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Executive Summary

This Energy Review is being carried out to comply with the requirements of the
ISO5001: 2018 Energy Management System (EnMS) standard, clause is 6.3. The main
purpose of this energy review is to analyse University of Galway's energy usage and
consumption based on measurement and other data i.e. the identification of
current types of energy use, the evaluation of past and present energy usage and
the analysis and identification of the Significant Energy Users (SEUs). For each SEU,
the relevant variables and current energy performance is determined and the
person(s) doing work under our control, who have an influence, or effect, on each
of the SEUs, have been identified. Additionally, opportunities for improving the
energy performance of the University of Galway’s SEUs are outlined and prioritised.
Furthermore, the estimated future energy usage and consumption is documented.

Buildings that are included within the scope of the University of Galway's ISO50001
EnMS have been reviewed and are listed in our Energy Manual and Dashboard.
There are fifty-eight buildings included that have a total internal floor area of
155,090 m2.

Internal audits of the ISO50001 EnMS have been carried out during 2022 and there
were no non-conformances found. The main observations are in relation to the
energy crisis (security of supply & escalating costs), coming out of the pandemic,
and resulting actions i.e. opening of the University of Galway's Campus to all of its
staff, students and visitors. The pandemic continues to have an impact on the
energy performance of our buildings, and University of Galway’s ISO50001 Energy
Management System, and accompanying documents/meetings /processes have
been updated accordingly. It is a testament to the hard work and dedication of
the University of Galway’s Buildings & Estates Team, that the colleges energy
performance has continued to improve (see also Figure 4).

The management team measure electrical and thermal energy performance using
key performance indicators; kWh (e)! and kWh (th)2 per metre squared of freated
floor area per annum. These are termed Energy Performance Indicators, or EnPIs,
and are being used to set targets for enhanced energy performance improvement
plans. These metrics are used to monitor the performance of each of the SEU
buildings, on a weekly/ monthly basis and are actively discussed during our monthly
energy review meetings.

University of Galway operate a formal EnMS which is compliant with the
requirements of ISO50001: 2018; Energy Management Systems Standard. The
Energy Review is carried out once a year and in response to major changes in
facilities, equipment, systems, or energy using processes. It is normally carried out
during August/September/October, and compiled, reviewed, and reported during
October/November, each year. However this format has changed slightly this year
to align with the surveillance audit which is planned to take place during October
this year.

1 kWh (e) relates to electricity related usage — the average unit price per kWh(e) used is €0.152c
2kWh (th) relates to gas usage — the average unit price per kWh(gas) used is €0.062c
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The methods and criteria used to develop each of our Energy Reviews are outlined
and the results are documented and retained/ maintained as records under our
Document Conftrol Procedure.

1. Analyse Energy Use & Consumption

1.1 Current Types of Energy

The current types of energy being used at University of Galway are outlined on
table 1. In the main, the campus uses imported electrical and gas to sustain its
operations. It also uses a considerable number of renewable energies such as
combined heat and power plant, biomass boiler, solar thermal and solar
photovoltaic systems. Over the past few years, the college has continued to roll
out the installation of solar photovoltaic electrical energy generation systems and
these are proving very worthwhile. The campus building's energy consumption
during 2021 is set out in Table 1 and summarised in Figures 1, 2 and 3.

Table 1: Annual Energy Consumption, Energy Costs & CO2 Emissions (1)

2021
Fuel Quantity Spend Enfi?s?o*ns
[kWh] (Est.) kg

Electricity Imports 13,825,553 €2,101,484 4,603,909
Electricity Generated on-site- PV. -355,000 -€53,960 -118,215
Gas Imports 10,696,613 €663,190 2,162,855
LPG 416,540 €22,285 95,513
Gasoil — Heating, Kerosene 321,117 €22,125 84,743
Wood pellets 571,200 €29,702 0
Solar Thermal -75,000 -€7,500 -15,165
Road Diesel 168,019 €17,390 42,324
Transport Biofuels 736 €76 185
Total 26,429,778 €2,794,792 6,856,149

*Referenced SEAI website on 4™ August 2022: SEAI's Emissions Factors — Electricity 2021 (Interim Balance)
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1.2 Evaluation of past & present energy use & consumption

An evaluation of the past and present energy use and consumption was carried
out using the SEAI's M&R System. This is the national database of all public sector
organisations’ energy profile. It is ‘independently assessed’ using a stringent quality
assurance system and uses electricity and town’s gas data, accessed from the
national Meter Point Registration Operators. The M&R System is heavily referenced
as it demonstrates that we are being independent in our assessment criteria. That
said, this data includes energy used to sustain science and research activities
carried out at the SRB Building and that building is not included within the scope of
our ISO50001 EnMS. An annual highlight of our energy performance from 2006 to

2021, inclusive, is outlined on Figure 4, below.
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Figure 4: University of Galway's actual energy performance Source SEAI's M&R System —
accessed on 27t September 2022

Additionally, the energy performance of each of our buildings is being monitored
daily and reported monthly. The Energy Team reviews the performance of each of
our significant energy using buildings; using monthly cumulative electrical energy
usage data and compares that to the cumulative electrical energy usage for the
equivalent month, from the previous year. This is carried out to react to any
untoward changes in a timely fashion. However, over the past couple of years we
adjusted our methodology to factor pandemic related guidelines and have
increased lower-level energy performance tolerances, per building, accordingly.
Air change rates and carbon dioxide monitoring in our lecture theatres are
discussed and actions taken accordingly. A proactive approach allows us to micro-
manage each of our building’s energy performance so that monthly and annuall
objectives and targets are continuously met.

Furthermore, the annual SEAI M&R Report is being used to review our past and
present energy performance as outlined in figure 4. Our energy performance has
steadily improved, and the downward trend has resulted in a 51.7% overall
improvement in our energy performance, since our baseline year, which is 2006.
The energy performance indicator used is kWh/TUFA (Treated Unit Floor Areq).

A copy of the annual SEAI M&R Report is sent to our President, by SEAI, every year.

