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The Brief

The Sell

The Team™

Audits & Reporting

Big Data Analysis
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= Conduct Level 2 Energy Audits (AS3598) for Approx 50
buildings (~200,000sgm)

= Develop Implementation Plan for Building Upgrades



MACQUARIE )}
UNIVERSITY __

SYDMNEY ~ AUSTRALIA

MACQUARIE
UNIVERSITY D

TARGET 2030 START 2012
15,914 T CO,e 32,295 T CO,e

Greenhouse Gases: 50% total reduction
on 2012 levels (fossil fuel powered

wg.,; energy)
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EXISTING EMISSIONS POTENTIAL REDUCTIONS

TOTAL GHG EMISSIONS: 45,707,239 kgCO2/yr
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MACQUARIE )
UNIVERSITY

Detailed analysis of buildings metered data
= Site visits to all buildings
= Energy Audit report for all buildings

= Big Data analysis of results with overall site wide
presentation
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The Team

Hugh Wilson Richard Stokes Afroz Awan
Senior Sustainability Mechanical
Associate Consultant Engineer
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ANIMAL  ENCLOSURE

Legend
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YOUTURBE EMAIL Between the birth of the world and 2003,
there were five Exabyte of information
PINTEREST . users urLoAD  USERS SEND
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Microsoft Excel [ﬁj

Excel cannot complete this task with available resources. Choose less
! data or close other applications,

oK
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e Management
Building

Adjustment and Upgrades
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Adjustment and Upgrades Interactive Results
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Complete Dataset

Time Filters

Filtered Analysis

Power Factor

Power

Energy / Cost / Carbon

v

Your Project Name Energy Dashboard - Electricity

Meter Use

Inputs in Green (Mulple values)

Peak Power 337 kW

il
i)

|
\[I.I‘u|11!f|‘,|' i| AFI

LS s

Logo

Power Profile (kW and kVA)
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! ’ - Load Factor* 0244
o
0.80- Very Poor 0.80 0.70 - Demand Factor # 0286
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Time [March 2013] 4 data points / hour 500 kW
Power Statistics Power Consumption Breakdown Peak and Off Peak Power (kW) Distribution
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Min. Power 6k .
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Min. Power (KVA} SKVA i
00 kW & -
kW f
15 Mar 7 Mar 19 Mar 21 Mar 23 Mar 25 Mar 7 Mar 29 Mar 31 Mar
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Peak Power 376 kVA

Legend

Power (kW)
[l Pover (VA

* Please nole, these
values are averaged
where muliple meters
are selected.

#The Demand Factor
s calculated vith ref-
erence fo the Max
Demand input below:

W Peik

Off-Peak

Meter 1
W vister2
W veter 3
W veter 4
W veters

Umow



MACQUARIE

UNIVERSITY

Umow Lai

Legend

Your Project Name Energy Dashboard - Electricity

Meter Use | (multiple values) .

Inputs in Green

Power Profile (kW and kVA)

% Peak Pover 337 6 KVA Peak Power: 376 KVA
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< % Min. Power (kVA) BKVA
&
13 W
g sk Meter 1
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Detailed Analysis
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Detailed Analysis

/ Peak Power. 201 kVA

ldentify Opportunities

260 kvA
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Sharing the Data

Then provide interactive
energy dashboards

Z We process the
data in house

Provide access to the
building’s energy
data
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» Data from all reports forms results database

= Tableau used to analyse ‘Big Data’ and present conclusions

e l

BMS Excel Tableau i
+

Excel Excel Tableau

Site Inspection
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The audit is being conducted through a number of phases outlined below.
* Phase 1 - Project Initiation (Kickoff & Planning)
Attend workshop & provide Reverse brief in form of a project plan;
« Phase 2 — Energy Audits (Implementation)
- Review available existing building information for all sites;
Determine total consumption over the past 24 months;
- Conduct Level 2 & Level 3 site audits for nominated buildings
- Prepare preliminary report for PCG review and comment
Attend workshop and finalise report and submit to PCG
*» Phase 3 — Implementation Plan {Discuss Recommendations)

- Prepare preliminary Implementation plan to assist with the execution of the
works

Umow Lai
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Upgrade Options

BUILDING/ENERGY

MANAGEMENT SYSTEM: OFHER ENERGY USES:

- LIFTS: SMART CONTROLS

HVAC SYSTEM: - CONTROL STRATEGIES X

- RENEWAL/UPGRADE - SENSING/MONITORING TR e A,
- EFFICIENT PLANT & SYSTEMS - PLANT OPERATION - SPECIALTY EQUIPMENT:
- THERMAL ZONING - LEARNING/OPTIMISATION HOURS OF OPERATION &'
- SETPOINT ADJUSTMENT - SUB-METERING

