« installation of solar tubes to provide natural light to top story classrooms; and small scale wall insulation trials (on one
west facing wall).

Currently, heating is provided on site by two large gas boilers (approx. 2 MW installed capacity). Cooling is provided to
some spaces either by spilt system type air conditioners or evaporative coolers.

6.2 Future: New Build

Mawson Primary: Students reviewed the spatial planning of the main two storey building block, keeping in mind the
structure of the building and how the adaptive reuse of this main skillion roof structural form can be renovated to allow
for a minimum of two additional separate homerooms/classrooms and to be a more energy efficient building with
visually engaging teaching spaces.

Consideration for an energy reduction strategy was investigated through existing materials and construction types with
an emphasis on retaining as much as the built fabric as possible and only demolishing the existing conditions, if a
renovation or enhancement is not possible.

Canberra High: Students undertook a review of the Master Planning of the site as a whole and devise a plan for a
renovation to the existing Library and Technology Wing and the main multi-storey building’s classrooms with a view to
improving the quality and flexibility of the layout of teaching spaces while considering lines of sight and student and
staff accountability and engagement. They also considered incidental spaces between buildings and the opportunities
provided for socialisation and a sense of belonging, which is critical for adolescents to engage and thrive
academically.

General:

In most spaces, indoor environmental control at both Mawson Primary School and Canberra High School is currently
provided with heating only via heating hot water systems. Heated hot water is supplied by large, natural gas fired
boilers located in a plant room and circulated with the use of electric pumps to radiators or small fan coil units in or
adjacent to occupied spaces. In some instances, spaces are also cooled by direct expansion type (split unit) air
conditioning units, however this is the exception rather than the rule and limited to smaller areas of the schools. In
general, ventilation appears to be provided by openable doors and windows, rather than by mechanical systems.

The students recognised that heating is a principal contributor to energy consumption and carbon emissions at both
schools. Student proposals for electric heating and cooling systems included air cooled heat pumps serving the whole
of each campus or localised, direct expansion air conditioning systems installed on a building-by-building basis.

Ground source heat pumps were discussed in studio, however this option was not proposed in final student
submissions, likely due to spatial considerations.

In our opinion, both air source heat pumps providing district chilled and heating hot water and smaller direct expansion
systems serving individual buildings are feasible systems for schools. Both types of system offer similar efficiency: Air
source heat pumps typically have a coefficient of performance of approximately 3 at full load, with improved
performance at part load. A direct expansion system capable of serving a school building (for example a variable
refrigerant volume system) typically has a coefficient of performance between 3 and 4. Other factors including spatial,
acoustic, financial and sequencing considerations, as well as more detailed energy modelling would inform a decision
between these two options

6.3 Baseline vs Best Practice

Students developed a base case model of the existing building and conditions to give an indication of the performance
of the existing building and to calculate the level of improvement of the proposed design response.

The base case model was developed using information gathered by the students through site investigations and
supplemented by typical existing building parameters representative of the building age and the time of construction.

The base case models included the following building specific information.
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Tech Block Science Block Library Senior Block Stem Hub

External Wall R- 0.5 0.5 0.48 0.314 0.24
Value

Roof R-Value 1.8 1.8 0.55 23 23
Floor R-Value 0.75 0.24 0.79 0.07 0.29
Window U-Value 5.8 58 58 5.8 5.8
Shading As Existing

Air Tightness Leaky

Lighting 10 W/m?

Heating System Gas Boiler

Cooling System None

Figure 15: JACOBS Vetting report extract — Comparative data on school environmental performance
Other fixed inputs were used in all models:

e Weather file: Canberra, ACT
e Occupancy: 2m2/person
e Equipment Load: 15W/m?

The graph below, details a range of iteratives and buildings and the exact level of improvement will depend on specific
building characteristics and the level of improvement under each initiative. However, using the graph clear trends can
be seen. For example, by improving building fabric the improvement in EUI can potentially be in the range from 4% to
as high as 40% if using a combination of improvements.