2. Identification and analysis of our Significant Energy Users

2.1 Significant Energy Users
The main energy consumers are summarised in Table 2 below. This table is based

on the electrical energy using data obtained using the Building Energy
Management System (BMS). It is used to prioritise opportunities and support cost
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accounting exercises. The Arts Science Building includes the Main Concourse,
Chemistry/ Bio-Chemistry and Physics. As outlined previously, The Science Research
Building (SRB) is outside the scope of the ISO50001 Energy Management System and
is being managed by Neylons’ FM. This table shows that the overall electrical
energy usage has dropped significantly by 938,170 kWh, during 2021 when
compared with 2019 (relatively ‘normal’ operating year). There is one outlier and
that is the HBB — Human Biology Building, which is the main medical building
incorporating ‘live’ research laboratories, which have fully treated air and these
laboratories are in the basement. The building has reached it full operating
capacity during 2020. The reasons why this building’'s energy usage is growing is
being investigated by the Energy Team and a Corrective Action Report has been
raised in this regard.

Additionally, Sankey Diagrams are being used to display the energy usage of the
significant energy users within buildings. An example of the Engineering Building
Sankey Diagram is outlined in Appendix E.

A table for primary thermal energy users is being developed to include information
from the new thermal energy meters. Additionally, we have conducted a degree
day regression analysis recently and the results are outlined in Section 2.2.2.

Table 2: Summary of top ten electrical energy consuming buildings

2019 2021 .

3
Name Year GIA kWh (e) kWh (e) Diff.
Arts Science Building — Main 1970, 31312 | 1,764.035 | 1,613,083 150,952
Meter 1973
Alice Perry - Engineering 2011 | 14,145 | 1,135,424 | 1,216014 | 80,590
Building
James Hardiman Library 1980 9,415 | 1,333,950 | 977,365 -356,585
Science Research Building 2012 8,212 | 2,616,242 | 2,406,549 | -209,693
Arts Millennium Building (incl. 2000,
AMBE extension) 2012 8,054 | 603,848 335,368 -268,480
Human Biology Building 2017 8.000 | 1,545,019 | 1,961,688 | 416,669
Orbsen Building 2003 6,491 1,350,307 | 975,442 -374,865
Arts, Humanities, Social
Sciences Research Building 2013 5,436 791,001 683,043 -107,958
(AHSSRB)
Aras Na Mac Leinn / Cultural 1995 | 4307 | 555411 | 669,487 | 114,076
cenfre
Aras de Brun, Anatomy & 1960 | 2426 | 548,698 | 467.726 | -80,972
Terrapin
Overall 97.798 -938,170

3 GIA — Gross Internal Floor Area
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2.2 Relevant Variables
2.2.1 Baseline

The energy baseline used is the kWh (e) and kWh (th) per m2 of treated floor area.
The baseline year is 2006 and NUI Galway's progress since then is plotted on Figure
4. Our energy performance during 2006 was 462.64 kWh per m.2 of treated floor
area. During 2020 that figure fell to 180 kWh per m.2, which is a 54.2% improvement.
However, as we are coming back to more regular and normal routines during 2021
that figure rose to 189.98 kWh per m.2, which sfill a significant improvement of 51.7%
lower than the baseline. The target set for 2030 set under the Climate Action Plan
2021 (see also Appendix F) is 196.47 kWh per m.2, and we have already surpassed
that target, which is pleasing. However, as expected our targeted performance will
confinue to be a challenge e.g. the Human Biology Building, is approaching
operational capacity, and has exact heating, cooling & humidity control to some
areas and that is dragging down the overall energy performance of our University.

As expected, the Climate Action Plan targets a 50% improvement in carbon*
emissions performance compared to the baseline year; for all public sector
organisations. Our baseline year is 2006. In preparation for the fransition to Carbon
and Green House Gas Emissions — GHGs, we are monitoring our CO2emissions every
year, since 2006. We have placed more emphasis on this aspect since 2014 and
are delighted to report that our primary emissions are on the wane, since then. See
also Appendix C - Yearly CO2 emissions.

Finally, there is a requirement to monitor travel related carbon emissions associated
with our operations and a database is being compiled to capture and populated
all fravel related carbon emissions. This is an onerous task and take some fime to
develop and mature. It is expected that during next year's M&R return cycle our
college will have enough data to accurately report fravel related carbon emissions.

2.2.2 Other Relevant Variables

There are a number of otherrelevant variables such as number of students and staff
(and researchers), number of conferences, number of projects completed
(including new or renovated buildings) and degree days>. Degree days and
regression analysis exercises are being undertaken. The calculated regression or R
value during 2021 is 0.906 (Strong Positive Relationship between gas usage and
outside ambient temperatures). During 2020, it was 0.754, which demonstrates a
positive correlation between gas usage and outside ambient temperature. During
2019 the R-Value was 0.626. This is reassuring and demonstrates a 28.77%
improvement in the correlation between thermal energy usage and outside
ambient temperature over the past 3 years. See also Figure 5.

4 Carbon dioxide is abbreviated to carbon and is denoted by CO-

5 Degree days are a simplified representation of outside air-temperature data. "Heating degree days", or "HDD",
are a measure of how much (in degrees), and for how long (in days), outside air femperature is lower than a
specific "base temperature" (or "balance point"), which in our case is 15.5 deg C. Source www.degreedays.net
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Heating Regression Analysis On Gas Data For 2021 (Slope: 6684.796 —- Intercept: 3941.963 - R2: 0.906) v

)
[ ]

Figure 5: Degree Day Analysis

As part of the Green Flag initiative, we began reporting a carbon and energy per
student related key performance metric, and this proved to be a very successful
tool in engaging with students. We will continue this initiative during 2022/23 as this
has enabled our students to become more conscious of their impact on energy
and carbon usage at our university. During 2020, the weight of carbon dioxide
emitted per student dropped from 465 kg to 348 kg which will be a factor of the
pandemic national guidelines and associated remote learning. However, during
2021, the weight increased to just 373 kg per associated with each student and this
metric is particularly pleasing. Figure 6 plots the kg of CO2 per student during the
period from 2006 to present. The use of carbon performance metrics will be more
prevalent in future as this method compliments the move towards a more
sustainable campus.
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Figure 6: Kilogrammes of CO2 per Student (2006-2021)
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2.2.3 Legal & Other Requirements

Legal and other requirements are being evaluated on an ongoing basis. Since Q1
of 2017, University of Galway has subscribed to an external register of energy
legislation and staff has undergone training in its use, and the requirements of
ISO50001: 2018 Clause 9.1.2.

The main pieces of legislation and other requirements that apply to the university
on an ongoing basis are: -

- S.I. 426 of 2014 - European Union (Energy Efficiency) Regulations — that
place responsibilities on public sector organisations to take an exemplar
role in relation to energy efficiency and energy management.

