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Executive summary

Executive summary

Residential buildings consume a considerable amount of energy to cater for the needs in
lighting, space heating and cooling and other households’ electrical appliances. Inefficient use
of this energy could imply unnecessary consumption which would translate to high energy
expenses incurred by the building owners. Hence, this study builds up on prior work done by
a group of engineering students from the University of Flensburg, Germany in 2020 and 2021
on sustainable energy in Loop Head, Ireland. This paper documents events, methodologies,
findings and recommendations from the 5-weeks community energy project focussed on the

Loop Head residential sector that was undertaken by the 2022 batch of students.

A community engagement approach and activities designed to enable researchers to gain a
better understanding of the residential demographics and household energy usage have been
documented. Further, a set of criteria for the selection of 3 representative households for the
case studies have been highlighted. For these houses, energy assessments have been
conducted to advise on ways of eliminating electrical and heat losses from the buildings. DEAP
4.2.0 and Excel models have been used to collect buildings’ envelope data information and for
the calculation of the building energy efficiency rating while the Sketchup software has been
utilized for the building dimensions calculations. For case |, the building was estimated to have
a heat loss indicator (HLI) of 4.89 W/K/m? corresponding to a BER Rating of “D2” in the
Sustainable Energy Authority of Ireland BER scale. Case II's HLI of 1.94 W/k/m? corresponded
to a BER Rating of “C1” while Case Il was estimated to have an HLI of 8 W/k/m? which
corresponds to BER Rating of “G”. Recommendations on improving the BER Rating, and

hence the buildings’ energy efficiency, have been outlined for each of these 3 cases.

Further, the electrical and heat demand for these houses have been analysed to size an
efficient space heating system as well as a solar PV system. For space heating, different types
of heat pumps are discussed including Brine-to-Water, Air-to-Air and Air-to-Water. Of these,
Air-to-Water (AWHP) was suggested for its higher efficiency. In Case |, for instance, an AWHP
was estimated to achieve annual savings of up to 273 €/year with a simple payback period of
approx. 10 years. For solar systems, an electrical load profile was generated by considering
the units consumed as per the energy bills and consumer behaviour. Solar systems have been
designed and optimized in HOMER Pro for the three cases. Similarly, the systems’ economics
have been analysed and recommendations have been provided to the homeowners.
Moreover, grants supporting sustainable technologies have been highlighted within this report

along with their eligibility criteria.
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Additionally, one of the cases with the Solar PV system has been analysed for its
environmental and socio-economic impact on the Loop Head community. The analysis has
focussed on the carbon footprint for a PV system with a battery and another one without a
battery starting from the manufacturing and throughout the 25-years utilization of the PV
system. The analysis concluded that the most carbon and energy-intensive stage of the life of
a PV system is the manufacturing phase. Further, the effect of introducing a PV system on
CO- reduction was investigated with results showing that a Solar PV system has the potential
to directly reduce emissions by replacing electricity from the grid. On the socio-economic
assessment, this research revealed that solar PV installations could serve as an income
stream for Ireland with the economy gaining about 30 cents for every 1 euro spent on the
system. Moreover, the potential jobs created by solar PV installations is discussed in this

paper.

Finally, this study documents a roadmap including steps that the Loop Head residents and
community should consider in their journey towards achieving sustainable energy in their

residential sector.
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1. Introduction

By Ifechukwude Chinye-lkejiunor

The international class (IC) is a compulsory module of the Master programme in Energy and
Environmental Management (EEM) at the Europa Universitat Flensburg (EUF), Germany. The
IC gives students the opportunity to work in a team on a multidisciplinary, practical, energy-
related problem in a real-life situation within a given time frame to exercise the application of
appropriate scientific research methods. In practice, during the IC module, students and
lecturers adopt a problem-solving approach to investigate and address an energy-related
challenge in a community. An integral component is the collaboration with the community
members and local partners in realizing feasible solutions to the identified challenges in the
community.

The IC has undertaken several community-based projects including the Loop Head Energy
Action Partnership (LEAP) in Ireland since 2020. This is a collaboration between EEM
department at EUF, the development organizations of Carrigaholt, Kilballyowen and Kilkee,
Loop Head Tourism, the Farming Community of Loophead (Carrigaholt, Kilballyowen and
Kilkee parishes), local residents, business owners, interested individuals and Astoneco
Management. The LEAP partnership aims to understand the constituents of the local energy
status quo in order to explore possible case studies of prospective energy balances and to
help encourage the use of sustainable energy resources in the Loop Head community. The

LEAP programme has been in operation since 2020.

1.1. Background

IC 2020 intended to empower the community with adept information on the renewable energy

potential with a strategy to involve and facilitate local sustainability.

The study revealed that emigration and lack of job opportunities were among the key
challenges of the community, hence, the focus was on Loop Head’s demand assessment,
community-level renewable energy resources assessment and their feasibility in the transport,

farms and residential sectors.

According to (Astoneco Management, 2020), the findings showed that the geographical
location of Loop Head gives it a good potential for wind, solar, biomass and wave energy.
Farming, especially cattle rearing, was indicated to be mostly practised by the community as
most of the land in Loop Head is grassland; grasses are used to feed cattle in the form of

silage. The farming activities from the livestock rearing results in a good potential for the
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biomass resource. It was estimated that the total biogas that could be produced by slurry and
silage in Loop Head would have an energy content of 7,614 MWh/year, which was estimated

could heat over 450 homes.

The potential of wind energy at mean wind speeds of 9.2m/s and a height of 100m above

ground level was estimated at 13.82 GWh of annual generation.

The solar daily specific yield was found to be in the range of 2.62 kWh/kWp and 2.65 kWh/kWp,
which is higher than Ireland’s average value of 2.51 kWh/kWp. Loop Head Peninsula has
roughly a total electricity demand of 18.4 GWh, and a potentially available area from rooftops
in residential and agriculture sectors equivalent to 0.247 km2. This translates to an estimated

installation of 23.52 MWp of solar photovoltaic capacity.

The combined estimated energy from biomass, wind and solar would meet the demand of
Loop Head. Findings also showed that a major part of heat and electricity consumption resulted

from buildings meant for residence and holiday homes.

Finally, pre-feasibility studies for community-owned wind, solar, and biogas plants were
conducted and a simple energy model was designed to study potentials and develop a vision
for an energy self-sufficient Loop Head. By modification of different parameters in the model,
the share of renewable energies can be varied to attain 100 % and even more of total

generation if the total demand experiences an increase on an annual basis.

Seeing the outcome from the synergy with the engagement of the community, the 1C2021
sustained the connection with the locals. Although it was carried out online as a result of the
global pandemic, community capacity building workshops were conducted through the LEAP

Energy Academy to explain relevant topics in community energy for Loop Head.

A step into investigating energy efficiency measures in buildings and their effect on energy
consumption in the residential and farming sectors was carried out. As a result, the building
energy rating (BER) estimator tool was developed to provide recommendations on improving
energy efficiency for households based on their pre-existing conditions. The study also
identified several factors which influence the heat demand in the residential sector and the

retrofitting measures to reduce heat demand and heat losses in buildings.