Similarly, the reduction in EUI offered by improved HVAC and efficient lighting and control fell in a range between 14%
and 35% excluding allowance for PV. Nate that an outlier that occurred during the modelling of Mawson Primary
Senior Block indicating that using electric heat pumps will increase the building’s EUI. This is likely spurious due to a
low floor R value being used in the student’s model (0.07 compared with 0.24 to 0.79 for other floors) and should be
discounted.

Percentage Improvement in EUI by initiative

Canberra High Tech Block B R . I I ‘ | ‘ 0 I

Canberra High Tech Block Alternati

Canberra High Science Block

Canberra High Library
- Mawson Primary Senior Block

Figure 16: JACOBS Vetting report extract — Overall Improvement of proposed initiatives against BAU
6.4 Key findings

The energy modelling analysis was used to inform the design process as part of the design studio. The results of the
modelling indicate that by using a combination of building fabric improvements through increased insulation and
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improved performance glazing as well as updated efficient electric HVAC services and internal lighting the building
energy use intensity can be reduced significantly.

The following strategy is recommended:

* Reduce the energy being used by improving building fabric performance and services.
 Switch the energy fuel source by removing gas appliances and switching to electricity.
» Add on-site renewables to offset the electrical energy demand.

* Use carbon off sets or off-site renewables to offset the remaining energy demand.

The proposed building improvements (against ACT Smart Schools program and Sustainability Victoria benchmarks)
for both Canberra High, as well as Mawson Primary are illustrated in the graphs below.

Canberra High School Mawson Primary Schoc

ergy Use Intensity (EU

Figure 17: JACOBS Vetting report extract — Improvement of proposed initiatives against BAU per school

7. CONCLUSIONS

7.1 Conclusions

Approximately one dozen individual School refurbishment projects split across two different sites were worked on as
part of IDS-03. Each project investigated novel concepts to complement the brief (which remained under development
for large portions of the semester) and to consider additional design features that benefit the public and environment.
Students from both architecture and engineering background enjoyed expert input from both the industry consultants,
but also the client representatives who all combine extensive knowledge in the design of such centres. Each design
response tackled the environmental conditions on site and a joint designedly/engineering response in a different way,
providing a rich tapestry of ideas. A small number of those were then carried forward by the participating engineering
consultants as part of their vetting process.

Common goals were tested in relation to consistently capturing energy improvement with the uniform use of the digital
environmental analysis software ‘Sefaira’, in particualr for energy modelling across the studio.

After the final project submission/presentation, the industry consultants engaged in a vetting process to extract the
essence of the most innovative concepts and added more articulation around those. In parallel, the UoM academics
gathered feedback from all project participants about the effectiveness and quality of the integrated design process, to
feed back this information into this 100% complete IDS-03 outcomes report.
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The results of the modelling (vetted by the engineering consultants after the end of semester) indicate that by using a
combination of building fabric improvements through increased insulation and improved performance glazing as well as
updated efficient electric HVAC services and internal lighting the building energy use intensity can be reduced
significantly. The engineering consultants assess that additional improvements are possible through the use of
optimised controls for building services and the use of daylight and occupancy sensors.

APPENDIX A — Engineering Consultant Vetting Report
APPENDIX B — Student Work
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3.2 Canberra High School

Background

Canberra High School was originally
based at the current School of Art at
the Australian National University and
moved to the current site in Macquarie
on 21 August 1969. There have been
many changes since 1938 providing a
relevant curriculum and contemporary
learning environment for students of
the 21st century.

The Site comprises of school buildings TECHNOLOGY
ranging in lifespan from the 1930's.

They include the main two storey
building block with teaching spaces,
Staff Amenities and the Library, the
Hall, Gymnasium and Science and
Technology Blocks.

The 21st century also presents
key infrastructure challenges for
existing school buildings as older
buildings struggle to meet thermal I MAIN ENTRANCE
comfort requirements of a changing
climate and changing expectations
for infrastructure performance in the B cvwasum
education context.