- S.1.292 & 183 of 2019, S.I. 243 of 2012, S.I. 872 of 2005 — European Union
(Energy Performance of Buildings) Regulations 2005, 2012 & 2019

- Climate Action Plan — 2021 and previous National Energy Efficiency Action
Plans —i.e. National Energy Efficiency ActionPlans 1, 2, 3 & 4

- Building Regulations 2021: Technical Guidance Document L — Buildings
other than Dwellings Published on 7" December 2020 and updated on 12
August 2021.

Finally, the Buildings and Estates team operate a comprehensive ‘Statement of
fundamentals’ that is infegrated into the college’s purchasing procedure. This
document obliges all interested parties to undertake life cycle assessments so that
all new and refurbished plant, equipment, and projects undertaken include energy
efficiency measures during the design, procurement, installation, and
commissioning phases.

2.3 Current energy performance

The management tfeam measure its electrical and thermal energy performances
using key performance indicators; kWh (e) and kWh (th) per metre squared of
treated floor area per annum. These are termed Energy Performance Indicators, or
EnPls, and are being used to set targets for enhanced energy performance
improvement plans. Table 3, as below, gives an outline of the kWh usage of both
electricity and thermal energy per m.2. of treated floor area per annum. This table
demonstrates that our annual energy performance has continually improved over
the past 4-years. Electrical and thermal energy related energy performance
indicators (EnPls) are also used to demonstrate compliance with and achievement
of Public Sector 2030 targets, the use of EnPls may be developed further to include
performance monitoring of each of its significant energy users such as the chiller, IT
equipment, catering, lighting, boilers, and CHP plant.
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Table 3: 2006-21 Energy performance indictors

Year Energy Performance Indicator (EnPl)

2021 kWh (e & th) /m2 189.98
2020 kWh (e & th) /m2 180.25%
2019 kWh (e & th) /m2 237.06
2018 kWh (e & th) /m2 249.42
2017 kWh (e & th) /m2 259.85
2016 kWh (e & th) /m2 274.81
2015 kWh (e & th) /m2 274.20
2014 kWh (e & th) /m2 299.76
2013 kWh (e & th) /m2 283.71
2012 kWh (e & th) /m2 248.77
2011 kWh (e & th) /m2 256.77
2010 kWh (e & th) /m2 336.32
2009 kWh (e & th) /m2 334.55
2008 kWh (e & th) /m2 356.04
2007 kWh (e & th) /m2 371.86
2006 kWh (e & th) /m2 462.64

EnPls (kWh (e)/m2 of treated floor area are being used to monitor the energy
performance of each building and those are reported and discussed during
monthly energy review meetings. In ‘normal years’, prior to and following the effects
of pandemic related remote learning/ working measures, buildings that are under
performing by 10%, or overperforming by 20%, are highlighted for special attention.
The reasons why the performance has improved or worsened are noted and follow-
on actions are agreed. Those are then documented and followed up on during the
next few days and reviewed again during the next scheduled energy review
meeting. In this manner, the EnPl data is being used as a springboard for enhanced
energy efficiency. University of Galway are using EnPls as an essential tool for
developing an effective EnMS and are also using those as a method to
demonstrate that it is achieving its targets for improvement.

Finally, we also use Display Energy Certificates (DECs) to report each publicly used
building, to report the operational performance, in kilograms of CO2 per m.2 of
treated floor area. The DECs are a performance rating and demonstrate that we
are compliant with the requirements of the European Union (Energy Efficiency)
Regulations and the Irish Statutory Instrument; S.1. 426 of 2014. Copies of the ten most
recent DECs are outlined on Appendix B.

2.4 The identification of person(s) that affect our SEUs

The persons that affect the energy performance of our SEUs are identified and
outlined on Table 3: Periodic & Operational Tasks/Roles in our Energy Manual. These
include the details of each role and the person or fitle of the person who has overall
responsibility for carrying out the duties and associated tasks. Michael Curran, who
is Head of Building Services, Energy & Utilities has overarching responsibility for the
operational confrol of our SEUs. Michael has a team of electrical and mechanic
personnel and several preferred contfractors, and he manages these personnel so

6 2020 significant drop will be pandemic related and not reflective of a ‘normal’ year
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that each of our SEU buildings are controlled and operated to strict performance
specifications. Additionally, there are a few buildings that are managed by external
companies e.g. Apleona manage the HBB & ILAS and CTRF, Neylons manage SRB,
but Michael has overarching responsibility for the performance of these buildings.

3. Determining & Prioritising Opportunities for Improvement

3.1 Recent/Existing Energy Saving Initiatives

University of Galway's Energy Team is doing great work in developing and using
their ISO 50001: 2018 compliant energy management system, to achieve targets
and objectives, and to demonstrate compliance with its legal obligations. The
Energy Team comprises of Lorraine Rushe (University of Galway's Energy Manager),
Noel O'Connor (Assistant Director, Estates Operations), Michael Curran (Head of
Building Services, Energy & Ufilities), Sedn Farrell (Electrical Engineer), Anthony Nevin
(Mechanical Supervisor), Kenneth O'Toole (Electrical Supervisor), Karl Byrne
(Building Management Systems’ Consultant) and John Harrington (Energy
Management Systems’ Consultant). Occasionally, other interested parties are
invited to attend and to present to the EnMS Team. In general, the Energy Team
meet once a month to undertake a review of the EnMS and to review each of the
significant energy using building’s monthly energy performance data. Actions are
taken to address any deviations that are found to be + 10%, and -20%, from the
norm; see also Section 8.1. However, these tolerances are under review at present,
considering that pandemic related guidelines remain in operation, at least over the
next few months.

Noel O'Connor has confinued to lead the ISO50001 Energy Management System
and represents top management. Noel has continually demonstrated his
commitment to supporting the EnMS and is focused on delivering an effective
system; by defining, implementing, and maintaining the University of Galway’s
Energy Policy. Lorraine Rushe is the Energy Manager, and she is pivotal in the
management of the system elements and in providing the resources’” needed to
maintain and improve the EnNMS and resulting energy performance, on a continual
basis.

Lorraine has also continued to develop the legal and other requirements aspect
using the external legal registrar, known as Pegasus. That registrar updates and
advises University of Galway on their Energy, Environmental, Health and Safety
related legal obligations. Lorraine and the core Energy Team has received training
in the use of the Pegasus System. The work carried out by Lorraine has ensured that
University of Galway is fully compliant with the Legal and other requirements
outlined in Section 9.1.2 of the standard.