Additionally, to promote and assist in the establishment process for the findings, an excel
energy modelling tool was developed for Loop Head. The model was designed to aid the users
to identify solutions for obtaining energy efficiency in residential buildings and attain

sustainability in Loop Head Farms.
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1.2. Scope and objectives

Building on the previous work done by IC 2020 and 1C2021, IC 2022 started by reviewing the
previous findings and brainstorming on a possible way-forward to delivering solutions to the
observed challenges. A focus on improving energy efficiency in the residential sector was
established following the findings where it was observed that the bulk of the energy demand

came from the residential sector in the community.

To refine the scope of IC 2022, a questionnaire was shared and a feedback session with the
community was organised to gather questions and interests that were later accommodated in
the scope of work in order to meet the expectations of the community. Some of the questions

asked were:

¢ How much will a solar installation cost me?

¢ What capacity of Solar PV should | go for?

e How can | use less energy in my house?

e Whatis my BER rating now?

¢ Whom should I contact for retrofitting of my house?

e Are there any grants | am eligible for to improve my house BER rating?

e Are there any environmental effects caused by solar panels?

1.2.1. Scope of work

The study for the 1C2022 centres around developing solutions in the residential sector for the
Loop Head community. The scope of work, showing the core interests, can be seen in Figure
1.1 below:

SCOPE OF
WORK

ENVIRONMENTAL AND
SOCIO-ECONOMIC
IMPACTS

Figure 1.1: Scope of the IC 2022 work
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Source: Author

The IC 2022 adopted a holistic approach focusing on four dimensions to specifically provide

solutions to the Loop Head community residential sector:

1.

Energy assessment for residential buildings: ascertaining and upgrading the houses to
be energy efficient.

Feasibility study on solar technology and space heating for residential buildings: finding
integrated energy-efficient technological solutions.

Stakeholder engagement: building and sustaining community participation in the
IC2022.

Environmental and socio-economic impact assessments: measuring the environmental
and socioeconomic impacts of installing a PV system on Loop Head using the methods
of Lifecycle Assessment (LCA) and input-output analysis.

1.2.2. Objectives

Therefore, the 1C2022 streamlined its focus to finding solutions that could:

Strengthen community engagement and build on existing structures from the

previous work done.

Provide energy efficiency recommendations including retrofitting and energy

conservation measures to improve energy usage.

Select representative households as case studies to carry out energy assessments
covering their energy use and saving potential and the design and modelling of real-

life, feasible solutions.

Create awareness on available SEAI grants and incentives and the eligibility

criteria.

Assess environmental and socio-economic impacts and benefits such as carbon
footprint, value added and employment in order to ascertain the actual impact from

clean energy solutions on the community.

Design space heating solutions such as heat pumps and assess the cost
implications and potential resultant benefits to address the households’ heating

challenges.
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e Design Solar Photo-voltaic (PV) systems and integration solutions to maximise the
use of renewable energy at the household level and assess the cost and also benefits

from this clean energy for the households in the Loop Head community.

Chapter 2.3 of the IC 2022 report gives detailed information on how the action in Ireland began
with an interaction at informal levels and then unto workshops with the community such as the
solar deep-dive event. Furthermore, as seen in Chapter 3.2 of this report, pre-assessment
surveys where students visited houses of house owners interested in energy efficiency and/or
solar PV followed. A scope for each selected household was defined and an energy
assessment was carried out to gather the required data for the design of solutions to meet the

energy demand of the household through sustainable energy.

Also, an analysis of the cost and benefits and environmental and socio-economic impacts was
carried out as seen in Chapters 8.1 and 8.2. Finally, IC 2022 presented the results with

recommendations, which can be found in Chapter 10 of this report, to the community.

2. Community engagement

By Max Andriamanalina

Community engagement is a crucial part of LEAP, a program in which EUF is partnering with
local development organisations in Loop Head as well as AstonEco Management. Community
engagement is used to have a better understanding of the Loop Head community’s viewpoint
and preferences on the energy sector. Several engagement activities were carried out by the
team to interact with the community as well as to integrate the community into the project.
These activities were, therefore, an opportunity for the team to familiarize themselves with the
community and to investigate the challenges they are currently facing in the energy sector.
Knowing those challenges helped the IC 2022 team to identify suitable approaches to tackle

these challenges.

As mentioned above, several activities were organized by the students in collaboration with
the local partner, Astoneco, for the purpose of bringing the team and the community together.
These activities include, informal social interaction with local stakeholders and the community
members at,e.g., the local pubs, cultural nights, a solar lab demonstration, and two workshops
that took place at Kilkee Bay Hotel. The team also conducted a visit to the Carrigaholt National
primary school in an effort to increase clean energy awareness among pupils. Additionally, the

IC 2022 team participated in community-initiated Sunday walks. Participating in these walks
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afforded the team a platform to receive feedback from the community members about

previously conducted activities.

2.1. Stakeholders’ identification

By Hiram Masese

Constructive community engagement (CE) has been indicated as a prerequisite for the
success of projects (Clean Energy Council, 2022). The council further argues that investing
time and effort in building relationships is most likely to be reciprocated by embracement and
support from the community members. Consequently, CE ought to be a continuous process

starting from the planning phase and lasting throughout the life cycle of a project (USAID, n.d.).

Similar to other communities, Loop Head (LH) has its unique challenges and priorities as
outlined in the (Loop Head Together, n.d.) 9-point strategy which the project team required to
be appraised on, to enable a formulation of an appropriate interaction approach. For instance,
IC 2022 learnt in a timely fashion of the lifting of the stringent COVID-19 protocols which had
previously been enforced in Ireland. Consequently, this implied that the team could plan for
face-to-face interactions with community members while adhering to medical safety
precautions on the pandemic. Fortunately, this project’s team adopted an early initiation of CE
strategy through maintaining contact and holding preliminary planning sessions with the liaison
person, John Aston. This ensured that such vital information was relayed well in advance.
From spearheading operations of an organization that facilitates and co-develops sustainable
community programmes (Astoneco Management, n.d.) — including in LH, he has played an
integral social focal point role connecting the Flensburg University’s IC to LH community for
the past 3 years. IC 2022 used this goodwill, in addition to the previous 2 years’ work, to gain
insights on the demographics and the existing knowledge of the community in the energy

sector as well as to identify and commence the creation of key stakeholders’ database.

The IC 2022 team acknowledged the diversity in perspectives that may exist in a community
and sought to establish a list of community members who would either be affected by or have
an interest in the project. This was a live document which was updated throughout the course
of the project whenever new information and contacts arose. The identified list is as tabulated
in Annex 1. Further, (Kumar, 2015) work approach was used to classify these individuals and
institutions into 4 groups based on the level of interest and the influence they were likely to

have on the project as highlighted in the action plan below:

i.  Manage — Key stakeholders, with both high influence and interest, who were

actively engaged throughout the project lifecycle.
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ii. Satisfy — These had great influence, despite low interest, on the project.

Activities undertaken were reviewed regularly against their expectations.

iii.  Inform — Although their direct influence on the project was on a limited scale,

they had the opportunity to influence other project participants.

iv.  Monitor — They were watched closely, despite ranking low on the priority list

by virtue of having both low interest and low influence on the project.