TECHNOLOGY BLOCK

. SCIENCE BLOCK

. ASSEMBLY HALL

Canberra High School
Site Plan
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Building Fabric

Canberra High School was nominated

to be the ACT's first carbon neutral

in 2012. Significant infrastructure

improvements were undertaken at this

time, and comprise:

. upgrade of lighting to LED lighting;

. installation of a 10kW solar array;

. installation of solar tubes to provide
natural light to top story classrooms;
and small scale wall insulation trials
(on one west facing wall).

Currently, heating is provided on site
by two large gas boilers (approx. 2 MW
installed capacity). Cooling is provided
to some spaces either by spilt system
type air conditioners or evaporative
coolers.

Energy Use

Electricity and gas usage data provided
by the ACT Education Directorate for
the years 2013 — 2019 indicates that
natural gas consumption makes up
approximately two thirds of the energy
consumed at this site (Figure 3.2.1).

Like Mawson Primary School, there

is a large increase in natural gas
consumption during winter while
electricity consumption is less seasonal.
(Figure 3.2.2). Again, usage patterns
and equipment known to be installed
on site suggest that the main driver of
energy consumption at Canberra High
School is space heating.

180000

160000

140000

m Gas
Figure 3.2.1:
Canberra High School . e
Energy Mix m Electricity

2013-2019

Canberra High Schoaol Energy Consumption

— 2019 Gz

s 2019 Electriciky

— 2018 G2E.

2018 Electricty
—1017 G2

2017 Electricty
2016 Gas 2016 Electricty

- 2016 Electricky Figure 3.2.2:
—0156= Canberra High School
—— 2015 Electricty Energy Consumed
—2014 Gas 2013-2019

w2014 Electricky
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4.0 Design Brief

This section provides an overview of
the school policy, ACT Climate Change
Strategy and School community as
part of a broader brief for students to
respond to.
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Architecture Firm SOM and Photographer Jame$iiwing/OTTO, SOM
designs first net-zero energy school in New York City'@iggStaten Island,
December 29 2015, New York City,https://www.dezeen'®@gn/2015/12/29/
som-designs-first-net-zero-energy-school-new-york-city/
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4.1 ACT Education (EDU) Strategic Plan 2018-2021

Policy Context

Policy and strategic directions are

key drivers for the modernisation and
enhanced sustainability performance
of ACT Public Schools.

ACT Climate Change Strategy

The ACT is considered a world leading
jurisdiction in mapping the pathway to
a zero- emission future and proudly
has one of the most ambitions zero
emission targets with 2045 the target
year to achieve zero emissions across
the territory's operations.

An interim target to reduce emissions
in government operations by 33% by
2025 sets the scene for cross-industry
collaboration and partnerships to
envision how the target will be achieved
and to explore opportunities for
innovation an creative input.

Additional to this target is the
requirement for all government lease
vehicles to transition to electric vehicles
by 2021 (to take effect as each lease
expires) and the increased focus

on sustainable and active forms of
transport, notable for the commute to
work and school.

The broad randing iniatives under the
Strategy provide a wealth of challenges
and opportinities for school facilities to
explore and implement as leaders in
the ACT community and life of future
generations.

The mission of the ACT Education
Strategic Plan is (2018- 2021) is to

“..develop and deliver educational
services to empower each child and
young person in the ACT to learn for
life.”

From an infrastructure perspective the
key priority of the plan is to deliver
“schools were students love to learn”
through the provision of 21st Century
learning environments.

Contemporary research shows that
learning occurs best when internal
building temperatures are maintained
between 19 -26 degrees Celsius;
without mechanical intervention,

most schools built prior to the
implementation of energy efficiency
standards in the 1990's are unable
to deliver this comfort range without
significant cost impost, owing to a
combination of poor orientation, lack
of insulation and unsealed building
envelopes.
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Photographer Peter Clarke, Albert Park College Liberal Arts Centre, South
Melbourne, 2018. https://www.jcba.com.au/projects/albert-park-col-
lege-liberal-arts-centre

s _ ;
Crosier Scott Architects, Eastwood Primary School, 2017, https://croscott.
com.au/portfolio/items/eastwood-primary-school/
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4.2 Mawson Primary School

School Community

The school currently has approximately
500 students and has been the fastest
growing primary school in the past few
years, whereby all rooms are now used
as homerooms and there are no rooms
allocated to specialist teaching subjects
such as Art/Drama/PE/Environmental
Studies (Science). The school is located
close to the Embassy zone and has
students from diverse cultural and
socio-economic backgrounds, with

the majority speaking more than one
language when at home.