Michael Curran has led the way in ferms of implementing energy efficiency projects
throughout the year. He has developed the deep refrofit of the Aras de Brun
building and has been actively interacting with the HEA Pathfinder Programme to
support this national pilot initiative. By using iSBEM modelling, and other building
information, software applications, Michael has demonstrated the path towards
this building achieving an A-Rating. Other projects include the continued

7 Resources include human resources, specialised skills, technology, and financial resources.
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installation of LED lighting and upgrading oil and gas boilers to heat pump
equivalents. Furthermore, the Energy Team has continued to decarbonise the NUI
Galway campus and now has 300 kWp (Peak electricity generation capacity).

Karl Byrne has responsibility for developing and managing the Monthly Building
Performance Metering and Reporting System. He presents the results to the energy
team once a month and follows up on any metering related action(s) and updates
the reports and corrective actions accordingly.

John Harrington has supported the team throughout and has carried out the 2022
Internal Audit Programme of the EnMS system. Additionally, he planned and
documented the internal audit schedule for 2023 which is outlined on our EnMS
Dashboard. John will continue to report any observations and/or non-
conformances using the Internal Audit Report Feedback Forms. Lorraine and John
will be responsible for following through, and closing out, actions required arising
from those observations/ non-conformances, as applicable.

University of Galway's main objective is to reduce electricity and thermal related
energy consumption and to improve the overall energy performance of its
buildings. During 2020, our university's energy performance improved by 14.5%.
However, this fell by 5.4% during 2021, in line with the return of staff and students to
campus. Overall, we have demonstrated energy savings of 51.7% lower than the
baseline year (2006) and this is documented on the Sustainable Energy Authority of
Ireland’s M&R System. It provides independent proof that University of Galway's
Energy Performance is continuously improving.

We are proceeding with caution and results are being viewed with a ‘Covid related
lens’ and Lock-down related gains and ventilation related losses are being
factored into Energy Team Meeting/Conversations. We have formally identified the
pandemic related issues in the ‘Actions to address risks and opportunities’ which is
detailed in section 6.1 of our Energy Manual. Additionally, we have factored in risks
associated with security of energy supplies and escalating energy costs caused by
recent uncertainties in the international markets and mitigation factors are being
managed on a daily basis. Furthermore, a top management committee has been
formed, chaired by the Bursar, which is tasked with guiding the university through
this current energy crisis.

The Energy Team are developing further energy efficiency projects and will use the
results from the Aras de Brun deep retrofit project to roll out similar projects, on similar
buildings, into the future. The Energy Team and indeed all of the Building & Estates
Department continues to identify potential boiler-house upgrade projects, LED
lighting replacement projects, Set-back HVAC opportunities and pumps/ motors
that could be replaced with modern energy efficient equivalents. It also is
continuing to ‘roll out’ renewable energy projects such as the installation of large
scale geothermal, photovoltaic, and solar hot water systems and biomass boiler
and power plant upgrades and the combination of results will lead to the
decarbonisation of the NUI Galway campus by 2030.

A list of completed projects are outlined in the next section, 3.2 ~Energy
Management Action Plan.

Page 14 of 39



QLLSCOILNAGAILLIMHE
UNIVERSITY OF GALWAY

By taking an energy management system’s approach to reducing energy costs
and usage, University of Galway continually improve its energy performance and,
in so doing, reduces its environmental burden.

3.2 Energy Management Action Plan

A number of opportunities for further energy savings have been carried out over
the past year and a further €1.2 million has been spent. The most significant projects
include HVAC upgrades, the continued roll out of energy efficient space heating
pumps and the ongoing replacement of florescent light fittings with LED
equivalents.

Similarly, an ongoing list of opportunities for improvement and potential projects;
for the current period, 2022-23, are outlined in the Register of Opportunities (ROO).
The values quoted for energy savings are reasonable estimates and calculations,
and any assumptions made, are carried out on the right-hand side of the ROO
sheet.

One of the highlight action plans relates to the University of Galway 2030 Zero
Carbon Action Plan. The University is formulating a fully costed action plan to
transition to a zero-carbon campus in the next decade. It includes the installation
of a district heating network with geothermal borehole technology employed
(GeoFIT) to provide a primary heat pump related thermal energy source and this is
estimated to cost in the region of €3.4 milion to design, tender, install and
commission (commissioning during October 2023). Other key actions relate to
upgrading numerous fume cupboards; and retrofitting energy efficient motors,
sensors, and hoods/doors/screens, carrying out behavioural change campaigns to
improve the energy efficiency of ICT equipment and reviewing the building fabrics
with the view to improving U-values and the thermal mass of buildings. The latter
action will lead to the reduction of unwanted draughts and ambient noise.

The Register of Opportunities - ROO is an active document with fourteen
opportunities in the ‘Seeking Funding Category,’ twelve opportunities have been
recently approved, seventy-two have been completed. There are also five
opportunities that were reviewed again during Q3, 2022 and these did not gain
approval. These are on hold and are categorised as ‘Not Approved’'. The ROO is
colour coded for ease of use. Table 5 below contains a summary of the potential
projects and their expected savings. This table forms the basis for achieving energy
efficient targets. Targets are reviewed during Annual Management Review
Meetings.
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Table 5:

QLLSCOILNAGAILLIMHE
UNIVERSITY 0F GALWAY

Cost Savings and the average payback periods

Summary of the 2022-3 energy efficient projects; either seeking approval,
approved, or completed, and their respective kWh (1), kWh (e), Kilogrammes of CO2 and

Status kWh (1) kWh (e ) | KgCO2 Capital Saving(€) Pay-
Cost (€) back
Seeking 2,335,570 | 2,064,123 906,176 €1,335,750 €286,440 4.66
Approved 953.197 439,680 1,207,591 €714,000 €262,998 2.71
Total 8,477,635 | 3,881,809 | 9,683,330 | €8,635,705 | €2,300,6718 | 3.75

Table 6, gives an outline of the opportunities for energy efficiency improvements
and are categorised as
Approved/Ongoing or Not Approved. These are colour coded in light brown, light
green, dark green and red, respectively. The following tables should be read in

Seeking

Funding, Approved,

conjunction with the Master ROO as per the Dashboard 2022.