The detailed classification of stakeholders is highlighted in Annex 2. This information was then
applied to help align on expectations and to curate suitable engagement schedules and
methods. For instance, contacts of the Kilkee Bay Hotel owner enabled scheduling of the
workshop sessions which are discussed later in this chapter as well as the reservation of the
conference hall. Moreover, a partnership with a local company that provided solar PV panels
and an inverter for demonstration purposes informed the decision on the complimentary
electronic measuring instruments carried by the IC team from the University Department.
Whereas knowledge on the expected audience demographics enabled the choice of flip charts,

powerpoint presentations and practical solar lab sessions as engagement approaches

2.2. Communication approach

By Hiram Masese

A communication schedule is a crucial part of CE for it outlines the plan of activities, techniques
and the media through which information is relayed to the community (USAID, n.d.). The same
source indicates that clear communication enhances transparency, builds trust and mitigates
parties’ conflicts. IC 2022 documented and shared a road map, see Annex 3, comprising of
the dates and venues for the activities planned towards enriching the stakeholders’
engagement efforts. This was yet another live document which was updated based on the

dynamic needs of the project.

Prior to that, an energy survey questionnaire, Annex 4, was prepared while still in Germany to
establish communication with some 44 community members within an existing WhatsApp
group. The design of the survey was characterised by iterations to incorporate various
contributions from both internal and the community mobilization teams. Ultimately, the survey
received a low participation rate and recorded only 9 responses. Nonetheless, the
guestionnaire was used as a tool for identifying and contacting house owners who were
interested to have their house energy consumption assessed. Invitations to conduct case

studies for the 3 sampled households whose findings have been discussed in later chapters
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of this report were a result of the survey shared. Additionally, the team documented key

learning lessons from the preparation exercise as tabulated in Table 2.1below.

Table 2.1: Questionnaire preparation key take-aways

Source: Author based on project planning exercise

Key Take-away

Description

Complexity of the

sentences

A fairly designed questionnaire uses simple language structure
to reach a wider audience. Where technical terms must be used,

defining them is vital for the audience’s understanding.

Clear motive of

guestions

Adequate transparency on formulation of all questions enable

respondents to understand the importance and, to an extent,

how the information they provide will be used. This affords them

comfort when providing the answers.

Length of the survey There is a risk of respondents losing focus with very long
guestionnaires. (Versta Research, 2011) estimates that data
quality reduces significantly for surveys requiring longer than 20

minutes.

Flow of questions Keeping questions related to a similar topic in the same section
in a way that ensures respondents have adequate foundation
knowledge of dependent guestions makes the questionnaires

clearer.

General Data Protection | Unless absolutely necessary and on respondents’ voluntary

Regulation acceptance, questions which prompt for personally identifiable

information ought to be avoided to maintain anonymity.

Preparation Timing Iterations of the draft are inevitable as different views have to be

incorporated. Preparation should, therefore, commence early.

Questionnaire Significant responses were as a result of face-to-face reminders

participation reminders upon arriving on the loop. Responses are likely to be more

forthcoming through increased in-person interactions.

In a bid to achieve familiarity with community members prior to joining them in Loop Head, the
Flensburg team documented and shared bio-profiles detailing their country of origin, work
experience and expectations on what they hoped to achieve during their IC. Further, the 1%
week of the project was heavily invested in interactions with the locals within social gatherings.
Collaboration between the visiting students and the locals enabled successful conduction of a
music concert (see Annex 5). While all the attendees enjoyed the diverse songs and dance
sessions, the project progress gained valuable contact persons - through the interaction - who

became instrumental in the execution phase the following weeks.
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Communication for such and other events was achieved through various channels including:

Social media on LEAP WhatsApp group comprising of 44 local members, IC
2022 constituting Flensburg team and 4 community mobilizing champions and
Loop Head Community Facebook page. The project utilized the social media

management representative to upload information on the Facebook page.

Radio news item where the LEAP partner, Astoneco, assisted in the
dissemination of the upcoming events in the discussed roadmap to the

community via a local radio station.

Face-to-face interactions and relaying of information throughphone calls and
text messages for the already established contacts. These groups also advised
on strategic places to display important communication such as the invitation to

workshops.

Organized workshops: Planned sessions were also used for communicating

further upcoming events in a face-to-face fashion.

Posters: The project team quickly realized that this seemed to be a commonly
used communication medium. Posters for upcoming events were designed
through consultative meetings before draft designs being rolled out. Plenty of
iterations were realized during the incorporation of suggested improvements.
The general workflow of the design is as shown in Figure 2.1 below. Ultimately,
the final approved posters were circulated for display around Carrigaholt, Kilkee

and Kilrush at frequently visited business premises.
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Figure 2.1: Poster communication flow
Source: Author

2.3. Conducted workshops

By Hiram Masese

Workshops were mainly organised to share the scope of 1C2022, incorporate input from the
community and later sessions were used to share findings of the study and to receive feedback

from the community.
Workshop 1 - Saturday, February 5" 2022

Dubbed ‘Solar Deep Dive’, this session was held in Kilkee Bay Hotel and was attended by 56
people; including 7 children. The 3-hour session as indicated in Annex 6 was a joint facilitation

by Flensburg and Astoneco Management. It served the purpose of linking work done by the
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predecessor IC classes of 2020 and 2021 to the scope proposed by the class of 2022.
Additionally, an introduction on working of a solar system was covered followed by a local
community member sharing challenges and benefits of his 4.8 kWp Solar PV system. This
provided diversity in the engagement approach where the audience were listening from a

practical case in their neighbourhood.

The participants were then introduced to physical solar panel components where they had a
chance to have hands-on interaction and to pose further questions. Finally, the Flensburg team
organized 3 information booths where they provided details to the workshop participants on
building retrofit steps, solar and space heating sizings and their economics as well as life cycle

assessment and socio-economic assessment of solar PV systems.

The most important outcome of the session were the questions raised by the community
members on the scope of what they were interested to know, see Annex 7. Questions which
could not be answered immediately were processed and were incorporated within the scope
of work. 1C2022 noted from the session that nearly all questions raised would be addressed

by the initial scope of the project.
Workshop 2 - Saturday, February 19" 2022

A series of events were conducted on this day. First was a 3-hour session attended by 31
individuals at Kilkee Bay Hotel to present the first findings on one sampled case study from the
three under review. Since the evaluation of the previously used booths yielded positive

feedback, on this day, 5 stations (see

Annex 8 were organized to offer detailed information, including those raised a fortnight earlier

on:

i. SEAIl grants
i.  Building Retrofits
iii.  Heat Pump technologies
iv.  Energy consumption and economics of solar PV systems
v.  Carbon footprint and emission reduction

Solar lab demonstration

Although the initial plan for this event was to be an actual installation of four 320 Wp solar
panels donated by the local F4 Energy Limited Company to Keane’s Beer Garden, poor
weather conditions prompted a change and the team opted to conduct a solar lab

demonstration instead. The 20 participants in attendance were taken through the technical
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functionalities of the solar system components and their questions addressed, and the system

components were connected to produce electricity to the grid.
Carrigaholt National School Visit

Later that afternoon, the team facilitated a clean energy awareness session at a local primary
school for 12 children aged between 6 and 12 years. The 2-hour session entailed a basic
explanation of solar, biomass and wind energy technologies. The children were taught how to
make a home-made solar oven using aluminium foil and cardboard paper, a small biogas
plants in 500 ml bottles using soil, organic waste, sugar and warm water by placing the mixture
in an environment of about 40 °C and on how to collect the generated gas in a balloon covering

the opening of the bottle. Further, they got to make simple propellers from hard paper.