- INTELLIGENT CONTROL —_— CONTROL

ELECTRICAL EQUIPMENT:

- EFFICIENT PRODUCTS

- OPERATING TIMES

- OCCUPANT BEHAVIOUR

- AUTOMATED CONTROL

- STANDBY POWER REDUCTION

- INTUITIVE CONTROLS

OCCUPANT BEHAVIOUR:
- EDUCATION
1 - SIGNAGE
- INCENTIVE PROGRAMS
Vow /
-

DISTRICT/SHARED SYSTEMS:

- THERMAL STORAGE

- CO-GENERATION =l
- DISTRICT COOLING/HEATING

BUILDING ENVELOPE:
- HIGH PERFORMANCE

FACADE

\ - POWER SHARING
- SHADING DEVICES
- INSULATION - LOAD BALANCING

- BUILDING ORIENTATION

LIGHTING:

- EFFICIENT FITTINGS - LED ON-SITE GENERATION:
- LUX LEVELS & TASK BASED - PV SOLAR

LIGHTING - WIND

- LIGHTING ZONING - DIRECT USE THERMAL

- MOTION DETECTION
- DAYLIGHT SENSING
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METERING TREE - AUTHORITY METER EDB002518

METER LOCATION: E3B

= Metering Coverage and Intensity Varied
|

= Newer Buildings Have Extensive Sub-Metering &
= Older Buildings Typically Authority Meter Only " =
=Four Central CHW Plants Serving Multiple buildings ol o,
=Trigeneration Plant Serving Mulfiple buildings
= No Metering Trees in Place B AUTHORTYUETER

SERVICE: UNMETERED _M SUB METER

SERVICE: AUTHORITY
METERED
SERVICE: SUB-METERED
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Data Analysis

44 Cale
Meter Use C 02

The following charts
which are included for reference anly

Energy o Feak Feak Energy % Off Peak

BET, 326 K'WYh 54% 02,567 KWh 550

Owerall Power Profile - Full Year

300 kW

20 KW

Fower

100 kKW
o kW

10ct13 f Dac 13

1 Feb 14

HVALC Startup - Summer - Typical Week

200 kKW 2
J¥

provide insights inlo the Universily of Macquarie's metered data for the above referenced b

Off-Feak Energy

304,759 KWh

uilding. The bu

Yo Dccupled

487

Appendix A - Smart Meter Analysis

ding report includes scores and specific cormmentary on theae items

Approx. Electricity
Cosi

120,521

In Occupled Hours GHG Emissions

412,826 KWh 849 10028

g,

The power profile for the
building is shown hera on the

ous
insights inlo ilding's
performance can be gained.

1 Aug 14 1Oct 14

iz hiealing, venlilalion and
air-conditicning systems can
consume & large portion of &
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Parameter

Scoring

Analysis

entary

HWAC Startup: Many systems operate 24/7 Ok
_ Base power load typically approx. SOKW - no change by season .
Basze Load Changes: or in holidaysiweskends (around 40Wm2) Poor g
Overnight Load Spikes: Mo significant load spiking overnight Zood ]
Holidays: Motable reduction in consumption over christmas and public halida Poor i

Summer Enargy Consumpticn: Consumplion appears fairly consistent regardless of seasan Ok

Winter Energy Consumption: Consumplion appears fairly consisient regardless of ssason Ok

Shoulder Enargy Consumption: Consumption appears fairly consistent regardless of season Ok

iste i le, | i high b
General Energy Profile: ;izzls.lstpnt daily profile, though only down a quite a high base Ok
This building generally appears to be ulilised as per i1 originally . -
Building Layout and Function: intanded function Good @
Mane
MNane
2.3 Summary of Metered Energy Data Analysis
Overall. on the basis of the metered data analysis the building is scored as -2 on the scale shown below
Score
v
Very Poor Typical Wery Good

Scale: |GGG -2 -1 i 1 2 3

This score forms a portion of the building's overall score.
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Scoring 5.2 Lighting

Actual Conditian: Generally 2x36W T8 ulilised. Some areas highly lit.

Actual Score; C} @ C} D O O D
3 2 -1 0 1 2 a
Potential Score; D 'C} D D D D @

Recommended Upgrade: Replace with efficient {TS ar LED} throughaut

Order of Capital Cost: 590,000 Estimated % Reduction o Peak Elec: 5%

Actual Condifian: Manual controls, Mary areas left on while unoccupied

Actual Score: {:} @ O {:} O {:} D
3 = -1 0 1 F 3
Polential Score: O O O O O O ®

Recommended Upgrade: Inclede occupancy sensors and controls

Chder of Caplial Cost: $12.000 Estimated % Reducfion to Peak Elec: 0%
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» Excel based

= Automated calculafions
* Printed to PDF reports

= Quantified all information
» Generated a database

» Fast and consistent
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Macquarie University Energy Strategy Stage 2 Macquarie University Energy Strategy Stage 2
Building Audits Building Audits
Executive Summary Ranked Building Upgrade Measures

The following table lists the building upgrade measures that have been identfied for Bulding ESB ranked in order of their payback from

Introdustion
shortest ta langest, The measures with payback of less than 10 years have been highiighted and a separate fotal has been provided.