8 Per Annum
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Table 6: Opportunities for Energy Savings and Action Plan (2021 -22)

Noel O’Connor, Michael Curran, Lorraine Rushe, Sean Farrell, Anthony Neville, Kenneth

Overview O’Toole & John Harrington

Project
Approval

Reason Included Comments - Potential Risks Business Unit

Building Engineer and Energy team. The costs
Strategic review of the buildings to look associated with fabric upgrades are prohibitive.

Therm at costs associated with Fabric upgrades | Additionally, fabric will have to be exactly specified and Buildings and APPROVED -

to buildings lessons learnt from the Grenfell Towers Tragic Fire, Estates Ongoing
incorporated into the design process.
Install new LED lighting to serve the BOI Theatre. An ?Lljlgé?rfe(?
The existing lighting is high bay light additional risk will be the H&S aspects associated with g
Elec e . . . . . BOI Theatre happening
fittings and switch control. working at heights. This will also adversely affect Summer of
maintenance and associated costs. 2023

Installation of new energy efficient Air Handling units.

There is a risk associated with not replacing these units, APPROVED -
. Cultural Space )

as they continue to drag down our energy performance Ongoing

in Aras Mac Léinn. On their way - completed Oct 2022.

Existing Direct gas fired units are not
Therm efficient and need to be replaced - Also
put in new roof, 110PV
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4. Estimate of University of Galway’s future energy consumption

An estimate of University of Galway’s future energy usage and consumption has been
carried out. Historical data was collected over the past 10 years and used to carry out
these estimates. As predicted the energy usage and consumption has increased during
2022 (year to date) due to the projected growth in student numbers and research
intensity, however, the increased on-site renewable energy capacity has helped to
offset an increase. The expected energy usage and performance is used to carry out a
budget for energy costs during 2023 and beyond. That increase is factored into the
predicted energy use as outlined on the figures included in Table 7, as below.
Additionally, the predicted energy consumption is itemised and potential factors that
will increase energy usage (more students, research intensity and pandemic related
ventilation rate and occupancy strategies) are accommodated. We are predicting that
energy usage during 2022 will be slightly higher than 2021. We also increased the
level of PV electricity production to reflect our year-to-date PV related energy
production data. From 2023 on we are targeting a reduction in energy use and
consumption by 3% per annum and are planning an increase in solar thermal by 5%
per annum and an increase in PV electrical generation by15% per annum.

Table 7: estimate of future energy usage, generation, and consumption

Estimate of Future Energy Usage and Consumption

MWh -Usage 2022 2023 2024
Electricity 13,410 13,008 12,618
Electricity Generated on-site 408 469 540
from PV
Gas 10,376 10,065 9,763
LPG 404 391 380
Gasoil 311 302 293
Wood Fuels 554 537 521
Solar Thermal 79 83 87
Road Diesel 163 158 153
Transport 0.68 0.66 0.64
Total 25,706 25,014 24,355
EnPI -Consumption
Total - KWh/M2 184.28 178.75 173.39

Conversion factors to calculate the Total Primary Energy Equivalent will change every year
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Appendix A: University of Galway’s AEE Event Poster November 2022

CONFERENCE £ EXPO

SUSTAINABLE
ENERGY AUTHORITY
OF IRELAND

University of Galway,University Road,
OLLSCOILNAGAILLIMHE Galway, Ireland H91 TK33

UNIVERSITY OF GALWAY T353-001:490877
E: michael.m.curran@universityofgalway.ie

W: www.universityofgalway.ie

Sustainability Strategy 2021-2025 sets out our vision and commitment to lead
sustainability across the campus. It’s a roadmap for embedding sustainability in our
culture, operational and governance, empowering champions of sustainability.
Ambitious planned targets to reduce Carbon/Energy on campus over the next 5 years
and through our 1ISO50001:2018 Register of Opportunities and in compliance with the
actions listed in the Climate Action Plan to 2030.

Project Title

Installation of Solar Photovoltaics (PV) across the
University Campus to increase renewable energy
generation on the University of Galway Campus and
meet the targets set out in the Climate Action Plan.

Objectives

The University Climate action plan has set a target of
installing 500kw of Solar PV by 2025 on campus rooftops.
Currently over 250kw of PV panels have been installed in
four locations, Human Biology Building, Aras na Gaeilge,
Arts Science and Alice Perry Building. A further 120kw
will be installed by end of October 2022 on the Cultural
center.

Fig 1: Solar PV Panels on Rooftop of Uni of Galway

Results / Impacts Key Metrics
The installed Solar PV has been in operation for over a

year and is performing very well. The payback period is 1 8 3 ¢ 1 89 kw h

reduced from 3 years to 2 years six months. Impact of the
Solar PV has benefited Chemistry lab which is a higher generated in 12 months for 250kw installation

energy user. The existing installations have been
targeted at high energy intense buildings. k

—— 120,328 kg C02
The implementation of further Solar Pv on campus will Offset

be extended to small domestic buildings owned by the

University, we are investigating the installation of a Solar
PV farm to feed a new Greenhouse installation on

campus. 9000 Trees offset

Date 15/06/2022

P Rialtas na h€ireann
WwWw.seal.ie Government of Ireland|
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Appendix B: Display Energy Certificates

Display Energy Certificate

BER for the building detailed below is:

Alies Perry Engineering Bld
Oliscoil na Gailimhe
Galway

Galway City

Building Type:

Useful Floor Area (m?):
Main Heating Fusl:
Building Environment:

Software Version 5.0

The BER is based on meter readings of all energy used in the

building. The BER and CO, indicators are expressed as respective.
ratios of primary energy and GO, emissions relative to a benchmark that
represents performance

indicative of all buildings of this type. Information

University campue

14145

Mains Gas

Mixed Mode with Mechanical Ventilation

ER is available at www.sei.ie/ber

BER No.: BOOST1659
Date of Issue: g1 0ct2022
Valid Until: 01.Jul 2023

Assessor Mo.:  10ss37

Display Energy Certificate

BER for the building detailed below is:

Stience Research Bulking

Olls¢aile na Gaillimhe, Béthar na hOllscole,
Gailimn

HO1TK33

Galway

Co. Galway

Building Energy Rating (Indicator)
LOW ENERGY USE

>87.5

HIGH ENERGY USE

@ Typical building of this type

Carbon Dioxide (CO,)
Emissions Indicator

BEST

o

50
Calculated
annual CO,
emissions

58.74 kgCO,/m2yr
72.52
A et RUREEE LS )

Annual Energy Use

THIS BUILDING
Non Electrioal Electrical
(KWh/m#fyr) (RWh/m#yr)
14.18 19157
TYPIGAL BUILDING OF THIS TYPE
Non Electrical Electrical
(KWh/méryr) (KWhH/m?yr)
26161 166.4

Previous Building Energy Ratings

200

RATIO
8

==
co.

il

Primary.
Energy.

