readiness assessment of a case study building.
This shows that existing DEC certificates more-suitablhy-can provide an-initiakinsight teinto the building’s
smart readiness-_more suitably at a high level. When planning smart and decarbonisation upgrades,
the method presenﬂ%prewdesﬂyva#uabl&msrg#mtecan determlne the campus’s opportunities and
shortcomings w yas it links the DEC and
EPC recommendatlons to smart readv services. OveraII the aim of thls work is to understand how the
SRI methodology can be implemented with minimal resources and provide an overview of focus areas
in that regard rather than a technical inspection of buildings.

Compared to others in the literature that focus on single-building applications and to the standard
building-level EPBD SRI methodology, the proposed method is fast, requires minimum
resourceresources and therefore allows the assessment of any number of buildings. ta-that-respect;
itThe method utilises well-established building assessment data (i.e. DECs) to derive a smart readiness
assessment for a portfolio of buildings. The benefits of the proposed method lie in streamlining the data
collection and calculation process. While a much deeper understanding of all the building-level technical
systems is required to carry out the SRI assessment, with this method, an initial overview of the smart
readiness of a campus stock is achieved with minimal pre-existing information. This-initial-assessment
can-therefore-be-used-by-Large portfolio managers_can therefore use this initial assessment to scope
areas and buildings to focus their smart transition and decarbonisation efforts. In summary, the
advantages of the proposed DEC method are described in Table 4.

Table 4: Method comparison for proposed DEC automated calculation and the SRI Detailed Method A.

Comparison Campus level Building level assessment: standard method
assessment: proposed

method

Data collection Bulk DEC download by Data collection, inekincluding  as-built  system
address specifications and operational manuals. Site visit by the
assessor mandatory if certification is sought.

Triage Based on recommendations  Based on building data assessment

Building <1z Automated Need to assign scores to each service
calculation

Campus <=5l | Area weighted SRI score for  No recommendation
calculation the campus stock

On the other hand, the limitations of the proposed method-en-the-other-hand stem from the fact that
DECs (and other similar schemes, like EPCs) are focused on building energy efficiency and therefore
lack links to some of the SRI's domains. Although the main DEC recommendation categories match te
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the SRI domains-{see-Table-1),-BEC, EC recommendations mostly focus on low-carbon and energy
measures with-reference—toconcerning control systems that provide insight teinto some of-the-SRI
services. An example of this is the heating system recommendations, which mostly focus on energy
efficiency and low-carbon alternatives;-they-de; however, they also touch on controls and reporting of
performance. Importantly, both schemes do not sufficiently address issues like occupant environmental
control, indoor environmental quality, and any potential energy rebound effects — occupants being able
to overcompensate on comfort when savings are made. Although occupant environmental control is
given-a-high-ratingrated highly as a smart-ready functionality, it is not-hewever linked to a measurable
comfort indicator or energy use.

To maximise the links between the two assessment and certification methods and improve the potential
to use DEC data in this way, the DEC recommendations could be expandedcentrally reformed to include
all the smart-ready domains. As other research suggests, a hybrid version of the schemes integrating
both into one could also be the answer to drive the integration of smartness to the building level in line
with the European Union’s goals and enhance the way energy efficiency is monitored.

Additionally, a limitation of this work derives from the fact that the recommendation and smart readiness
links have been made using the researcher’'sresearchers’ judgment. The SRI process inherently allows
for subjectivity due to the fact that smart-ready service functionalities are descriptive
[23,44,45][29,31,51]. The same is true for the AR recommendations. However, any potential integration
of the two methods could benefit from a more rigorous approach overseen by the regulatory authorities
responsible for them and further standardisation of the proposed method. As presented, however, the
proposed method allows for flexibility to amend links and the assigned functionality levels.

In terms of further work, around half of the campus buildings were excluded from the study as they did
not hold a DEC. The assessment can be further expanded to include EPCs and their associated
recommendations. DECs were initially selected as the most common and up-to-date assessments due
to the scheme’s application to large public nhon-domestic buildings. In contrast, EPCs represent the
designed building and are only updated when major changes are undertaken in the building affecting
its energy use or properties are sold or rented. Extending the method to EPCs;-hewever; would allow
any type of building to be assessed and is therefore considered beneficial. All-in—alOverall, it is
recognised that the aggregation of building SRI scores to a campus-wide score does not bring forward
potential interactions between the assessed buildings. However, this is also a limitation inherent in the
SRI calculation since on-site electricity generation and storage are investigated within the building
boundaries while harmonisation with the grid is considered.