Umow Lai have undertaken an energy audit and bullding survey of Buiding E5B. The work included a building inspectian which was
undertaken on the 11/12/2014 and & delaled review of the available energy dala for the bulding for the period 01/10/2013 19 1/10/20

in genaral accordance with tha Australian Standard AS/NZS:3595:2000. Upgrade | Estimated | ol | Simg
s Buding Gategory e ooy | “Cou | swims | saiogs | paypuck
. ) An audiof the buding
This report provides a detailed overview of the results for Building ESB and should be read in conjuction with the site wide analysis Building ,
MACQU?R'E )}/ a report and bulking survey methodology regors 1 [Equipment Comrots :::;::J:; ;’E g e § 5000 11200 § 1700  3ys |4
UNIVERSITY Now gas ed, possly
Qverview api
2 [Domesic Hot Water ncluding soiarboosthot "Ml 5 goop 780 5 1700 Sys
Building ESE was conslruclod in 1876 39 years ago and was last rofurbishad in 2004. The 1185sqm of useable flaor araa i RERE R Shsd
predominanty Wet Labs spaces across 2 floors. The buling uses elecricly for space heating and electricly for domestihot waler, Include accupancy
The bulding Includes s, Thess detalls were Used to form the benchmark for Bulding E5B and estimats the bulding's eneray 3 Lighting Controls sensorsandcontrols OO 8 12000 18200 8 2400 Syrs
breakdown a3 shoun in the pie charts below.
Inciude COZ sensing and
R 4 |ventiation System eLdeCO2oeneM9 M Conyols 5 13000 10700 5 1600 Oys
B ui Id in g E5 B Figure 1 - Electriclty Consumption Breakdown Figure 2 - Gas Consumption Breakdown
204Wp PV array across  Capita
" =HVAC o 5 [on-site generation oy aeyacross Pemdl 5 a0 24000 § 4300 oys
Macquarie University 5% 5% Space Healing
Sydney Campus Building Energy Audit Lighting o R
eplace with effcient (T5. Capital
=Domestic Hol Water & |Lighting Power Density S 90000 48600 5 830 11y
Equipment stic Hot or LED) throughout Works
mKitehen Sources of haat (servers,
a1 = Domestic Hot Water 7 |other Elec. Use ehillers) could be isclated 3;"‘“‘ § 20000 10400 § 1600 13ys
2% = Other Natural Gas Use either outsice (best) orin *1O™E
= Other Electrical Processes
Ensure operatie vindows
8 [Buiding Fabric arelasonedclosedand M5 5000 1800 5 30 eym
seal windows to reduce  UP0r3d6
Overall Assessed Bullding Performance Full controls upgradeas
by T——— o HVAC U oo s 5 aem s
Overall, Builing ESB has been assessed on Umow Laf's 7 point scale as -2 (where -3 is very poor and +3 is very good). With regards to refurbishment
tolal energy consumption the building used 540 MAh batween 1/10/2013 and 1/10/2014. making it the 29th argest energy consumer on Full controls upgrade as
campus. In tems of speciilc energy consumption, the bullding is ranked 8th worst on campus with an energy intansity of 456 10 |Gooiing Cantrais partof HYAC ol S 100000 13400 § 2000 Nopaysack
Kwhiscmiyear, refurbishment forks
Eull ALC rofurbishment
Several measures wers ideniiied to improv the bulking's performance and il is anficipated that the buiding could improva lo a 3 rating 11 |Heating Effciency shouidbe considarad. 4Pl § 160000 13400 § 2,000 Nopayback
on the same 7 point scale. The measures have been ordered to allow those which are the most affective to be prioritised in future Costs spit across cooling ' O
upgrade works on the following page Ful AC rehubishment
Assessed 12 |Cooling Effici should be considerad. W'“"‘K“ § 350000 13400 § 3,900 Nopayback
Costs spit across coaling VO
Typical Very Good sl I I ) : ) :
2 4 [ 1 2 3
"N 1| - - - - - -
Potential
Gresnhouse Gas Emissions Total (All Measures) § 857,000 184300 § 32400  27yrs
The greennouse gas emissions associated with the operation of Buiing ESB have been calculated. It 5 esimated that f al the Total (Only Measures with Payback <10 Years) § 82000 63,000 § 12300  Tyrs
measures identiied ara implemented  30% reduction could be achieved thrauah bulding upgrades. This could be increased to 34% If
an-site generation was considered. However this would stil fall shor of the University 50% terget.
Figure 3 - GHG Emission Savings Note: Energy consumplion figures are KiWhiyear. Gas consumplion has been converled fom GJ to kWh in order to compare
. energy on a common metrc
600,000 a0 3%
_ 500,000
£ 400,000
5 300,000 +nen University §0% Target
§ 200,000 sassen Banchmark