2021

2022 ]

[ 2021 2022 |

Building Type:
Useful Floor Area (n¥): 8212
Main Heating Fuel:

Building Environment:

Software Version 5.0

The BER is based on meter readings of all energy used in the

building. The BER and GO indicators are expressed as respective

ratios of primary energy and CO, emissions relative to a benchmark that
represents performance indicative of all buildings of this type. Information
i of

Laboratory / operating theatre

Mains Gas

Mixed Mode with Mechanical Ventilation

ER is available at www.sei.ie/ber

BER No.: 800871634
Date of Issue: g1 act2022
Valid Until: 01Jul 2023

Assessor No.: 105537

Building Energy Rating (Indicator)
LOW ENERGY USE

HIGH ENERGY USE

@ Typical building of this type

Carbon Dioxide (CO,)
Emissions Indicator

BEST
0

Calculated
annual CO3
emissions

~ 465:36kg €O /mAyD
86.12

Annual Energy Use

THIS BUILDING

Non Electrical Electrical
(KWh/m?/yr) (KWh/m?/yr)
304 507.81

TYPIGAL BUILDING OF THIS TYPE

Non Electrical Electrical
(KWh/m?/yr) (KWh/m?/yr)
2844 662.24

Previous Building Energy Ratings
200

RATIO
8

2021 2022 |

2021 2022
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Display Energy Certific

BER for the building detailed below is:

Software Version 5.0

ate

The BER is based on meter readings of all energy used in the

building. The BER and GO, indicators are expressed as respective
ratios of primary energy and CO. emissions relative to a benchmark that
represents performance indicative of all buildings of this type. Information

Martin Ryan Institute Annex
Ollcoile na Gaillimhe.
Galway

Galway City

Building Type:
Ussful Floor Area (
Main Heating Fusl:

Building Environment:

of BER is available at www.sei.ie/ber

University campus. BER HMo.: 800871667
(M) 1246 Date of Issus: g1 oct2022
Mains Gas Valid Until: 01 Jun 2023

Mixed Mode with Mechanical Ventilation Assessor No.: 108537

Building Energy Rating (Indicator)
LOW ENERGY USE

>50 c1
>58.5 c2)

218 KWh/m?iyr
=67 cay 5093

>75 D1 >

Carbon Dioxide (CO,)
Emissions Indicator

BEST
o

Calculated
50 annual CO2

emissions

41.55 kgCO, Imayr
51.29

HIGH ENERGY USE

€ Typical building of this type

Display Energy Certificate

BER for the building detailed below is:

Software Version 5.0

The BER s based on meter readings of all energy used in the

building. The BER and CO; indicators are expressed as res|

ratios of primary energy and GO, emissions relative to a benchmark that
performance indicative of all buildings of this type. Information

ER is available at www.sei.ie/ber

Martin Ryan Institute Building Type: University campus. BER HNo.: 800871675
C e =63 Useful Floor Area (m?): 255 Date of Issue: g1 0ct2022
Gaiw - . "

—7 Main Heating Fusl: Mains Gas Valid Until: 01 ul 2023
Co. Gaway

Building Environment:

Mixed Mode with Mechanical Venilation

Assessor No.: 105537

Building Energy Rating (Indicator)
LOW ENERGY USE

c1

2585 c2

246.68 KWh/m?/yr
267 c3) 5763
75 D1 >
>875 D2<>
o —
100 E1>

Carbon Dioxide (CO,)
Emissions Indicator

BEST
0

Calculated
annual CO,
emissions

47.68 kgCO, Im?lyr
58.87

Annual Energy Use

Previous Building Energy Ratings

THIS BUILDING 200
Non Electrical Eleotrical
(kKWh/m?/yr) (KWh/mé/yr)
==
109.22 108.78 2
g 100 oo
-3
TYPIGAL BUILDING OF THIS TYPE prmary
Non Electrical Electrical Eneray
(kWh/m?/yr) (RWh/me/yr)
o
261561

1664 |

2021 2022 |

HIGH ENERGY USE

@ Typical building of this type

Annual Energy Use

THIS BUILDING
Non Electrical Electrical
(KWh/m?yr) (KWh/me/yr)
68.07 178.61

TYPIGAL BUILDING OF THIS TYPE

Non Electrical Electrical
(KWhH/mefyn (Wh/m/yr)
26161 166.4

Previous Building Energy Ratings

200
<} )
- oo
&
 —
Primary
m -
o

2021 202 | |

2021 202 |
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Software Version 5.0 Software Version 5.0

Display Energy Certificate Display Energy Certificate

The BER is based on meter readings of all energy used in the
building. The BER and GO, indicators are expressad as respecti

BER for the building detailed below is:

represents.
on

ratios of primary energy and
performance

ve
O, emissions relative to a benchmark that
indicative of all buildings of this type. Information

Aras Na Mac Léinn Building Type: University campus.
s Useful Floor Area (m¥): 4307
Bétnar na holiscaile, e :

_ Main Heating Fuel: Mains Gas
Gaillimn A £
Gaillimh Building Environment:  Mixed Mode with Mechanical
Galway City

of BER is available at www.sel.ie/ber

BER No.: 800871725
Date of Issue: 01 oct2022
Valid Until: 01 Jul 2023

| Ventilation Assessor Mo.: 105537

Building Energy Rating (Indicator)
LOW ENERGY USE

>87.5 DZ)
[ -

Et > 392.49 kWh/m?lyr
91.7

HIGH ENERGY USE

€ Typical building of this type

Carbon Dioxide (CO,)
Emissions Indicator

BEST
0

Calculated
annual CO,
emissions

76.36 kgCO/malyr
94.28

Annual Energy Use Previous Building Energy Ratings

THIS BUILDING 200
Non Electrical Electrical
(kWh/meryn) (kWh/meryn)
67.39 3251 g o
Z 100 02
« ==
TYPICAL BUILDING OF THIS TYPE p—
Non Electrical Electrical ey
(kWh/m?/yr) (kWh/m?/yr)
o
261.61