School Brief

The Site comprises of school buildings
ranging in lifespan from (1960's

- 2010). They include the main two
storey building block with teaching
spaces for the Senior students,

Staff Amenities and the Library. The
Preschool Kinder building, the Hall
directly linking to the Kitchen and
Cafeteria, the Demountable across the
oval.

Students reviewed the spatial planning
of the main two storey building block,
keeping in mind the structure of the
building and how the adaptive reuse
of this main skillion roof structural
form can be renovated to allow for a
minimum of two additional separate
homerooms/classrooms and to be

a more energy efficient building with
visually engaging teaching spaces.
Each homeroom/classroom is to be 50
sq m min. if it has access to a shared
teaching space of 20 sq m or be 65

sq m if there is no access to a shared
teaching space.

They also explored options to create
more flexible, 21st century learning
spaces, where staff can collaborate
with the adjacent homeroom in a team
teaching approach, or have access

to shared areas, to allow for smaller
teaching groups.

Mawson Primary School, Canberra, ACT. Digital Image. Google Image.
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4.2 Mawson Primary School

Design Considerations

Consideration for an energy reduction
strategy was investigated through
existing materials and construction
types with an emphasis on retaining as
much as the built fabric as

possible and only demolishing the
existing conditions if a renovation or
enhancement is not possible. so as to
make best use of valuable resources
and limit building materials needlessly
going to land fill. A review of the Master
Planning of the site as a whole and

to devise a plan for a renovation to

the existing Hall and the location of a
new dedicated Art Room facility to best
engage with and enhance the school's
specialist subject curriculum was
undertaken to improve connectivity of
the following buildings:

. This Art space needed to
accommodate two separate classes
(each of 30 students max.) per
teaching period, and allow for
pottery/3-D construction, painting/
textural play, textiles and wood craft.

The multipurpose hall to allow

for a whole school assembly with
sitting room for 70% of parents and
carers and standing room for the
remaining 30%.

The existing direct link of the hall to
the kitchen/canteen, for the serving
of light refreshments and as a way
of fund raising during larger school
events.

The Library space as a flexible
learning hub that caters for both
independent and collaborative
learning, with access to technology
so that some scheduled class times
per year level can be run from this
"learning hub".

1. Suspended ceiling with openable windows
above.

2. Gaps in wall thermal envelope.
3. Thermal bridging. Consider realigning

window line so that the internal steel post is
separate from external window frame. 17
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4.3 Canberra High School

School Community

The school currently has approximately
800 students enrolled in Years 7 to

10 with over 40 different nations
represented within the student
population resulting in a multicultural
school community.

Social and mental wellbeing are key
factors in allowing the junior high
school cohort to engage in their
learning. Students come from

diverse backgrounds and have diverse
interests and space requirements
during breaks from learning. Evidence
from a recently modernised school,
indicates that catering for these
diverse needs in the playground and
spaces used during breaks, can allow
individual and group expression while
minimising peer to peer friction.
Connection of spaces and external
environments should have a logical
flow to destinations that are both
passive and active and maximise the
potential for diverse activities to be
enjoyed, for example, passive meeting
spaces are best located away from
active ball sports.

School Brief

The school's vision is to create a

sustainable 21st century high school

campus, with a focus on the role of the

technology building, a multi-purpose

school library and various social

interaction spaces.

. Current weaknesses — old space that
do not enable flexibility or flow.

« Current strengths —excellent
equipment and a broad curriculum

which would be enhanced with more
appropriate learning spaces.