Actual Potential With On-Site Generation

Report Number: 2
Report Date: 13/7/2015 ngine ’ 3 e

Current at: 130772015 3of19 Current at: 13/07/2015 4ol
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1.0 Building Overview

The following section provides an overview of Bullding ESB including details sourced from the RLB condition surveys and a photo
obained from the University's Tost on campus’ webpages.

Building survey completed by: Umow Lai

Date of survey: 111122014 Benchmarks
Faculty: Science
Total Usable Floor Area (UFA): 1,185 sam Extended Hours:
Available Roof Area: 400 sqm Intensive Equipmant;
Number of Floors: 2 Intensity:|  191.7 kiWnisqmiyr
Building Complation Date: 1976 Total| 227,195 kihiyr
Most Recent Refurbishment; 2004 Peak Elec 137 KW

‘Standalone or District System: E6 CHW Network
Primary Space Type: Wet Labs Gas
% of UFA for Primary: 70% Intensity 0 MJisqmiyr
Secondary Space Type: Office, Admin Total 0 MJiyear

Space Heating: Elec

Domestic Hot Water: Elec Energy Costs

Inciudes Lits: Yes Electric __Gas

Includes HVAC: Yes Energy| S0.15/KWN  $13.01G)

Other items of note: Extensive Lab equiment, Fume Demand:|_$10.5%W .

c

upboards. District Cooling

Figure 4 - Location of Building ESB on Macquarie University's Sydney Campus.

Figure 5 - Photo of Building ESB

Current at: 13/07/2015 s0f19 =
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2.0 Energy Meter Analysis

The eneray meter data that was avallable for Buillding ESB has been analysed in detail using Umow Lar's eneray dashboards, The
following observations provide @ valuable insight into the building's performance.

2.4 Numerical Data Observ:

ns.

The following abservations represent the bullding's key performance metrics and can be compared to good practice.

Paramoter Overall Intensi Analysis
Units__|_Value | _Units
Total Elec. Consumption: 540,376 KiWhiyear 455 Whimfyr | -138%  vstarget >
- Gliyear = Mdmivr 0% Vs target
152 kW 128 wim? 6%  overawg
2 i 61% of peak 100%  overavg
Ovarnight Elec. Consumption: 208,922 kW 176 Wwhimiye | 39% ol total
k Power Overright: 80 kW 68 Wwim? 87% ol typical >
Waekday Elec. Consumpiion: 387,308 kiWhiyr 74,462 kWiiyr 4%  of total
Saturday Elec. Consumption: 71,949 kWhiyr 61 Wihimiyr  90%  ofweskday @
Unoccupied Elec. Consumption: 356,258 kilhiyr 301 wwmiye 6%  of tolal ®
Average Power Factor: 098 na Good ®
Minirmum Power Factor 036 na Good ®
R’ Valus for Tamp. vs Eneray i nia Good ®

* Overright hours between 8pm and Sam
" Gag consumetion based on area weiahted pertien of fotal aas consumelion for metered buildinas adiusted for performance,

2.2 Descriptive Data Gbservations

Tha following table includes the general observations made from analysing the building's electricty data. Examples of charts depicting
the flagged observalions have been included in Appendi A,

Parameter Analysis
Commentary Score
HVAC Startup: Many syslems oparate 24/7 o
Base Load Crangas: 1% POWST 08d bipicall pprox, S06W - o change by season N

or in holidayséweekends (arcund 40WIm2)

Overmight Load Spikes: No significant load spiking overnight Good

Holidays: Notable reduction in consumption over chiistmas and public holida  Poor
Summer Energy Consumption: Gonsumption appears fairy cansistent regardiess of season ok
Winter Energy Consumption: Cansumpion appears fairy cansistent regardless of ssason ok
Shaulder Ensrgy Consumption: Consumplion appears fairly consistent regardiess of season ok
Generet Energy Prfi] S daky B, hough oy doar a i T Gase o
This bulkding generally appears 1o ba Ulised as per lls orighally
Bulding Layout and Function: 1% B4 416 50 Good ®
None
None
2.3 Summary of Metered Energy Data Analysis
Overall, on the basis of the metered data analysis the bullding is scored as-2 on the scale shawn below,
Score
Very Poor Typical Very Good
Scale 2 1 o 1 2 3

This score forms a portion of the building’s overall score.