2021

166.4 ‘ 2022 ‘

[ 2021 2022

BER for the building detailed below is:

Aras de Brin

The BER is based on meter readings of all energy used in the

building. The BER and GO, indicators are expressed as respective
ratios of primary energy and GO, emissions relative to a benchmark that
represents performance indicative of all buildings of this type. Information
on i i ion of BER is available at www.sei.ie/ber

Building Type: University campus BER No.: 800871626
Béthar na hOliscoile, Useful Floor Area (m?): 2426 Date of Issus: o1 0ct2022
2::"::': Main Heating Fusl: Mains Gas Valid Until: 01.Jul 2023
Co. Gamway Building Environment:  Heating and Mechanical Ventilatien

Assessor No.: 105537

Building Energy Rating (Indicator)
LOW ENERGY USE

Carbon Dioxide (CO,)
Emissions Indicator

BEST

o

Calculated
annual CO;
emissions

>87.5

313.3 KWh/m?yr 61.28 kgCO, Im2iyr

78.65

R e EEEEEE R R

HIGH ENERGY USE

& Typical building of this type

Annual Energy Use

THIS BUILDING

Nen Electrical Electrical
(KWh/m?/yr) (KWh/m?/yr)
26.97 286.33
TYPICAL BUILDING OF THIS TYPE
Non Electrical Electrical
(KWh/m?*/yr) (kWh/m?/yr)
24488 166.4

Previous Building Energy Ratings

200
=
Q
£ 100 o0
=
78.65 Primary
Energy
o
2022 | 2022
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Display Energy Certificate

BER for the building detailed below is:

ratios of primary energy and
represents performance
on

Software Version 5.0

The BER is based on meter readings of all energy used in the
building. The BER and GO, INdICAtOrs are expressed as res|

ve
GO, emissions relative to a benchmark that
indicative of all buildings of this type. Information
of

Anatomy Building Building Type:

ER is available at www.sei.ie/ber

Hospital -clinical & research BER No.: 800871717
T D &l Ussful Floor Area (mé):  ses Date of Issue: o1 oct2022
ﬁ;:”:'(‘;s Main Heating Fuel: Mains Gas Valid Until: 01 Jul 2023
Gatway Building Environment:  Mixea Mode with Mechanical Ventiation Assessor Mo.:  10ss37
Co. Galway

Building Energy Rating (Indicator)
LOW ENERGY USE

Carbon Dioxide (COy)
Emissions Indicator

BEST
0
50
Calculated
annual CO»
emissions
2 73.53 kgCO, /myr
575 D1> 380.2 ks\glgzn lyr
>87.5 D2>
[ e e 00 - - oD
>100 E1>

HIGH ENERGY USE

@ Typical building of this type

Annual Energy Use Previous Building Energy Ratings

THIS BUILDING 200
Non Electrical Electrical
(KWh/m#/yr) (KWh/m#/yr)
==
101.79 278.41 2
E 100 GOy
—
TYPICAL BUILDING OF THIS TYPE Primary
Non Electrical Electrical gy
(KWh/m#/yr) (KWh/m#/yr)
o
457.81

187.2 \ 2021

2022 |

\ 2021 2022 |

Software Version 5.0

Display Energy Certificate

BER for the building detailed below is:

JE. Caims School of Business

Building Type:

The BER is based on meter readings of all energy used in the

building. The BER and GO, indicators are expressed as res|

ratios of primary energy and CO, emissions relative to a benchmark that
represents performance indicative of all buildings of this type. Information
on i and of BER is available at www.sei.ie/ber

University campus. BER No.: 800871709
Oliscoil na Galimne, Ussful Floor Area (m?): 7213 Date of Issue: o1 oct 2022
ZZT,.:M nOtiscoile Main Heating Fusl: Mains Gas Valid Until: 014l 2023
Galway City Building Environment:  Heating and Natural Ventilation Assessor Mo.: 105537

Building Energy Rating (Indicator)
LOW ENERGY USE

122.29 KWh/m?3/yr
28.57

Carbon Dioxide (COy,)
Emissions Indicator

BEST

[}

Calculated
annual CO;
emissions

23.57 kgCO, imviyr
29.1

____-_-__-___o

HIGH ENERGY USE

© Typical building of this type

Annual Energy Use

THIS BUILDING

Non Electrical Electrical
(KWh/m/yr) (KWh/m?/yr)
39.11 83.18
TYPIGAL BUILDING OF THIS TYPE
Non Electrical Eleotrical
(KWh/m#/yr) (Wh/me/yr)
261.61 166.4

Previous Building Energy Ratings

200
==
g 100 hedd
= ===}
prmary
18 16 =
. —= 1
2021 202 | | 2021 2022 |
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Display Energy Certificate

BER for the building detailed below is:

Arts Millennium Building
Cliscoil na Gaillimhe,
Galway

Galway City

Building Type:

Useful Floor Area (m?):
Main Heating Fusl:
Building Environment:

Software Version 5.0

The BER is based on meter readings of all energy used in the
RN o o s cxaccad

ratios of primary energy and GO, e
repruzmspemrmmnmwemau numamgs of this type. Information

ions relative to a lxmn:hmalk that

University campus.
s210
Mains Gas.

Mixed Mode with Mechanical Ventilation

ER is available at www.sei.ie/ber

BER No.: 800871691
Date of Issue: o1 oct 2022
Valid Until: 01.Jul 2023

Assessor No.: 105537

Building Energy Rating (Indicator)
LOW ENERGY USE

Carbon Dioxide (CO,)
Emissions Indicator

Software Version 5.0

Display Energy Certificate

BER for the building detailed below is:

The BER is based on meter readings of all energy used in the

MHIgﬂEEE?andCOzlmimtmsam@(pvmiasra

ratios of primary energy and jons refative to a benchmark that

Mpwmnmlmcalwemau muamgsmmustype Information
ie/ber

Alan Hardiman Science Research
Seience Research Building
Oliscoil na Gailimhe

Galway

Galway City

Building Type:

Main Heating Fuel:
Building Environment:

Useful Floor Area (m?):

of BER is available al www.