Finally, the research aims to expand the scope of this analysis to the whele-Ul-higher education sector
in England and Wales. With a larger sample of buildings, the analysis is expected to surface potential
links between typology and building use and SRI scores and domains.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships
that could have influenced the work reported in this paper.

Acknowledgments
The research is funded by the UCL Engineering and Physical Sciences Research Council
(EPSRC) DTP CASE, EP/R513143/1, with the EPSRC sponsoring the research and Buro

Happold Limited as industrial sponsors.

22



553

554
555
556
557
558

559
560

561
562

563
564

565
566
567
568

569
570
571

572
573

574
575
576

577
578
579
580

581
582

583
584

585
586
587
588

589
590
591
592

593
594

References

[1]

(2]

3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

IPCC, SIXTH ASSESSMENT REPORT Working Group llI-impacts, Adaptation and Vulnerability
Concentrated risk and concentrated opportunity for action Fact sheet-Human Settlements
Climate Change Impacts and Risks Adaptation Options and Barriers, 2021.
https://www.ipcc.ch/report/ar6/wg2/downloads/outreach/IPCC AR6 WGII FactSheet Human
Settlements.pdf (accessed October 11, 2022).

United Nations, Net Zero Coalition | United Nations, (2022).
https://www.un.org/en/climatechange/net-zero-coalition (accessed October 11, 2022).

CCC, The Sixth Carbon Budget Buildings, 2020._www.theccc.org.uk (accessed October 11,
2022).

European Commission, European Green Deal, (2020). https://climate.ec.europa.eu/eu-
action/european-green-deal_en (accessed December 14, 2022).

European Commission, Proposal for a directive of the European Parliament and of the Council
on the energy performance of buildings (recast), 2021. htips://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A52021PC0802&qid=1641802763889 (accessed October 11,

2022).

European Commission, Smart grids and meters, (2022).
https://energy.ec.europa.eu/topics/markets-and-consumers/smart-grids-and-meters_en
(accessed December 14, 2022).

European Commission, Renovation wave, (2020). https://energy.ec.europa.eu/topics/energy-
efficiency/energy-efficient-buildings/renovation-wave_en (accessed December 10, 2022).

European Commission, Commission welcomes European Parliament adoption of key files of the
Clean Energy for All Europeans package, (2018).
https://ec.europa.eu/commission/presscorner/detail/en/IP_18 6383 (accessed July 15, 2020).

IPCC AR6 WG Ill, Climate Change 2022 Mitigation of Climate Change, 2022.
https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6 WGIIl Full Report.pdf
(accessed October 11, 2022).

SBTi, Pathways to Net Zero SBTi Technical Summary, 2021.

IEA, Net Zero by 2050 - A Roadmap for the Global Energy Sector, 2021. www.iea.org/t&c/
(accessed October 13, 2022).

National grid eso, Future Energy Scenarios, 2022.
https://www.nationalgrideso.com/document/263951/download (accessed October 11, 2022).

D. Hawkins, S.M. Hong, R. Raslan, D. Mumovic, S. Hanna, Determinants of energy use in UK
higher education buildings using statistical and artificial neural network methods, International
Journal of Sustainable Built Environment. 1 (2012) 50-63.
https://doi.org/10.1016/j.ijsbe.2012.05.002.

Department for Business Energy and Industrial Strategy, Leading by example : cutting energy
bills and carbon emission in the wider public and higher education sectors. A call for evidence,
2017._www.nationalarchives.gov.uk/doc/open-government-licence/ (accessed December 10,

2022).