2.3.1. Monitoring and evaluation

Monitoring and Evaluation (M&E) was intended to track, understand and improve the
effectiveness of the CE activities carried out during the project. The (USAID, n.d.) indicates
that it is significant to have feedback continuously at every significant milestone of a project.
IC 2022 collected responses during workshop sessions, through social media platforms and
through participating in community-organized events such as the Sunday walks where
feedback was solicited. Depending on the feedback obtained, action was taken to achieve the

most appropriate level of CE as outlined in Table 2.2 below.

Table 2.2: Indicative level of community engagement
Source: Author based on (IAP2 Federation, 2014)

CE Level Description and application

Inform Providing clear information to stakeholders; walk participants who had limited

knowledge of Flensburg University presence and objectives were appraised.

Consult Receiving feedback from members, sometimes suggestions for alternatives;

information on where to display event posters.

Involve Executing tasks to address the concerns of the stakeholders; households
energy assessment walkthroughs were conducted in presence of the owners.

Members participated in solar panels installations at Keane’s Beer garden.

Collaborate | Working in synergy with the members to deliver on a task; the IC team visited
a local resident with an installed solar PV system and partnered in the

preparation of workshop material.

Empower Members get a significant understanding and can make decisions on their
own; workshop reports and household energy assessments were shared with

the community members for their consideration on the solutions they would

opt for.
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Some of the indicators monitored included:

i.  Number of attendees for organized sessions — Low turnout was taken as an
indicator that mobilization needed to be intensified. Conversations such as
rolling communication early and distributing posters to a wider target were held

to improve attendance.

ii. Budget — Expenses were monitored against their allocated fraction of the
budget. Alternatives such as printing smaller, cheaper sizes of posters and

hosting only necessary sessions were implemented.

iii.  Slight delay in starting the first workshop session — Measures such as early set-

up for the subsequent sessions were taken to mitigate this challenge.

iv.  Feedback in questions format during and at the end of the sessions — Questions
raised in the first workshop, for instance, were used to align on the scope and

manage expectations.

2.4, Challenges and recommendation

In general, the process of involving the stakeholders in the LEAP program went smoothly. The
engagement activities were overall successful. The community was greatly involved, and the
turnout in the events was largely satisfying with between 35 and 50 attendees in the two main
sessions held in Kilkee. However, there were some challenges that made the community
engagement difficult. The first challenge the team encountered was the availability of the
community. The community members are mostly available during the weekend. This has
significantly changed the plan prepared in advance by the team but also has changed the
approaches adopted. Some planned activities were, as a result, cancelled or had to be
reorganized. Another challenge the team was facing is the communication process. A lengthy
internal approval process for communication caused delays in the activity preparation. In
addition, the team relies mainly on a single contact person for communication which also
causes delays if the person is not available. Additionally, the broad range of interests in the
community became a challenge for the team since the team’s scope and available resources
are limited. Moreover, the team could not cover all the topics that might be in the interest of

the community due to time constraints.

Based on the challenges mentioned above, the team came up with some recommendations.

First, knowing the availability of the community in advance would help the team to properly
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plan ahead of the activities. It is therefore recommended for the next batch of the IC to acquire
information on the availability of the community and the different stakeholders prior to travelling
to Loop Head. Delays could be avoided by having more than one member of the community
as a contact person. Regarding the COVID pandemic, the measures had already been lifted
by the time the team arrived in Loop Head. However, for precaution, the team was tested for

COVID on a weekly basis.

3. Case study approach to energy efficiency and technologies

3.1. Common definitions used throughout the energy assessments and case studies
Building Energy Rating

Ireland measures the energy performance of the building based on the annual primary energy
usage of the building represented in units of kwh/m?/yearl. The BER rating scale is divided
into categories from G to A where G represents the poorly performing building with the largest
primary energy use and A represents the efficient building performance with the lowest primary
energy use. The full range of categories is illustrated in Figure 3.1. To improve the BER rating
of a house, SEAI recommends building fabric upgrades as the first step. Furthermore,
switching from an oil boiler to a heat pump can have a significantimpact on the BER. However,
it should only be done when the house is very well insulated. An on-site renewable source of
energy helps decrease the imported primary energy demand of the house further increasing

the BER rating of the house.

! Indicated in BER rating scale.
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Figure 3.1: Building Energy Rating scales
Source:(Energlaze, 2022)

Heat Loss Indicator

Heat Loss Indicator (HLI) is an indicator to assess if the fabric and ventilation loss of the
dwelling is sufficiently low for a domestic heat pump system to work in lower space heating
temperature and meet all or most of the water heating demand. HLI is measured by summing
up the total fabric (walls, floors, roofs, doors and windows) and ventilation loss of the dwelling

divided by the total floor area. It is basically a total heat loss per m? of the dwelling.
Thermal Camera

A thermal camera is a measuring device that allows to see the thermal (infrared) radiation of
surrounding objects and measure the temperature at any point on the surface with an accuracy
of 0.1 ° C and higher. The device allowed to identify the construction defects such as missing
or defective insulation, moisture spots, structural shortcomings, sources of heat losses. Sharp
thermal images were created based on temperature differences. The hottest places are
coloured in red, yellow and orange and the coldest in blue and black. Detail of the thermal

camera assessment is available Annex 12.
U-Value

Thermal transmittance (U-value) defines the ability of an element of structure to transmit heat
under steady-state conditions. It measures the quantity of heat that will flow through a unit area

in unit time per unit difference in temperature of the individual environments where the structure
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intervenes expressed in W/m? K The lower the U -Values, the better is the insulation of the

material.

3.2. Energy assessment of residential buildings

A series of site visits were carried out between the 2" and 8" of February, 2022. The energy

assessment was carried out based on the following methodology:
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Figure 3.2: Energy assessment methodology
Source: Author
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Phase 1: Preliminary assessment

For the energy assessment of the residential building, it was essential to sample case study
households in Loop Head. For this reason, the methodology began with defining the selection
criteria. These needed to be transparent and meet the expectations of the interested

households. The defined selection criteria for the case study houses were:

a) The house should be an occupied residential house.

b) The homeowner should provide access to the annual electricity bills for at least one

year.

¢) The construction year should be between the following years: pre or early 1900, 1950
— 1977 and from 2005 onwards, to represent the majority of dwellings in the LH

Community.

d) The house should be available for measurement and data collection for more than

one day.

e) The homeowner should allow taking pictures and be willing to be interviewed in case

of more data requirements.

f) In order to keep calculations more precise and representative for a more significant
number of buildings, the existence of renovation and extension, the number of joints
in the house should not be greater than two. Provision of blueprints and/or hand-

drawings of the dwelling is preferred.

g) Owners should exhibit interest in renewable energy or heat pump installation.

Through the pre-survey questionnaire, a total of five house owners expressed their interest in
having an energy assessment conducted. A survey of the physical characteristics of the
building and data collection of annual electricity invoices was carried out by preliminary site

visits of the interested households.