The evolution of learning
environments is at the heart of this
brief as the school looks to explore the
integration of technology while also
preserving opportunities to learn and

socialise in its absence.

Billrider2013, 'Old New School, New Canberra High School 2', About my
travels on a bike and related thoughts (blog), April 6, 2013, https://billrid-
er2013.com/2013/04/06/old-new-school/
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4.3 Canberra High School

Design Considerations

Students undertook a review of the
Master Planning of the site as a whole
and devise a plan for a renovation to
the existing Library and Technology
Wing and the main multi-storey
building's classrooms with a view to
improving the quality and flexibility of
the layout of teaching spaces

while considering lines of sight and
student and staff accountability and
engagement. They also considered
incidental spaces between buildings
and the opportunities provided for
socialisation and a sense of belonging,
which is critical for adolescents to
engage and thrive academically.
Canberra High School whilst traditional
in structure and function prides itself
on innovative learning.

To compliment this, their STEM/STEAM
offering, which is growing each year in
popularity, requires a larger dedicated
space within the Technology wing of
the school. This space needs to provide
for whole class and smaller focus group
learning where the class configuration
can vary, depending of the task at

hand (e.g. software learning, coding,
robotics, explanation of mathematics
theory, group science experiments,
presentations to peers access to various
shared electronic materials).

The main building contains many
classrooms across three storeys.
Students reconfigured to provide for
greater flexibility for staff and students
to participate in a variety of teaching
styles. The current classroom sizes are
small and constrained and only allow
for ridged furniture placement.
Students studied space planning

to create better linkages and team-
teaching opportunities.

Students considered the following to

address the broad ideas of a Master

Plan, including opportunities of the

Technology wing to better deliver

STEAM/STEAM, the Library as a multi-

faceted learning space and improve the

classroom experience for both staff and
students alike.

. Master Plan in the context of the
strengths and weaknesses and to
align to the school vision.

« Reimagined STEM/STEAM are that

aligns with the school's innovating
learning.

21st Century Library.
Reconfiguration of classrooms for
expansion.

1. Bike enclosure highly used.

2. Outdoor Area, students built the pizza oven
surrounded by lush green vegetation helps with
heat load.

3. Hot water re-circulating fan coil unit fed from
existing boiler.
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5.1 Building Services Overview

In most spaces, indoor environmental
control at both Mawson Primary
School and Canberra High School is
currently provided with heating only
via heating hot water systems. Heated
hot water is supplied by large, natural
gas fired boilers located in a plant
room and circulated with the use of
electric pumps to radiators or small
fan coil units in or adjacent to occupied
spaces. In some instances, spaces

are also cooled by direct expansion
type (split unit) air conditioning units,
however this is the exception rather
than the rule and limited to smaller
areas of the schools. In general,
ventilation appears to be provided

by openable doors and windows,
rather than by mechanical systems.
The students recognised that heating
is a principal contributor to energy
consumption and carbon emissions at
both schools.

Student proposals for electric heating
and cooling systems included air
cooled heat pumps serving the whole
of each campus or localised, direct
expansion air conditioning systems
installed on a building-by-building

basis. Ground source heat pumps were

discussed in studio, however this option

was not proposed in final student
submissions, likely due to spatial
considerations.

In our opinion, both air source heat
pumps providing district chilled and
heating hot water and smaller direct
expansion systems serving individual
buildings are feasible systems for
schools. Both types of system offer
similar efficiency: Air source heat
pumps typically have a coefficient

of performance of approximately 3 at
full load, with improved performance
at part load. A direct expansion
system capable of serving a school
building (for example a variable
refrigerant volume system) typically
has a coefficient of performance
between 3 and 4. Other factors
including spatial, acoustic, financial

and sequencing considerations, as well

as more detailed energy modelling

would inform a decision between these

two options (Figure 1).

Capital requirements
Overall installation cost
Expected economic life
Energy efficiency

Spatial requirements

Maintenance
requirements

Figure 1.