V. Kourgiozou, A. Commin, M. Dowson, D. Rovas, D. Mumovic, Scalable pathways to net zero
carbon in the UK higher education sector: A systematic review of smart energy systems in

23



595
596

597
598
599

600
601

602
603
604

605
606
607

608
609

610
611
612

613
614
615
616

617
l618
619

620
621
622

623
624
625
626

627
628
629
630

631
632

633
634
635

636
637
638

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

university campuses, Renewable and Sustainable Energy Reviews. 147 (2021) 111234.
https://doi.org/10.1016/j.rser.2021.111234.

European Commission, Energy efficiency directive, (n.d.).
https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficiency-targets-directive-and-
rules/energy-efficiency-directive_en (accessed December 14, 2022).

European Commission, Directive (EU) 2018/844 - Energy Performance of Buildings (EPBD),
2018.

European Commission, Renewable energy directive, (2018).
https://energy.ec.europa.eu/topics/renewable-energy/renewable-energy-directive-targets-and-
rules/renewable-energy-directive_en (accessed December 14, 2022).

European Commission, Directorate-General for Energy, S. Verbeke, D. Aerts, G. Reynders,
Final report on the technical support to the development of a smart readiness indicator for
buildings - Publications Office of the EU, 2020. https://doi.org/10.2833/41100.

European Commission, Smart Readiness Indicator (SRI) Training session for LIFE and
HORIZON projects, 2023.

V. Varsami, E. Burman, An Evaluation of the Smart Readiness Indicator proposed for Buildings,
in: Proceedings of Building Simulation 2021 Conference, 1-3 September 2021, Bruges, Belgium,
Print, 2021.

I. Martinez, B. Zalba, R. Trillo-Lado, T. Blanco, D. Cambra, R. Casas, Internet of Things (IoT)
as Sustainable Development Goals (SDG) Enabling Technology towards Smart Readiness
Indicators  (SRI) for  University Buildings, Sustainability. 13 (2021) 7647.
https://doi.org/10.3390/su13147647.

I. Vigna, R. Pernetti, G. Pernigotto, A. Gasparella, Analysis of the building smart readiness
indicator calculation: A comparative case-study with two panels of experts, Energies- (Basel).
13 (2020) 2796. https://doi.org/10.3390/en13112796.

[24[24]1P.A. Fokaides, C. Panteli, A. Panayidou, How are the smart readiness indicators expected to

[25]

affect the energy performance of buildings: First evidence and perspectives, Sustainability
(Switzerland). 12 (2020) 1-12. https://doi.org/10.3390/su12229496.

C. Becchio, S.P. Corgnati, G. Crespi, M.C. Pinto, S. Viazzo, Exploitation of dynamic simulation

[26]

to_investigate the effectiveness of the Smart Readiness Indicator: application to the Energy
Center building of Turin, Sci Technol Built Environ. 27 (2021) 1127-1143.
https://doi.org/10.1080/23744731.2021.1947657.

V. Apostolopoulos, P. Giourka, G. Martinopoulos, K. Angelakoglou, K. Kourtzanidis, N.

[27]

Nikolopoulos, Smart readiness indicator evaluation and cost estimation of smart retrofitting
scenarios - A comparative case-study in European residential buildings, Sustain Cities Soc. 82
(2022) 103921. https://doi.org/10.1016/J.SCS.2022.103921.

E. Janhunen, L. Pulkka, A. Saynajoki, S. Junnila, Applicability of the smart readiness indicator

[28]

for cold climate countries, Buildings. 9 (2019). https://doi.org/10.3390/BUILDINGS9040102.

B. Ramezani, M.G. da Silva, N. Simdes, Application of smart readiness indicator for

[29]

Mediterranean buildings in retrofitting actions, Energy Build. 249 (2021) 111173.
https://doi.org/10.1016/J.ENBUILD.2021.111173.

|. Vigna, R. Pernetti, G. Pernigotto, A. Gasparella, Analysis of the Building Smart Readiness

Indicator Calculation: A Comparative Case-Study with Two Panels of Experts, Energies (Basel).
13 (2020) 2796. https://doi.org/10.3390/en13112796.