Phase 2: Detailed energy assessment

In compliance with the defined criteria, three case studies were narrowed down for the detailed
energy assessment. Phase 2 was further divided into electrical and building envelope
assessments. Therefore, a team of four was divided into two students each for the respective

task. The set of instruments used for the detailed energy assessment were: thermal camera,
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laser meters, energy meters and measuring tapes. A phone camera was used to capture the

building’s internal and external characteristics when required.

l. Electrical assessment

An audit of the electrical appliances was carried out including the total equipment counts,
nameplate readings, and measurements to determine the equipment load in kilowatts (kW).
The hours of operation were determined for all equipment as per the homeowner’s schedule
and site observations. In the case of inefficient lighting and equipment in the case study sites,

energy efficiency measures were employed to identify energy-saving opportunities.

Finally, the energy use calculated above was reconciled to the actual annual metered

consumption for a baseline determination of the annual load profile.

II.  Building envelope assessment

The first step to assess characteristics of the dwelling was an on-site survey, which considered
dimensions of the envelope, material, space heating, type of water boiler system, among

others. For each aspect, the type of information collected is described in the following:
Step 1: Envelop Survey

For the data collection of the envelope, it was required two different data sheets; the first one
was the DEAP for New — Final and existing Home Survey Form, and the second one is an

excel table to address the information of doors and windows

The DEAP? Survey Form was used to collect the information according to requirements for

DEAP 4.2.0 software (see Table 3.1). This document includes a series of questions evaluating:
= Age or ages of dwelling, in case of joins.
* Years and materials for the walls
= Roof construction; type of roof and insulation
= Floor construction; type and insulation
= Arecord for each room (dimensions) (a different datasheet was used in
particular for this data.)
» Ventilation factors

» Primary and secondary space heating system and the respective fuel used

» Heating system for hot water

2 Annex 9
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The second data sheet® was required to collect the dimensions per room, including:

a) Dimensions in size and height, for the room, doors and windows
b) The counting of windows and doors,

c) Materials and directions.

d) Height of the window from the floor

Step 2: Thermal Camera Analysis

A thermal camera was used for the thermal inspection of the building envelope. The technical
details of the used thermal camera are attached in Annex 11. Before the examination, all the
case study houses were heated for at least 24 hours so that the temperature difference
between outside and inside would be at least 10 degrees. Each room was examined with the
infrared camera for temperature differences in the areas of floors, walls, ceilings, windows and
doors. Particular attention was paid to the inspection of ceilings with built-in lighting, ceilings
and walls on the attic floors, insulation at the junction of window frames and walls. During the
inspection of the premises, infrared images of areas with detected low temperatures were
taken. The images were later analysed to identify poor insulation and provide

recommendations.

Phase 3: Analysis and calculation

Two software were used for analysis and calculation. Sketchup was used for calculating the
area and volume of the house and DEAP Software 4.2 was used for the heat loss analysis and

development of retrofit steps.

o Sketchup

Sketchup is a two- and three-dimensional modelling and graphic design program. Because of
that, its utilities range from urban design and planning, civil engineering, architecture, industrial

design, among others (SketchUp, 2022)

The program has a user-friendly and intuitive interface, which allows them to perform work
quickly and accurately. For this reason, SketchUp is the tool used for the building dimensions

calculation of the case studies.

In the absence of dwellings blueprints, a method was opted that would allow to process the

information obtained during the interview and data collection phase. Necessary inputs for the

3 Annex 10
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DEAP were derived from SketchUp, which included total area, dwelling volume, and total

perimeter. The steps followed for SketchUp is described below:

1.

Draw each room based on the measurements. This process includes the sequences
and distribution of the rooms and the determination of the public and bedrooms

areas.

Based on the type of wall of the dwelling, the dimensions (thickness) of external walls

and the internal walls were included

Once the particular areas were classified, the calculations of the area per room can

be made and cross-checked with the heights.

The internal walls are removed in a copy of the drawing to calculate the main floor

area.

With the clean floor area, another layer is created to project the roof, extending the
floor perimeter by 0.30m to consider the eave. The extra space influences the total

area of the roof and, consequently, the volume.

Note: For pitched roofs, geometry calculations to consider the slope are additional to

obtain the actual area and volume.

In the floor area layer, after calculating the average height of the rooms from the data

collected, the value is input in the elevation of the walls and calculates the area.

The calculations performed with SketchUp are the input to the DEAP program, a process that

is described in more detail in the next section.
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SketchUp building process
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Figure 3.3: Rooms distribution drawings
Source: uthor based ap own measurements
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Figure 3.5: Total floor area
Source: Author based on own measurement
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Figure 3.8: Rooms areas
Source: Author based on own measurements

Figure 3.4: Section of a pitchpitched roof
Source: Author based on own measurement
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o DEAP

The DEAP 4.2.0 software web interface developed by SEAI was used to calculate and assess
the heat loss and the energy required for space heating from building fabrics and to develop
retrofit strategies. The calculation of the energy demand for space and water heating is based
on the the dwelling dimension and doesn’t reflect the consumption behavior of the occupants.

The main inputs required for the calculation are summarized in Table 3.1.

Table 3.1: Summary of the main DEAP inputs
Source: DEAP manual(Seai, 2020)

Element Parameters

Building geometry Building floor area, living room area, floor heights, volume,

exposed wall areas, roof areas, floor areas, window and door area

Building fabric U-Values of element

Windows Orientation, type of glazing, U-Value, number of openings,
overshading, blinds curtains type, number of draughts stripped

openings, overhangs.

Ventilation Air-tightness (infiltration rate), number of vents, fans and flues,
draught stripping, type of structure (masonry or timber), ventilation

method (natural or mechanical),

Space heating systems | System controls and responsiveness, boiler efficiency, fuel type,
distribution medium, distribution losses, secondary heating

system

Water heating systems | System controls and responsive, boiler efficiency, fuel type,

distribution losses, storage losses, solar hot water systems

Lighting Proportion of low-energy light fittings

Renewables Photovoltaic, biomass, CHP, etc (if applicable)

The retrofit strategy is defined based on the result of the DEAP Software, the thermal camera
assessment, and the severity of heat loss from fabrics in the building. The combination of the
upgrade suggestions aim at improving the BER rating. The suggestions are provided in the
following sequence: lighting measurements, envelop insulation, windows and door
improvement and continue through heating system technologies and renewable energy
technologies. The upgrade of heating and electricity generation technologies depend on the

feasibility.

The U-Values for the upgraded fabrics are referenced from the DEAP Manual Appendix Table

S (Seai, 2020) based on the recommended measures. The fabric upgrades involved in this
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study are for doors and windows, external wall insulation and roof insulation. Due to the relative
inconvenience of floor insulation and lack of penetration of floor insulation retrofits in the Irish
homes as per (Ahern et al., 2013), floor insulation was considered only in Case Study Il where
it was necessary for the installation of Heat Pump. The U-Value of the floor, therefore, remains

unchanged, Case | and Il.

As per the National Housing Retrofit Scheme (National Housing Retrofit Scheme -
House2home, n.d.), all homes undergoing major renovations must be built to a minimum
Building Energy Rating (BER) of B2. However, the maximum fabric upgrades above the
advanced retrofit strategies defined under TABULA* was not considered irrespective of the
energy rating of the house. Instead, heat loss and HLI was accessed in every fabric upgrade

step to calculate the energy and cost savings with the associated payback period.