Laboratory { operating theatre BER No.: 800871683
8274 Date of Issue: 01 qst 2022
Mains Gas Valid Until: 01.Jul 2023
Air Conditioning Assessor No.: 105537

Building Energy Rating (Indicator)
LOW ENERGY USE

Carbon Dioxide (CO,)
Emissions Indicator

BEST BEST
o 0
Calculated
annual CO;
emissions
50 199.87 kWhim2/yr
Calculated 39.41 Y S0 39.14 kgCO,imlyr
annual CO; 40.09
emissions
48.06 kgCO, Im3lyr
5§9.33
400 1-—- =~ === -~ ]
HIGH ENERGY USE & Typical building of this type HIGH ENERGY USE € Typical building of this type
Annual Energy Use Previous Building Energy Ratings Annual Energy Use Previous Building Energy Ratings
THIS BUILDING 200 THIS BUILDING 200
Non Electrical Electrical Non Electrical Electrical
(kWh/mz/yr) (KWh/mryr) (RWh/rre/yr) (KWh/me/yr)
17.37 134.26 g 2
2 10 co: 13.79 186.08 2 10
= = =
TYPIGAL BUILDING OF THIS TYPE ey e TYPICAL BUILDING OF THIS TYPE
Non Electrical Electrical -. i Non Electrical Electrical
(kWh/meryn) (KWh/meryn) Wh/m?, Wh/rm)
o L ) [ yr) R
261.61 166.4 [ 2021 2022 | | 2021 2022 | 17441

3328 |

2021 202 | | 2021 2022 |
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Software Version 5.0

Display Energy Certificate

BER for the building detailed below is:

The BER is based on meter readings of all energy used in the
building. The BER and GO, indicators are expressed as respective

F ratios of primary energy and GO, emissions relative o a benchmark that
performance indicative of all buidings of this type: Information
on ion of BER is available at www.sei.ie/ber

Human Biology Building Building Type:
Oliscoile na Gaillmhe, Ussful Floor Area (n:
Gailimh - o X
Gaiway Ma.m _Heallng Fuel:
Galway City Building Environment:

University campus. BER No.: 800871842
8000 Date of Issue: 01 oct 2022
Mains Gas Valid Until: 01 Jul 2023

Air Congitoning Assessor No:: 10537

Building Energy Rating (Indicator)
LOW ENERGY USE

HIGH ENERGY USE

@ Typical building of this type

Carbon Dioxide (CO,)
Emissions Indicator

BEST
0o

Calculated
annual CO,
emissions

135.26 kgCO,/melyr
699.32 KWh/m2lyr 132.9

131.42

Previous Building Energy Ratings

Annual Energy Use
THIS BUILDING 200
Non Electrical Electrical
(kWh/méryn) (kWh/méryn
186.47 512.85 2
% 100
<
TYPIGAL BUILDING OF THIS TYPE
Non Electrical Electrical
(KWh/méryr) (KWh/méryn
o
236.75 295.36

2021 2022 | | 2021 2022
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Appendix C: Yearly CO2 emissions continue to fall

Energy-related CO2 Emissions - 2021

‘ 2021 Energy-related CO2 Emissions = 7,331,135 kgCO2

Energy-related CO2 Emissions Since Energy Efficiency Baseline Energy-related CO2 Emissions - 2021

Indicative values subject to revision as target methodology is finalised

20,000,000

15,000,000

10,000,000

kgCO2

0

) S S S S-S SO A
0 ot o R 0 g e e o o ge® o o e o o Electricity @ Gas @ Heating Oils @ Transport F...
= Transport  —— Thermal Electricity ~ ------ 2016-2018 Average
11.3% more than 2020 @ 746,000 kgCO2 more than 2020 @

Appendix D: Summer 2022 Switch Off Campaign

SUMMER 2022

Switch Off

Aa | for

f ~ Summer
SWITCH OFF

before you take off

: . >
Give them Turn off non-essential electrical

a break equipment, lights and heaters
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Appendix E: Sankey diagram outlining the energy usage and consumption at the Engineering Building

Engineering Building
NUI Galway

Gas
B Imported Electricity
I Heat
B On-site Electricity Stack
B Smoke Losses

Solar Hot Water

1.008 MWh

Imported
Electricity

Engineering Building
738 MWh

848 MwWh Boilers

1,592 Mwh

3,624 MWh

Combined Heat & Power Plant Geo Thermal
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Appendix F: Climate Action Plan - 2021; Short-, Medium- and Long-term Objectives and Targets for the Public Sector

* The introduction of a Sustainable Mobility Policy,
* Reduce emissions by 51% by 2030 with Green Teams in every public body,

* Prohibit new fossil fuel heating systems in public buildings after 2023 (No Fossil Fuels),
* Mandate all new fleet purchases to be electric from 2023 (where vehicle type available),
* Improve energy efficiency from 33% in 2020 to 50% by 2030.
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Appendix G: Supplementary Energy usage information - 2021

2021
Fuel Quantity Spend C02 Additional Information
[kWh] (Est.) Emissions
(kg.)
. . AUP ranges from 10.2 c to 35c per kWh ( e) and the average is
Electnicity Imports IHe25,55 el U0 set to increase to 36c/ kWh from April 2023. AUP Used this year is
15.2 c per kWh.
Electricity Generated on-site from PV 355,000 -€53,960 -118,215 Credit by AUP of 15.2¢ per kWh. 313,500 kWh during 2021.
Gas Imports 10,696,613 €663,190 2,162,855 AUP 6.2 ¢ per kWh(th) which have risen to 17.7 ¢ per kWh from
August 2023.
LPG 416,540 €22,285 95,513 AUP 5.35c per kWh (th) @ arate of 7.1 kWh per Litre and this is set
to increase by a factor of 4.5 times, during 2022/23
AUP 6.28c per kWh (Kero) and AUP 6.89c¢ per kWh (heating oil) @
Gasoil - Kerosene & Heating 321,117 €22,125 84,743 arate of 10.1 kWh per Litre, which is set to double in price (at
least).
Wood pellets 571.200 €29 702 0 48 Tonne; @ €255 per tonne, which is set to increase to €420 per
tonne, this year.
Solar Thermal 75,000 -€7,500 -15,165 Negative cost @ say 10c /kWh
Road Diesel 168,019 €17,390 44,340 AUP 10.35 kWh/Lt 15,170 Lt. This is set to double in price (at least).
Transport Biofuels 736 €76 185 C\eugrm.% kWh/Lt 1,156 Lt. Again this is set to double in price this
Total 26,429,778 €2,794,792 6,858,165
Total Primary Energy Consumption 25,428,578 Excluding Renewables
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