Current at: 130772015 6of19 =
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3.0 Metering Review

The following tables summarise the building's slectricity, gas and thermal (i applicable) metering capabilities.

3.1 Electricity Meters

Obsorvation Analysis

Sub-mete

Commentary
Eloctrciy s sub-metared wilhin the busding with multphe sub-
9 meters

Melering data of good quality

"G meter o should be of an appropriate standard

Labeling: The labelling on the eleciriclly meter was adequate.

Linked to BMS: The mater s linked o the BMCS.

Good [
Good [
ok
Ok

3.3 Thermal Meters.

Observation Analysis

Sub-metering: Connection ta District chilled watsr , but no thermal metering Poor.
Integrity: None Poor @
Poor @
Linked to MS: None Foor 3
3.3 Summary of Motering Review
Gverall. on the basts of the bullding's metering the bulding Is scared 23 0 on the scale shown below,
Score
v
Very Poor Typical Very Good
scoie: I 2 ] ] 1 2 3

Tris score foms a portian of th building's overal score.
3.4 Additienal Comments on Oceupant Behaviour

No particular concerns aiout the way this bulding is being used by the occupants

Current at: 13/07/2015 Tof1g
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Macquarie University Energy Strategy Stage 2 Macquarie University Energy Strategy Stage 2
Building Audits Building Audits Building Audits
4.0 Observations From Site Inspection 5.0 Building Survey Assessment -
Querview of key energy consuming systems: The various components of Building E5B wera surveyed and have been allacated scores as follows. Actual Condition Al manuel
Mechanical Sarvices: 5.1 Heating Ventilation and Air Conditioning (HVAC) Aelual Score © ° o ° o o o
ESB Includes an array of different split typs AIC systems throughout the facility = = g i 2 g
Many rooms included significant levels of laboratory equipment including process chilers and other heat producing tems 2 Polential Score. (o] o] (o] o] o] ®
Sensitive equipment s included in many arcas that require 2477 conditioning Actusi Coniion: Bk Consiruction & concrele consiruction ,reasonable: percentage of lazing of mediocre
‘Some raom set peints were advised by users to be qualty. Shading bulk into facacle Recommendad Upgrade: Full controls upgrade as part of HVAC refurbishment
Users advised that A/G zones extended across mulile offces, and thal aver-codling was comman Actual Score:
= ) ]
Electrical Senvioes: Potential Score: O O ® O O O 52 Lighting
Generally ghling i achieved through the use of 2x36W T8 fluarescant fitings. ecommended Upgrace " " p —
Some areas appeared significantly over-lit - room 135 for example included 11 off 2x38W lights — otalling 7924 for a 30m? room R ded Upgrad Ensurs operable windows are fastened elosed and seal windows (6 reduce leakage
(26.4Wim2)
rder of Cap 5,000 Estimated % Reduction to Peak Elec o% | Cond Genarally 2636W T8 ulisad. Some areas highiy i
Lighting contre! is generally manually switched - with users noting that they switeh off lights when they leave and back an when they Order of Gapital Cost # Himat Adtual Condtion 4 by
return the next day Actual Seore ® o) o) o) o) o
Notable ltems.from Site Inspection Actual Condiion Fixed autside air where relevant. Mechanical tie! exhaust =z A 0 T Z E]
Computer servers are localed within an office whieh is included in a cluster of 4 offices on a single A/C zone - this means the.
conditaning n 2417 and sfen OverSopis 1 aie areas o MaNIn eS8 GoMPIGTS inan acospiabls smvronment ramson] O o © o o o o o o o o o 0 ®
@ne area includes 2 off wall mounted spit systems, hawever, these urits are not used as they drip condensate when they are umed on
The tacade of ESB is similar o E5A — ncluding some shaing buil into the facads siructure and a fairly significant extent of low qu. = [ ] z 3 Recommended Upgrade: Repiace it efficiant (TS or LED) throughout
fazin
glazng Fotertial score| O o o o o ® o Order of Gaplal Cost. sa0,000 Extimated % Reduction to Peak Elec s
Recommended Upgrade Inclue CO2 sensing and aulside air modulation
ghiing
Order of Capital Cost $13,000 Estimated % Reduction o Peak Elec: o% Actual Condition Manual controls. Many areas lsft an while unoccupied
Cooling Efficiency Actual Score| O @® [e] (o] [e] ] o
Actual Gondition Mix-match of A/C Systems - 5pits etc, - — 7 - - -
Actval Score:| @ o o o o o o Potential Score:| O e} O O (@] O @
=l = 0 i - - Recommendad Upgrade Include occupancy sensors and contrals.
Poenial Score:| O o [¢) o [¢) [¢) @
Order of Capital Cost: $12,000 [Estimated % Reduction to Peak Elec: %
Recommended Upgrade:  Full ATG shovid Costs spit iing & Heating
. ) . 53 Equipment
Order of Capital Cost: $350,000 [Estimated % Reduction to Peak Elec: 10%
Equi| Power
Cooling Controls quipment Densi
clusl Condilion High level of cauipment nstaliation in bulling - fab equipmes
Actual Condition: Al manual controls. Many systems 24 Actual Condil ‘gh level o equipment nstallatior building - ab equipment
]
Nctual Score ® o o o o o o Actual Score: @® [e] [e] [e] [e] [e] O
E £ ]
-2 -1 ] 1 Fl 3 L 2 2 E
]
Potential Score. o] o] @] o] o] o] @® Potential Score: ® ] [e] [e] [e] [e] O
Recommended Upgrade: Specialis equipment required for use of the buiding. No improvement considered worihwnle
Recommendad Upgrade: Full controls upgrads as part of HVAC refurbishment
Order of Capital Cost: $0 Estimated % Reduction to Peak Elec: 0%
Order of Capital Cost: $100,000 Estimated % Reduction to Peak Elec: 0%
N Many items running full time.
Actual Condition Mix-match of AIC Systems - splits eic. Actual Condiion fony ltems running ful! U
Actual Score:
Actual Score | @ le] o le] o o O ® [e] [e] o] (o] (o] o]
=) = T ] z
-2 -1 0 1 2 3 il
Potential Score:
Potential Score| O [$] o [s) o [$] ® et o o @ © o o o
T sl of Tvs bullding and each plece of squipmart may yieid poterial for raducing
Recommendad Upgrade Full ATC should 2d. Costs spiit & Healing Roecommsndad Upgrade cansumption
fr of Capital Cost mate fon to Peak El !
Order of Capital Cost $160.000 Estimated % Reduclion to Peak Elec: 0% Ordor of Capital Coct $5,000 Estimated % Reduction to Peak Elec: o%