Under conditions when the HLI of the developed retrofit upgrade was within the range of
2 W/K/m? and 2.3 W/k/m?, design and system sizing of a heat pump was done, as the range
defines the eligibility for the Heat Pump grant. Where the HLI is between 2 and 2.3 W/km?, it

may not be economically feasible to upgrade the home further (Seai, 2020)

Annual energy costs for each step are calculated using DEAP by multiplying the calculated
annual delivered energy (kWh by fuel type) by the relevant fuel price kwWh unit costs (including
13.5 % VAT). The unit costs were obtained from Domestic Fuels, comparison of useful energy
costs for space heating (SEAI, 2022b). The cost of heating oil and wood pellets bagged was
used for the calculation as outlined in Table 3.2.

Table 3.2: Domestic fuels prices
Sources: (SEAI, 2022b)

Heating Oil Wood Pellets Kerosene Electricity unit Electricity night
(€/kWh) Bagged (€/kWh) | (€/kWh price (€/kWh) rate (€/kWh)
0.081 0.0716 0.0791 0.2407 0.0983

3.2.1. Cost analysis

e Investment cost including VAT

The investment costs include all material costs referring to the recent Irish market price,

construction cost and Irish VAT. The building retrofit and domestic fuels are under a
reduced rate of VAT, which is 13.5 % (Irish Tax and Customs, 2022). Equation 3.1 shows

the calculation of total investment cost used for building retrofits of every case studies.

4 Tabula It is a project that produces the Building Typology Brochure of Ireland in the energy performance of typical
Irish dwellings. This documented work as a base for retrofit recommendations by the combination of materials.
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Equation 3.1: Total investment cost
Source:(Coyle, 2015)

Total investment = (Initial cost X Irish VAT) — Grants (If applicable)

e Total Net saving

The total net savings were calculated by using Equation 3.2. The total energy cost savings

are the energy cost difference between the base scenario and the developed scenario.

Equation 3.2: Total net saving
Source: (Coyle, 2015)

Total Net Saving
= (Primary energy saving X Primay Fuel cost)

+ (Second energy saving X Secondary Fuel cost)

e Payback Period

Another economic indicator for building retrofitting is the payback period. There are two
types of Payback Period calculated to compare the benefits of each scenario’s
recommendations and alternatives, namely simple and discounted Payback Period. These

are estimated as per Equation 3.3 and Equation 3.4.

o Simple Payback Period
Equation 3.3: Simple payback period
Source: (Coyle, 2015)

] ) Total investment
Simple Payback Period =

Total net saving

o Discounted Payback Period

Equation 3.4: Discounted payback period
Source: (CFI, 2022)

Net Cash Flow _
(1 + Discount rate )™’

Discounted Payback Period = n: period

e Cost estimate classification

The cost-benefit consideration has to include the uncertainty in the calculation. Considering
the accuracy range according to AACE International Recommended Practice Professional
Guidance,(Borowicz et al., 2020) there are five classes for the cost estimate classification
which are also able to apply to cost estimates for building retrofitting. The cost estimate class
was mapped by primary and secondary characteristics of the project phases and stages as
shown in Table 3.3. Each cost estimate class has a different expected accuracy range at an
80% confidence interval. Class 5 has the highest accuracy range and Class 1 has the lowest

one as detailed in Table 3.3. The building retrofitting and corresponding cost estimates can be
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defined as Class 4 which was called "Schematic design or conceptual study” by considering

the available drawings, parametric models, and preliminary material. The final calculation will

consider the accuracy range between a low range of -10 % and a high range of 30 %.

Table 3.3: Cost estimate classification matrix for the building and general construction industries”
Source: (Borowicz et al., n.d)

Primary o
- Secondary Characteristic
Characteristic
Estimate Maturity Level of Expected
class Project Definition End Usage Methodology Accuracy range
Deliverables Typical purpose of Typical estimating Typical variation in low
Expressed as % of estimate method and high ranges at an
complete definition 80% confidence interval
SF or m? factoring,
Functional area or | parametric models, L: -20% to -30%
Class 5 0% to 2% . ]
concept screening judgment, or H: +30 to + 50%
analogy
] ] Parametric models,
Schematic design ) L: -10% to -20%
Class 4 1% to 15% assembly driven
or concept study H: +20% to + 30%
models
Design . ) .
Semi-detailed unit
development, )
costs with L: -5% to -15%
Class 3 10% to 40% budget
o assembly Level H: +10% to + 20%
authorization, ) )
e lines items
feasibility
Control or Detailed unit cost
) ) ) ) L: -5% to -10%
Class 2 30% to 75% bid/tender, semi- with forced detailed
] H: +5% to + 15%
detailed take-off
Check estimate or Detailed unit cost
] ] ) L: -3% to -5%
Class 1 65% to 100% prebid/tender, with detailed take-
H: +3% to + 10%
change order off

3.3. Solar PV-Heat Pump System Sizing and Integration

After introducing suitable retrofitting and energy efficiency improvement measures at the
residential buildings in Loop Head, the feasibility of solar PV technology for electricity
generation and the replacement of conventional heating solutions with heat pumps was

analyzed.

The output from the PV system is not uniform throughout the year since it depends on various

factors, as will be described in sub-chapter 4.3.2. The generated energy exceeds the
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household demand at a higher energy yield from the PV system. Thus, this study analyzes the

system integration of battery storage and domestic hot water storage tank for maximum

utilization of the generated excess energy. Further, this study aims to design a low-cost PV

system with a higher energy fraction for selected dwellings in LH. Figure 3.12 shows the

methodology flow diagram for designing and analyzing a residential PV system.
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Figure 3.12: Case study approach for PV technology
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It is imperative to match the erratic behavior of PV energy with the time-varying power
consumption of a household. This enables the operators to optimize the cost of the system by
addressing subjects of concern on how to: operate the system, size the storage, curtail excess

energy. Thus, the analysis of load profiles is crucial for PV system design (IRENA, 2018).

The load profile developed after energy assessments in three different households, as
discussed in Chapters 5, 6, and 7, elucidates the annual electricity consumption of the building
after implementing the energy efficiency measures. However, it does not reflect the hourly

consumption of the household.

The limited time for IC 2022 challenged the possibility of recording the annual hourly
consumption of households in Loop Head. This led to developing a synthetic load profile for
residents in Loop Head from the standard national load profile developed by (Ricardo, 2020a).
The national load profile considers the average demand of typical Irish households, including
the seasonality factor and variation of load pattern on weekends and weekdays. However, the
demand profile data is from 1997, and the annual domestic consumption was over 7,564 kWh,
which might not represent the consumption of present-day Irish households. Therefore, it is
essential to scale down the standard national load profile to match the actual demand of Loop
head dwellings. Since many variables are considered in the development of synthetic load

profiles, it requires validation for further utilization in the PV system design.

Validation process

A scaling factor was created by dividing the annual electricity consumption of a typical Loop
Head household obtained from the pre-energy assessment and annual average residential
consumption from (Ricardo, 2020a). The synthetic load profile for Loop Head households was
generated by multiplying the hourly annual national load and the scaling factor. Further, the
synthetic load profile pattern was compared with the monthly load profile developed after pre-
energy assessment. The similar demand pattern of the two load profiles provided a scientific

base to adapting the synthetic load profile for the Solar PV sizing throughout the study.
Step 2: Sizing of PV system

HOMER, a software developed by National Renewable Energy Laboratory (NREL), was used
to design and evaluate technically and financially apt options for microgenerators. Homer Pro
models the physical behavior and lifecycle cost of microgenerators. Microgenerators such as
solar PV system take the input parameters as shown in Figure 3.13 and analyze the
performance of the system configuration hourly to determine its technical feasibility and life-
cycle cost. The three major tasks of Homer Pro include simulation, optimization, and sensitivity

analysis. The software simulates various system configurations in the optimization process to
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satisfy the technical constraints at the lowest life-cycle cost. The sensitivity analysis helps
gauge the effects of changes in the model input. The oval representation of the three tasks in
Figure 3.13 shows that single optimization requires multiple simulations. Similarly, single

sensitivity analysis involves a series of optimizations.