Central heat pumps
Large initial upfont cost
Likely to be higher

20 - 25 years

Generally good, better
performance at part
loads.

Large outdoor
acoustically treated
enclosure. Can be remote
from existing buildings
Lower (small number of
large units)

VRF system

Staggered per building
Likely to be lower

10 - 15 years

Generally good, better
than central plant in some
configurations

Small enclosure / roof

space adjacent to building
served.

Higher (large number of
small units)
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5.1 Building Services Overview

It should also be noted that it is likely
that a transition to all electric heating
and cooling would entail upgrading
the school's electrical infrastructure
(substation, main switchboard, sub-
boards and wiring).

The large area required and

the expensive and disruptive nature of
earthworks associated with installation
of ground source heat pumps
(numerous bore holes or large-scale
excavation) in our opinion make these
systems unlikely to be suitable for this
application.

The students have demonstrated their
appreciation of the various systems
Impacting energy consumption

and included the following in their

integrated design response:

« Orientation and building design
elements to maximise daylight
harvesting.

. Offsetting electricity consumption
with increased onsite generation by
photovoltaic solar panels.

« Use of energy efficient LED lighting
combined occupancy detection
control and creating smaller lighting
zones.

The students have included daylight
modelling as part of their analysis to
optimise their integrated design by
adjusting the building orientation to
minimise solar heat gain and maximise
daylighting to create better spaces
while reducing the amount of artificial
lighting.

The site investigations undertaken at
Mawson Primary School and Canberra
High School indicate limited onsite
renewable power generation. The
students have included photovoltaic
solar panels on the roof in their
proposals ranging from an effective
of 350m?* to 450m? area of panels
equating to approx. 70kW to 90kW
peak system size.

Whilst the inclusion of onsite PV
generation is an ideal use of the roof
space of the proposed development,
further detailed investigation of the
electrical infrastructure and discussion
with the supply authority will be
required to validate the capacity of the
existing system to accommodate the
PV system and approval to connect
the PV system to the supply authority

network. Further detailed analysis of
the onsite generation will need to be
undertaken as the peak onsite power
generation will be in summer months
coinciding when the electrical demand
is relatively lower due to school
holidays and heating systems not in
service.
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5.2 Students Proposal

Maddie Gundry

This project was bold in its design response to demolish
the existing school gymnasium to meet the design

brief however it was sympathetic in its reuse of bricks

to establish a sustainable approach to materiality and a
new language across the site.

Opportunities to explore Carbon Neutrality were
investigated through improving building fabric,,
optimising daylight and improving natural ventilation.

Sarah McConville

This project below was a thought provoking response to
reducing the carbon footprint and energy consumption
through creating a micro climate within the site.

This was achievable through the softening of landscape
as the key design element of the proposal supported

by architecture as subordinate to the swale drain
meandering through the school in between existing and
new buildings working with the site topography fall from
to create new zones for habitat.

Ashwin Gunawardana

This project was elegant in its design response in
meeting the requirements of the studio brief to
achieved carbon neutrality through exploration of solar
panels.

Optimisation of the roof design to create a set of design
parameters that informed the roof pitch to support

the solar panels provided an architectural language
that was entwined with building performance and
demonstrated integrated design thinking without
compromising architecture.
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Maddie Gundry MASTER PLAN STAGE 5

HALL & BER DEMOLITION
@D ;oo cover ReBuLD
H H PRESERVE ALL MATERIALS POSSIBLE
The de5|gn response lnCI‘Uded the P REBUILD WITH INDOOR MULTI-PURPOSE COURT

following proposed initiatives: NEW PLANT LOCATED ON ROOF

« Improved building fabric and the
removal of thermal bridging.

« Replacing existing windows and
doors with timber framed double
glazing.

« Replacing all gas-fired HVAC with
electric heat pumps.