= Current at: 13/07/2015 100l 18 =
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5.4 Othor
5.0 Building Survey Assessment Domestic Hot Wator 7 Yotal Energy Consumption and Cost Brasksown
TG VO AP OF LA EAA, Wi Syt 1 Dt oo S0168 8 OB, Actual Gondition:  Hot watsr it s expsctad to ba of signifcant age (na aceass avalale during inspectian) T btol anargy consmplan,slackical povsar damaeet aed otal sy cost ha been cbgarvad o Bikdng E4A andiihe maximum
polanil perfarmance has besn esAmaied an e Basts ol 1 of e ogpcetunies ierfed
51 Haating Vantilstion snd Alr Conditianing HVAC) Actual scorer| O ® [e] [e] [e] [e] O
E) E] G 7 z 3
S Continn aBilam e wotho lovade, Gt i Narh Potential Score:| O o ] o @ Q o 853000 33 SITMON  GGGD 34 SUA000  S29000
Sou i shiting dovens Singn glazns porels Loes : © ®
— ® Sy Y Recommended Uparade:  New gas fired, possibly including solar baost hot water system, depending on demand s . s sena D e e
= 7 T ) 5,000 Estimated % Reducton to Peak Elec: P
0 = o Orderof Gaplal Cost $ slimated % Redueton to Peak Elec * G oo ha been comvertes Yum G 4 Wh i crder 1 SomRate enargy on & camman M.
=] Q Q ® ]
Other Elec. Use
Y T e e e e e
jenkage Actual Congilon, SO 81983 1Uning 2417 1o support smallarry of PC's, Process eiler nstaled wiin Figuen 10 - Enargy Conmurmpticn Brasidawn Figore 11 - Approximate Cost Breskdown
ctual & rsoms.
Ordar of Capital Cast: $8.000 Estimated % Reduction 1o Peak Eler: o i .
rasos] O ® O c o o o o
= =] 0 1 2 E]
R A ——————— -
a Venfiaion Mads howsver systar has bven deack iy Potortal Score| O ] o ] ] ® o R
Recommanod Uparaga. SOUTCES O REST (GETVErS, GITETs) Could 5% SaIATed STREr GUtae (6250 o 1 Sl Warar - G
Actual Soorm: Q @ Q [s] [e] (o] [e] i areas, and provided with local cooling 1005 i
Z £ T I z E] ©rder of Capll Cast 520000 Estimated % Reducton to Peak Elec: 0%
poesaisear] O o o o o ® o sl Greanhouse Gas Emissions
Vunttalion mode b rscammended £ be L In shoulds seszons. Tha BMCS fo b - ) )
e 14 1o T P e s vty e e ond i e oy Actual Condition i Pt Gemertcnn om Exiions (GG hat con be e 2 e cpersfon f Euiking EAA Fave been coklat
Inchats malon dsbictors n {olets 2 mggar shaust fan cperaton. zhite un an Smar s et ok Uty s i S e o 201 bl by 215 Tho
HG enisors from Buldiag E4A shoms s boers eafirted n the besis of al e ertlld fmesiass being replornoried sacept or
Actal Score:
Gndor o Capital Sont S0 Estimated 4 Rodhcton o Peok Elec o O © ° ® © © o ke grwsstion which s boen seperated r caiy
3 & 3 7 7 3
z Patentia Score o ° ) o ° ° - oL e
At © L —— =
P——T—— m ity w s waews ew @
el seers| O o o o @ o o ata ssi7s 131 emaoe e st
— = - = — = Ordr of Gapital Cast w0 Esimated % Reducton 1o Peak Elec E LIEL] s =
[P e ° ) ° o) ® o) Fagure 12 - GHG Emiasion Brasksown Figlrs 13 - Polantisl GHG Ermétaion Bavings
. st T SUR ¥ Ve 3 TEA058 o S e W RSy oF 5.5 Summary of Building Survey Review . “oeess Unborshy 0% Tamat  +++++~ Benchmark
e Upgrse Eediang, ana ravaw o diusarsfor catabiny o
Ot o Cptal ot Yiaso Eatimated % Roduction to Peak Elnc ™ Forthe bulding survey, the building has achieved 2 score of -3 as shown on the scale shown below,
Scare
e G| E¥T g wifin EMES. Al et o e g moshe
epaniess of Very Paor Typical Very Good s
| O O @ 5 o o o Soaie: N2 | o i 2 p
ot Fotenia | WinOn S
= . L . 2 = Ganeraton
roinseon| QO o o o o Tris ecore forms a portion of e building's overall score 7.5 Overah Building Score
Rkt Verdlasion I, o alow mode actalc e ik b e 06 5 st
Ravmandan Upgraga:| kstate Verdlaion I e, sl oo o sl e g ks a e, o g e
e kg s b sesessed a3 o iave 8 5cs8 o1 2 Beiogh the spirsda
Gntar o Capital ot s Esimated % Reuction 12 Paa Elec o .
v
= Vory Pt Typice
st rezoury type Chler umed o ViR STIg 5 il s e 13 s provice .
A € hesing. Reverss Cycis Chiler s insiabed seae N 2 L b 1 =
sctuaisears] O o [2) ® o) o) [3) a
£ = T T z 3 Patentis
P sears| | O 1) 1) ® o) 3] o)
e tclouing seclion prawides analys af i eslimied energy Sk by he upgrate messres i
e e T B 2
[—— et porkemance, refer o Recommendatons secton baiow acoee
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6.0 Energy Savings Identified