Project Inputs Analysis Project Results

e Site location

o Site specific
renewable resource
data

e Load Profile

e System components

e Economics

e System sizing

e System
Performance

e Project finacials

e Project reports

Figure 3.13: Operating mechanism of Homer Pro Software
Source: author

In the case studies, the solar panels, inverter, and battery size options were fed as input
parameters in Homer Pro. Further, the optimization tool in Homer was used to find the optimal
size to cater to the demand. Two optimization criteria were set for the final selection of the
system, as listed below.

I.  Cost-optimized-system with the lowest cost for generated electricity compared to the
considered electricity tariff of 24.70 cent €/kWh

II.  Generation optimized-maximum renewable penetration from the system selected
from criteria | by conducting sensitivity analysis on the altered tilt angle

The optimized design was finalized based on the market availability of the components. Also,

the system design complied with the SEAI domestic solar PV code of practice.
Step 3: Power diversion to hot water storage

The houses that did not pass the eligibility criteria for installing a heat pump were equipped
with a power diversion controller for domestic hot water purposes. In the case of a battery

storage system, the excess was diverted only after charging the battery system.

The hot water demand varies significantly depending on the nur of consumers throughout the
day/month/year (Herrando et al., 2014). A study (DEFRA, 2008a) in 124 dwellings in England
suggested that the mean household hot water requirement is 122 L/day, with a confidence
interval of 95% of +/- 18L/day. Generally, a boiler is expected to provide hot water at 60 °C
(Herrando et al., 2014)( . However, considering the studies from (Zondag et al., 2015) (DEFRA,
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2008a), this study used an approximate estimate of daily consumption of 120 L at 50 °C for a

family of four.

In this study, a water mains temperature of 10 °C was considered (DEFRA, 2008b),. The hourly
simulation result obtained from Homer was rearranged in Microsoft Excel to calculate the daily
excess from the PV system, out of which the energy required for hot water tank operation was
diverted, and the rest was fed into the grid. The diverted power was used only to heat water
up to 50 °C from the water mains temperature. Equation 3.5 was used to calculate the required

energy to be diverted for water heating.
Equation 3.5: Electricity consumption of water heating

Energy required

Specific heat of water * volume of water to heat * (50 — water mains temperature)

Performance ratio
Where:

e Specific heat of water= 1,163 Wh/kg°C
o Efficiency=0.9

Step 4: Economic Analysis

For the economic analysis, the cost of consumed energy (COCE) generated by the designed
PV system was calculated using a general NPV approach as shown in Equation 3.6 The
discounted payback period and cost savings from the generated PV were also economic
indicators. The overall cost of the system was cumulative of individual component cost per

kWp and installation cost.

Equation 3.6: COCE
Source: (Homer, 2021)

A
IO + Z?:l (1 +tl')n
n _ M
t=1 (T + )"

COCE =

Where:

e o= total investment cost for PV system
e A; = Annual O&M cost for PV system including Grid O&M cost

o Me = Total load served by the system

29



Case study approach to energy efficiency and technologies

All the parameters involved in the economic analysis, namely operation and maintenance cost,
replacement cost, inflation rate, the lifetime of the components, discount rate, feed-in-tariff, and

cost of grid electricity, are discussed below.

Financial Calculation Assumptions

The financial calculation involved various associated cost values and estimates. This section
details the cost involved in the economic analysis of retrofitting, heat pump design, and

residential solar PV design.
Nominal Discount rate

For the economic calculation, a nominal discount rate of 3.5% was considered throughout the
study based on (IC, 2020).

Inflation rate

The inflation rate impacts the economic analysis and could lead to a misleading result if not
incorporated carefully. According to the report (Statista, 2022) the inflation rate in Ireland has
been in the range of 3.04 % to 1.9 % between 1986 and 2021. The report further forecasts the
inflation rate of Ireland until the year 2026 to 2 %. This study assumed the 2 % per year inflation

rate for the financial calculations.
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Figure 3.14: Inflation rate in Ireland
Source: author based on (Statista, 2022)

Real Discount rate
A real discount rate of 1.47 % was used for the economic calculation throughout the study.

Investment and O&M Cost
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The total investment cost accounts for the investment incurred from the generation technology.
The individual component cost for the various solar PV system sizes is attached in Annex . For
PV system economic analysis, operation and maintenance (O&M) for panels and inverters was
considered to be 1 % of the investment cost. However, the battery O&M was 2 % of the
investment cost. While calculating COCE, the operation and maintenance cost of the grid is

also considered. Equation 3.7 gives the grid O&M cost.

Equation 3.7: Grid O&M cost
Source:(Homer, 2021)

Grid O&M cost
= load served by grid electricity * cost of grid electricity

— income from the sales of electricity to the grid

This study restricts the grid sales in the Homer Pro software. Besides, the O&M cost for the

heat pump was assumed to be 311 €/year (Anders Rosenkjeer Andersen, 2021)
Tariff rate

Different tariff rates were found in the electricity bills of the case study houses. However, none
of the tariff rate reflected the the standard charge, the public service obligation levy, VAT and
discounts. As a result, the customer pay more than what is mentioned as a “tariff rate”
irrespective of day/night tariff or a fixed flat rate. After including all these factors for analyzing
the electricity bills of all case studies, average the tariff rate of 24.70 cent €/kWh was

considered throughout the study.
Feed-in tariff

The Clean Energy Guarantee (CEG), discussed in sub — chapter 4.6.3, enables the
microgenerators to receive payments from their electricity supplier for the electricity fed into
the grid. The feed-in tariff rate will be based on a competitive market rate. However, this study
considered a feed-in tariff of 0.09 €/kWh (SEAI, 2020).

Degradation factor

The economic analysis includes the degradation factor considering that output from PV panels
degrades annually. Thus, to account for it, 2 % factor was considered in the first year, and

0.05 % for later years.
Project Lifetime

The lifetime of the various components and equipment considered in this study are listed

below.
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Table 3.4: Lifetime of components and equipment

Components Lifetime (years)
Solar Panel 25
Inverter 15
Battery 10
Heat pump 16

The cost-optimized system was analyzed under two scenarios: with and without SEAI solar
grant. A further cost analysis of hot water diversion was added in system integration. Sensitivity
analysis was conducted by varying the cost of grid electricity to analyze how it impacts the

payback period and return on investment.

Critical analysis

The technical and cost constraints of the designed system were discussed. Further, the

effectiveness of the PV system to enhance the BER rating of the building was analysed.

4. Energy solutions for residential buildings

In residential buildings, the energy consumption depends on the level of insulation present,
type of space heating and the adoption of solutions to improve energy efficiency of the house
in general. Energy-saving measures do not only increase the comfort level of the house but
also make it possible to reduce fuel (coal, oil, gas) consumption and increase energy cost

savings.