24



639
640
641

642
643
644

645
646
647

648
649

650
651

l652
653
654
655
656

l657
658
659

l660
661
662

l663
664
l665
666

l667
668
669
670

1671
672
673
674
675
676

677
678
679

680
681
682
683

[30] T. Marzinger, D. Osterreicher, Supporting the Smart Readiness Indicator—A Methodology to
Integrate A Quantitative Assessment of the Load Shifting Potential of Smart Buildings, Energies
(Basel). 12 (2019) 1955. https://doi.org/10.3390/en12101955.

[31] _ T. Méarzinger, D. Osterreicher, Extending the Application of the Smart Readiness Indicator—A
Methodology for the Quantitative Assessment of the Load Shifting Potential of Smart Districts,
Energies (Basel). 13 (2020) 3507. https://doi.org/10.3390/en13133507.

[32] L. Canale, M. De Monaco, B. Di Pietra, G. Puglisi, G. Ficco, |. Bertini, M. Dell’isola, Estimating
the smart readiness indicator in the italian residential building stock in different scenarios,
Energies (Basel). 14 (2021). https://doi.org/10.3390/EN14206442.

[33] DCLG, Improving the energy efficiency of our buildings A guide to display energy certificates
and advisory reports for public buildings, 2015. www.gov.uk/dclg (accessed October 13, 2022).

[2634] DLUHC, Energy Performance of Buildings Data England and Wales, (n.d.).
https://epc.opendatacommunities.org/ (accessed October 14, 2022).

[2635] S.M. Hong, D. Godoy-Shimizu, Y. Schwartz, I. Korolija, A. Mavrogianni, D. Mumovic,
Characterising the English school stock using a unified national on-site survey and energy
database, Building Services Engineering Research and Technology. 43 (2022) 89-112.
https://doi.org/10.1177/01436244211030667/ASSET/IMAGES/LARGE/10.1177_01436244211
030667-FIG2.JPEG.

[2736] D. Godoy-Shimizu, P. Armitage, K. Steemers, T. Chenvidyakarn, Using Display Energy
Certificates to quantify schools’ energy consumption, Building Research & Information. 39
(2011) 535-552. https://doi.org/10.1080/09613218.2011.628457.

[2837] S. Mohamed, R. Smith, L. Rodrigues, S. Omer, J. Calautit, The correlation of energy
performance and building age in UK schools, Journal of Building Engineering. 43 (2021) 103141.
https://doi.org/10.1016/j.jobe.2021.103141.

[2938] Y. Schwartz, D. Godoy-Shimizu, I. Korolija, J. Dong, S.M. Hong, A. Mavrogianni, D. Mumovic,
Developing a Data-driven school building stock energy and indoor environmental quality
modelling method, Energy and—Buildings-Build. 249 (2021) 111249.
https://doi.org/10.1016/J. ENBUILD.2021.111249.

[3039] European Commission, COMMUNICATION FROM THE COMMISSION TO THE
EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND
SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS Digitalising the energy
system - EU action plan, 2022. https://doi.org/10.2833/492070.

[3440] European Commission, Directive (EU) 2018/844 of the European Parliament and of the Council
of 30 May 2018 amending Directive 2010/31/EU on the energy performance of buildings and
Directive 2012/27/EU on energy efficiency, Official Journal. (2018). https://eur-
lex.europa.eu/legal-
content/EN/TXT/?uri=uriserv:OJ.L_.2018.156.01.0075.01.ENG&toc=0J:L:2018:156:TOC
(accessed May 23, 2020).

[3241] J. Reynolds, Y. Rezgui, J.-L. Hippolyte, Upscaling energy control from building to districts:
Current limitations and future perspectives, SustainableSustain Cities and-SecietySoc. 35
(2017) 816—829. https://doi.org/10.1016/j.scs.2017.05.012.

[33] V. Kourgiozou,-A.-Commin,-M.-Dowson,-D.-Rovas, D.-Mumovic, Scalable pathways-to-net zero
carbon-in-the-UK-higher education-sector:- A systematic review of smart energy systems-in
ebsorsit i enmsucec —sonovebloond Suslainable Soceens osdovee 7 (0000 00/

25



684
685
686

687
688
689

690
691
692
1693
694

695
696
697

698
699
700

|701
702

|703
704
705

|706
707
708

709
710

711
712
713

714
715
716
717

718
719
720

721

[B4—TF—MarzingerD—Osterreicher—Supporting-the-Smart-Readiness-Indicator—A-Methodology-to

[35[42]S.9. Jensen, A. Marszal-Pomianowska, R. Lollini, W. Pasut, A. Knotzer, P. Engelmann, A.
Stafford, G. Reynders, IEA EBC Annex 67 Energy Flexible Buildings, Energy and
Buildings-Build. 155 (2017) 25-34. https://doi.org/10.1016/j.enbuild.2017.08.044.