‘The table below summarises the previously idenified bullding upgrace measures including estimated capitalinstalled costs, estimated
operational eneray savings and the simple payback for ihese measures. Following discussians with the Universiy, all measures with a
payback of less than 10 years have been recommended as indicated by the ticks and crosses

Upgrade | Esimated | Enargy | Annual | Simpl

Biifing Gategory [Lpprace Catogory | Cost | Savings | Savings | Payback -
Ensurc operob windows

Suising Fabric arclsienedclosedend | M g0 1s00 sw0 ey
seal windows to reduce pgrades
Include €02 sensing and

entaton Sysam oo CORsensmand o a0 070 | s | o
Full AVC returbistment

S— sdom s S e joun 5500 Nopbek
Cosis splt acrass coging WOrks
Follcontos upgradeas

S— bt SO oo a0 2000 oy
refurbishme orks
Full AC refurbishment

W Ssdon st S0 oo a0 wepmees
Costs splt across cooling_ Werks
Follconvols upgrage as

S—— reotmmine S gomm s -2y
refurbishment orks
Replace with aficient (TS Capiial

Lighting Power Density el Conol | snoon | 48600 S8%00 11y

Lighting Cortrols \ncluda accupancy Controls | $12000 16200 52400 ~5yrs

sensors and controls

Specialst equipment

Equipment Power Dansity raguired for use of e Nane 0 o 0 -
buiding, No improvement

An sudiof the buiing

Equipment Gantrots and vach pieco of Bulding | cooon | 11200 st7e0 | -ays |
equipment may yield Use
New gas fred, possibly

Domestic Hot Waler includng soarboosthot S gao00 7m0 | s100 -5y
water system, depending orks
ources of heat (servers,
[Other Elec. Usa ehllers) could be solted o4 T $20000 10400  $1600  -13yrs
cither outside tbestjorin O3
(Cther Gas Usa & Nane 0 o 0 -

i 200Wp PV array across  Capital _ ,
on-site generation ARl ro e ol saa000 24000 54800 ayrs
Buiding Layoul and Funclionality 0 0 -

0 .