. Add external shading to reduce : JF =
cooling demand in problematic SENOR SCHOOL RENOVATION (f

1 RECONFIGURATION OF CLASSROOMS
north facmg spaces. N UPGRADE STAFF AREAS
.« Improved internal lighting efficiency IMPROVEMENTS T0 BUILDING FABRIC

« Increase the size of the existing PV
array and add battery storage.

LANDSCAPING
UPGRADE PASSIVE SEATING
REPOSITIONING OF PLAY-
GROUND

INCREASE PLANTAR BOXES &
NATIVE VEGETATION
CONNECT GREY & RAINWATER

R

,(‘}

DECOMMISSIONING OF DEMOUNT-

ABLE REMOVAL OF EXISTING DE-
MOUNTABLE

. NEW "STEAM" BUILDING
AN INNOVATIVE & EXCITING SPACE TO
FACILITATE SPECIALIST "STEAM" TEACHING.
INDOOR & OUTDOOR MAKER SPACES
WATER PLAY & VEGETABLE GARDENS SITE PLAN 750

( ; oM 10M 20M

CANBERRA

Maddie Gundry
Mawson Primary
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Sarah McConville

The design response included the
following proposed initiatives:

. Replacement of existing glazing
with improved performance
glazing.

« Improve the thermal performance
of walls, roofs and floors by
adding insulation.

« Replacing existing gas-fired
building services with efficient
electric heat pumps.

« Improved internal lighting
efficiency

. Addition of new PV array.

STEM BLOCK

AdvHa

ASSEMBLY HALL

CANTEEN

SCIENCE BLOCK

SITE A/ LIBRARY AND ENTRANCE

STAGE 1
ZONING
OPPORTUNITIES

STAGE 2
THERMAL
PERFORMANCE

STAGE 3
EXISITING
TREES AND
CURATED VIEWS

5000 15000

OLOGY BLOCK
SITE C/ MAIN TEACHING BLOCK

Sarah McConville
Canberra High School
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Ashwin Gunawardana

The design response included the
following initiatives:

« Improving the building fabric
performance of the building
walls, roof, and floor by adding or
replacing insulation.

« Improving glazing performance
by replacing existing with double
glazing.

« Replacing the existing gas fired
boiler with efficient electric heat
pump systems.

« Improved internal lighting
efficiency.

. Addition of new PV array.

Ashwin Gunawardana
Canberra High School

S
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15m
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5.3 Analysis
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Each building was modelled in either [ Toutknergy b roticost [ o,

. . . i 138,508 'J $24,657 W 69,168 =5 93038 62%
Rhino or Revit and imported to the L i o _ R
Sefaira platform for analysis. © A |
The site location was identified and o A s o ,\ o o
used to select an appropriate weather o it — o o

file along with building use properties
and data produced from industry
standards and guidance.

The results were analysed within the
Sefaira platform to identify the effect
of each initiative as well as a preferred
combination. Energy end-uses
included heating, cooling, pumps, fans,
internal lighting, and equipment.
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5.3.1 Base Case Model

The base case models included the following

Students developed a base case

model of the existing building and

conditions to give an indication

of the performance of the existing
building and to calculate the level of
improvement of the proposed design

response.

The base case model was developed
using information gathered by the
students through site investigations
and supplemented by typical existing
building parameters representative
of the building age and the time of

construction.

External Wall R-
Value

Roof R-Value
Floor R-Value
Window U-Value
Shading

Air Tightness
Lighting
Heating System
Cooling System

Figure 2.

Tech Block
0.5

1.8
0.75
5.8

building specific information.

Other fixed inputs were used in all models:
Weather file: Canberra, ACT
Occupancy: 2m?/person
Equipment Load: 15W/m?

Science Block
0.5

1.8
0.24
5.8

Library
0.48
0.55
0.79
5.8
As Existing
Leaky
10 W/m?
Gas Boiler
None

Senior Block
0.314

2.3
0.07
5.8

Stem Hub
0.24

2.3
0.29
5.8
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5.3.2 Design Model

Each project building was modelled
with several improvements to
investigate the effect on the buildings
energy performance and CO2
emissions. These varied from building
to building however the most common
improvements investigated were:

« Increased external wall insulation

« Increased roof insulation

« Increased floor insulation

« Improved glazing performance
(typically replace single glazing with
double glazing)

. Efficient HVAC services
(replacement of gas-fired
equipment with efficient heat pump
systems)

« Improved internal lighting efficiency
(replacement of existing lighting
with LED's)

. Addition of solar PV to offset some
or all of the building's electrical
energy.