[3643] S. Koltsios, P. Fokaides, P. Georgali, A.C. Tsolakis, P. Chatzipanagiotidou, E. Klumbyté, A.
Jurelionis, L. Seduikyté, C. Kontopoulos, C. Malavazos, C. Panteli, M. Su$nik, G. Cebrat, D.
loannidis, D. Tzovaras, An enhanced framework for next-generation operational buildings
energy performance certificates, ‘rternational-Journal-efint J Energy ResearchRes. 46 (2022)
20079-20095. https://doi.org/10.1002/er.8517.

[3744] J. Verheyen, G.B. Perdraz, X-tendo feature 1: SRI 2 Project Acronym X-tendo Project Name
eXTENDing the energy performance assessment and certification schemes via a mOdular
approach Project Coordinator, (2022). www.X-tendo.eu (accessed December 21, 2022).

[2845] AN. Surmeli, A.H. Hermelink, The Smart Readiness Indicator: A potential, forward-looking
Energy Performance Certificate complement?, (2018).
https://doi.org/10.13140/RG.2.2.20226.94407.

[3946] S. Zuhaib, Advancing energy performance certificates to next generation Recommendations to
integrate new features into EPC schemes, (2022).

[4047] P. Steadman, S. Evans, R. Liddiard, D. Godoy-Shimizu, P. Ruyssevelt, D. Humphrey, Building
stock energy modelling in the UK: the 3DStock method and the London Building Stock Model,
Buildings and Cities. 1 (2020) 100—119. https://doi.org/10.5334/bc.52.

[4148] Department for Communities and Local Government, The Government’s methodology for the
production of Operational Ratings, Display Energy Certificates and Advisory Reports
Communities and Local Government, 2008.

[4249] CIBSE, Lodgement Portal, (n.d.). https://cibsecertification.co.uk/lodgement-portal (accessed
February 13, 2023).

[4350] European Commission, SRI implementation tools, (2022).
https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/smart-
readiness-indicator/sri-implementation-tools_en (accessed December 23, 2022).

[4451] J. Kurnitski, J. Hogeling, Smart Readiness Indicator (SRI) for buildings not so smart as expected,
The REHVA European HVAC Journal. 55 (2018) 6-9._  htips://www.rehva.eu/rehva-
journal/chapter/smart-readiness-indicator-sri-for-buildings-not-so-smart-as-expected (accessed

May 15, 2020).

[451— T Marzinger-D-Osterreicher-Extending-the-Application-of the-Smart- Readiness-Indicator—A

26



723

724

APPENDIX A

Table A 1: Full table of DEC recommendation — SRI smart service links

DEC Recommendation SRI Links
Code Text Number Dc_>ma|n(s)
min/max levels
AE3 Consider installing building mounted solar water | O (excludes smart
heating. service  DHW-
1d)
AE10 Consider a small-scale Tri-Generation system as an | 1 E-5 (min: 0, max:
alternative to conventional separate boiler and chiller 0)
systems.
BF5 Consider applying reflective coating to windows and/or | 1 DE-1 (min: O,
fit shading devices to reduce unwanted solar gain. max: 0)
BF16 Consider installing automatic closers to loading bay | 1 DE-2 (min: O,
goods doors or shutters. max: 0)
CON2 Engage experts to review the HVAC control systems | 5 H-1a (min: O,
settings and propose alterations and/or upgrades and max: 3), C-1a
adjust to suit current occupancy patterns. (min: 0, max: 3),
V-1a (min: 0,
max: 1), V-1c
(min: 0, max: 1),
MC-9 (min: O,
max: 1)
CON10 Seek to minimise simultaneous operation of heating | 2 C-1f (min: 0,
and cooling systems. max: 1), MC-3
(min: 0, max: 1)
CON15 Consider installing weather compensator controls on | 3 H-1c (min: O,
heating and cooling systems. max: 0), C-1c
(min: 0, max: 0),
MC-30 (min: O,
max: 2)
CON16 If natural ventilation does not provide adequate cooling | 0 -(excludes V-3)
during the day, consider introducing external air at
night to cool the internal space.
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CON17

Consider installing timer controls to energy consuming
plant and equipment and adjust to suit current building
occupancy.