Heat loss of the house is the amount of heat given off by the house per unit of time in watts
per kelvin (W/K). It is affected by the temperature difference between the inside and outside
the house. The house loses heat through the building envelope (walls, windows, roof,
foundation), ventilation and sewerage. 60 — 90 % of all heat losses are through the building
envelope, (SEAI Blog, 2019) out of which, up to 25 % is due to the poor roof insulation, 20-
35 % due to exterior walls, 25 % due to poor insulated or badly built-in windows and door, and
15 % through ground floors (SEETECH, 2022)
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Heat Loss from a
Badly Insulated

House Up to 25%

through
the roof

Up to 25%
through

~Euni

Up to 35% doors and
through windows
outside

walls

Up to 15% through
ground floors

Figure 4.1: Average house heat losses
Source: (SEETECH, 2022)

The extent to which external walls or windows prevent heat from escaping is a measure of the
resistance to heat transfer. There is an inversely proportional relationship between the
resistance to heat transfer of the enclosing structures of the house and heat losses - with an
increase in thermal resistance, heat losses fall. The following factors are taken into account

when calculating the heat loss of a house:

= resistance to heat transfer of walls, floors, ceilings, windows;

= heat consumption for ventilation;

= air temperature in a particular place during the coldest period of winter;
= the location of the house on the cardinal points.

It is possible to achieve a reduction in heat loss if the following measures are taken:

= |nsulation of the foundation, walls, and roof.

= |nstallation of the modern multi-chamber double-glazed windows, triple-glazed

windows, or replacement of the seals and fittings in old windows.

= Sealing gaps and cracks in walls with polyurethane-based sealant.
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4.1. Types of wall and insulation

One of the main measures to eliminate heat loss in the house is the insulation of the walls of
the house. The three main wall types are cavity walls, solid walls, and hollow block walls.

External insulation Internal insulation Cavity wall insulation

Figure 4.2: Types of insulation.
Source: (Alexey Dedulin, 2019)

4.1.1. External wall insulation

The outer wall of the house performs three main functions:

¢ A mechanical barrier to protect against penetration into the room.
e Structure of the building.
e A barrier to outside cold air.

When the insulation is located outside, the walls are preserved from environmental impacts
like rain, snow, sunlight. It also acts as an additional barrier that excludes contact of the wall
with cold air, which is why internal heat is not dissipated into the atmosphere. Accordingly, the
temperature of the wall rises, the dew point shifts outward. While doing external insulation

different insulation materials can be used for example mineral, wool and polystyrene.

The insulating material is fixed outside the building. Mounting methods depend on the choice
of material. To protect the insulating material from moisture and weather conditions, various
finishing materials are used, such as decorative plaster, siding, and various decorative panels.
Thus, by insulating the house from the outside, it is possible to update the appearance of the
building.
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4.1.2. Internal wall insulation

Insulating a house from the inside is a cheaper option compared to external wall insulation.
Insulation boards are attached to the walls and covered with a vapor barrier layer and
plasterboard. However, it is not recommended to insulate the house from the inside because
mistakes in the choice of insulation and vapor barrier materials can lead to the constant
formation of condensate, which will cause the spread of fungus and mold in the walls. In
addition, it must be borne in mind that insulation of the house from the inside will lead to a
decrease in the living space of the house and cause difficulties with hanging furniture and
cabinets on the walls.

4.1.3. Cavity wall insulation

Insulation of walls of this type lies in the fact that the insulating material is located between the
outer and inner walls of the building. Various insulating materials can be used, e.g., mineral
wool and polystyrene panels. Injection of insulating products from the outside is considered to

be the best method for insulating this type of wall.

4.2. Types of roofs and insulation

When choosing a material for insulating the roof of a house, the difference between three types

of roof structures matters:

e Shed roof

e Pitched roof (cold attic)

¢ Mansard roof (floor)

Shed roof A pitched roof (cold attic) Mansard roof (floor)

Figure 4.3: Types of roofs
Source: (DD - Stroi, 2020)
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Each of the three types of roofs requires a different approach in the choice of insulating

materials.

4.2.1. Shed roof insulation

The shed roof has a simple design. This allows the use of various types of insulation:

e Polystyrene is a very light material and is easy to install.

e Mineral wool has good thermal quality but is extremely sensitive to moisture. Mineral
wool is very easy to install from inside the attic by laying mineral wool sheets in between

the rafters.

e Eco wool has very similar properties to mineral and cotton wool. Eco wool is made from
recycled pulp and waste paper. It has excellent thermal qualities, is light, cheap,
environmentally friendly. The material has a long service life and prevents noise and

vibration.

The method of installing the insulation will directly depend on the choice of material. Today,
roof insulation is usually done quickly and easily, without the need for special tools. In the case
of sprayed Eco wool, you will need a special pump through which the material will be injected
into the structure. For installation of insulation in the form of tiles or layers of mineral or cotton
wool, special clamps with an increased area will be required. The material will be tightly fixed
on the structure. It is easiest to start the insulation of a shed roof from the inside, but the

waterproof material should be installed from the outside.

Rafter insulation Attic insulation

Figure 4.4: Roof insulation.
Source:(SEAI, 2020a)
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4.2.2. Pitched roof

It is possible to insulate a pitched roof with a cold attic on the floor. However, in some cases,
insulation is also inserted between the rafters. For these purposes, soft and elastic mineral
wool slabs are most often used, which are inserted into the spacer. The attic floor could be

insulated with various materials, both sheets, loose and sprayed.

4.2.3. Mansard roof

The mansard roof is, in fact, the walls of the room, but they are not made of concrete or brick,
but of rafters and, for example, tiles. This design is more expensive than a separate, ordinary
floor. Roof insulation for a mansard roof should be environmentally friendly, because, in fact,
it is warming the room from the inside. There are also increased requirements for fire safety.

Most often, such roofs are insulated with mineral wool.

4.3. Floor insulation

Floor insulation in the house is a necessary part of the construction. Up to 15% of the heat
goes through the flooring into the ground. An unheated basement under the building leads to
heat losses of 5-10%.

The materials used to insulate floor coverings are produced in the form of:

e granules - expanded clay, foam glass, perlite, vermiculite granulated slag;

¢ rolls with and without a reflective layer - mineral wool, glass, slag, polyethylene foam,
expanded polystyrene, cork;

¢ foil and non-foil boards - expanded polystyrene, foam plastic, foam plastic;

¢ liquids and foams - special insulating paints, polyurethane foam, Eco wool;

To select the most suitable material, you need to consider the features of their installation and
use. The most common floor structures are concrete and wooden floors. Insulation material is

different for different floor types.

Wooden floors are most often insulated with mineral wool or eco wool, which fit in the gaps

between the floor joists as seen in Figure 4.5
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Figure 4.5 Wooden floor insulation
Source: (Dave Judd, 2021)

For the concrete floor, it is better to insulate during the construction phase. The concrete floor
is one of the most practical options for a house due to its strength and durability. But concrete
is a cold material, and without high-quality thermal insulation in winter, high heat losses and
the problem with condensate due to the large temperature difference on the inside and outside

of the concrete base can appear.

When constructing a concrete floor, it is necessary to pay special attention to the waterproofing
of the lower layer in order to avoid moisture getting into the concrete from the ground. In order
to avoid the 