The existing buildings do not currently
have cooling systems installed. The
proposed heat pump solutions would
add this benefit and improve occupant
comfort. Itis noted that this however

would increase the overall buildings
energy usage. By switching to all
electric systems, this increased energy
can be offset though the use of solar
PV systems therefore avoiding any
additional CO2 emissions.

Some buildings have also been
extended as part of a zoning and use
analysis. This would also show an
increase in annual energy usage when
compared to the current baseline
building. The designs demonstrate
that the increased energy usage can be
offset by the selected initiatives.
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5.3.3 Individual Initiative Analysis

The analysis carried out focused on
individual initiatives prior to arriving
at a proposed combination for each
site. The following graph shows the
percentage saving in energy against
the base case model for a range of
proposed initiatives.

The graph adjacent, details a range of
iteratives and buildings and the exact
level of improvement will depend

on specific building characteristics and
the level of improvement under each
initiative. However, using the graph
clear trends can be seen. For example,
by improving building fabric

the improvement in EUI can potentially
be in the range from 4% to as high

as 40% if using a combination of
Improvements.

Similarly, the reduction in EUI offered
by improved HVAC and efficient lighting
and control fell in arange between
14% and 35% excluding allowance for
PV. There is an outlier that occurred
during the modelling of Mawson
Primary Senior Block and it indicates
that using electric heat pumps will
increase the building's EUL.

This is due to the availability and use of
cooling within the model. However by
incorporating other measures this can
be overcome.

Canberra High Tech Block

Canberra High Tech Block Alternative
Canberra High Science Block
Canberra High Library

Mawson Primary Senior Block

25%

20%

15%

10% I I
5%
0% 11 = _

Figure 3.

Percentage Improvement in EUI by initiative
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6.0 Engineering
Analysis &
Benchmarking

ol \

This section summarises the research
work undertaken to outline typical best
practice and leading practice in school
design, and identify typical energy
benchmarks for schools.
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6.1 Benchmarks

An analysis of benchmarking data
allows the proposed design solutions
to be evaluated against existing
buildings and best practice targets.
The benchmarks presented are

taken from the Australian Capital
Territory ACTSmart Schools program
annual reports as well as targets from
Sustainability Victoria.

The proposed project buildings are
indicated including all chosen building
Improvements.

Note that the Sustainability Victoria
benchmarks are provided in kWh/
annum/student. These have been
adjusted based on the proposed
occupancy of the specific building
and therefore there is a separate
benchmark for each project building

Canberra High School

250

200

150

100

kWh/m?/annum

50

Figure 4.

Tech Block - Proposed

Tech Block Sustainability Victoria

Benchmark

Energy Use Intensity (EUI)

18

ACTSmart Schools Report 2017

- All Schools

18

ACTSmart Schools Report 2017

- ACTSmart Accredited Schools

19

ACTSmart Schools Report 2018
- All Schools
ACTSmart Schools Report 2018-19
- ACTSmart Accredited Schools

Canberra High School

Science Block - Proposed

E]

Science Block Sustainability Victor

Benchmark

Library - Proposed

Library Sustainability Victoria

Benchmark

Mawson Primary School

kWh/m?/annum

Figure 5.

Senior Block - Proposed

Energy Use Intensity (EUI)

Senior Block Sustainability Victoria
Benchmark
ACTSmart Schools Report 2017-18
- All Schools
ACTSmart Schools Report 2017-18
- ACTSmart Accedited Schools
ACTSmart Schools Report 2018-19
- All Schools
ACTSmart Schools Report 2018-19
- ACTSmart Accredited Schools

Mawson Primary School
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