H-1a (min: O,
max: 2), C-1a
(min: 1, max: 2),
V-1a (min: O,
max: 1), V-1c
(min: 0, max: 1)

CON18 Consider upgrading major time controls to include C-1a (min: 0,
optimum start/stop. max: 3), V-1a
(min: 0, max: 1)
CON20 Consider introducing variable speed drives (VSD) for H-1d (min: O,
fans, pumps and compressors. max: 2), H-2b
(min: 0, max: 1),
C-1d (min: O,
max: 2)
CON23 Consider fitting zone controls to reduce over and under H-1a (min: O,
heating where structure, orientation, occupation or max: 1), MC-3
emitters have different characteristics. (min: 0, max: 1),
MC-9 (min: O,
max: 1), MC-30
(min: 0, max: 1)
HS18 Consider installing interlocks between heating systems MC-30 (min: O,
and loading bay or vehicle access doors. max: 1)
HW19 Engage experts to propose specific measures to DHW-1a (min: 0,
reduce hot water wastage and plan to carry this out. max: 1), DHW-
1b (min: 0, max:
1), DHW-2b
(min: 0, max: 1),
DHW-3 (min: O,
max: 1)
OM15 It is recommended that energy management H-3 (min: 1, max:
techniques are introduced. These could include efforts 2), DHW-3 (min:
to gain building users commitment to save energy, 1, max: 2), V-6
allocating responsibility for energy to a specific person (min: 0, max: 2)
(champion), setting targets and monitoring.
SP3 Consider installing automated controls and monitoring E-12 (min: O,
systems to electrical equipment and portable max: 2), MC-13
appliances to minimise electricity waste. (min: 0, max: 1)
SP24 Enable power save settings and power down E-4 (min: 0, max:

management on computers and associated
equipment.

1), MC-29 (min:
0, max: 0)
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725

726
727
728
729
730
731

VA1

V8

V10

Engage experts to propose and set up a ventilation
servicing and maintenance regime and implement it.

Consider whether the humidity control system is
essential and/or consider re-setting to more efficient
parameters where close control is not critical.

Consider with experts whether it would be worthwhile
installing variable speed fans and volume control
devices to the ventilation system.

MC-4 (min: O,
max: 0)

V-3 (min: 0, max:
0)

V-1c (min: O,
max: 1), V-2d
(min: 0, max: 1)

X1

X4

X8

X13

X25

The current metering provisions do not enable
production of a specific and reasonably accurate
Operational Rating for this building. Itis recommended
that meters be installed and a regime of recording data
be putin place. CIBSE TM 39 gives guidance on this.

Review staffing arrangements and set up formal
systems for delegating authority for Building Energy
Management System alterations and/or temporary
overrides.

Ensure building occupants understand when the
various ventilation and cooling modes of the mixed
mode ventilation system are in operation to avoid
windows being opened when mechanical cooling is on.

Engage experts to review the building lighting
strategies and propose alterations and/or upgrades to
daylighting provisions, luminaires and their control
systems and an implementation plan.

Consider introducing a system of regular checks of
Heating, Ventilation and Air Conditioning (HVAC) time
and temperature settings and provisions to prevent
unauthorised adjustment.

H-3 (min: 0, max:
1), DHW-3 (min:
0, max: 1), C-3
(min: 0, max: 1),
MC-13 (min: O,
max: 1)

MC-29 (min: O,
max: 0)

V-3 (min: 1, max:
2), V-6 (min: 0,
max: 1), DE-2
(min: 0, max: 0)

L-1a (min: O,
max: 1), L-2
(min: 1, max: 2)

MC-29 (min: O,
max: 0), MC-30
(min: 1, max: 1)
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