0 .

0 -
Total SBSTO00 184300 $32400  -27yrs

* Payback s calcuated by dividing the esiimated cost by the annual savings to delermine the approximate number of years that it would
take for the cost ta be paid off This does not include consideration of inflation, discount rates, fusl price escalstion, maintenance,
ranewal stc and further defalled study is racommended for measures (o b considerad.

Curment at: 13/07/2615 120118 5

Macquarie University Energy Strategy Stage 2
Building Audits

7.0 Results

On the basis of the building's usage type and assessed performance the braakdawn of electricity and gas consumption has been
‘estimated a5 summarised by the following tabes and charls. Additionally the potential energy cansumption has been estimated on the
basis of al of the measures being implemented as well as Greenhouse Gas Emissions.

7.1 Elecrical Breakdown
Actual Maximum Potertial
g0 T % %
HVAC 25% 24 26% 139000 25 8% 68,000
Lighiing 2% 20 2% 130000 30 ™% 65000
Equipment a0% 30 az 226000 30 s6% 214,000
[Domestic Hot Water 5% 20 5% 26,000 10 5% 18,000
(Other Elsctrical Procasses 5% 20 5% 26,000 20 % 16,000
Total Electrical 100% 25 100% 540000 28 100% 380,000

* Typical breakdown from Council of Australian Governments (COAG) National Strategy on Energy Eficiency - Baseline Energy
Consumption and Greenhouse Gas Emissions In Commercial Bulldings in Ausiralia. Part 1 - Report. November 2012

Figure 6 - Electricity Consumption Breakdown Figure 7 - Potential Electricity Savings.

<seees Bonchmark
hac 500,000 0% pes
5% 5%
25 500000
Lighting .
i 400,000
Equipment £ amon
41% = Domestic Hot Water = 2000
" 100,000
% = Other Electrical Processes
o
Acusl Potential | Win On-Site
Generation
7.2 Natural Gas Energy Breakdown
Actual Maximum Potential
Cal B e
Space Heating 0% 0.0 0% 0 0.0 0% 0
[Domestic Hot Watsr % 00 o% o 10 o% o
Kitchen 0% 0.0 0% 0 0.0 0% 0
Other Natural Gas Use % 00 % o 00 o% o
Total Natural Gas o% 00 o% 0 00 o% o

* Typical breakdonn from Councl of Australian Govemments (COAG) National Strateay on Energy Efficiency - Baselne Energy
Gansumption and Greenhouse- Gas Emissions In Commercial Buidings in Ausiraia. Part 1 - Report. November 2012

Figure 8 - Gas Consumption Breakdown

igure 9 - Potential Gas Savings

+eeses Benchmark

% 1
Space Heating 7
= Domestic Hot Water H
i
akitchen g o
= Other Natwral Gas Use B
o

Actual Fotential
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7.3 Total Energy Consumption and Cost Breakdown

The total enerdy consumplion, electrical powar damand and total running cost has been abserved for Bulding E58 and the maximum
potential performance has been estimated an the basis of all of the opportunities idenified.

Actual Maximum Patential

Energy Use. 2 r Savings
Electricity 540,000 152 $100000 380,000 125 $73000 527,000
Matural Gas 50 $0 50

Total 540,000 - $100,000 380,000 - 573,000 527,000

Gas cansumplion has been convertad from GJ 1o KWWh i arder to compare energy on a comiman metric

igure 10 - Energy Consumption Breakdown Figure 11 - Approximate Cost Breakdown

0%
o%
= Electricity 9% nElecticiy
Demand Charge
mhatural Gas
nGas
100% ot

Total Greenhouse Gas Emissions

Tha total Graenhouse Gas Emissians (GHG) that can ba attributed ta the operation of Building ESB have baan calculated in order to
establish a baseline. It is undarstand that the University is targeling a 50% improvement upon a 2012 bassline by 2030. The potential
GHG emissions from Building E5B shown has been estimated on the basis of al the idenified measures being implemented except on-
site generation which has been seperated for clarity.

Actual Maximum Potential Savings
reonhouse Gas g kg aCOlyr | kaCOassam | kaCOlyr | kgCoisy %
Electriciy 567395 479 39022 A E T T 30%
Natural Gas [} o [} [} 0%
Total se730s  a7a 39902 a7 168373 142 30%
Figure 12 - GHG Emission Breakdown Figure 13 - Potential GHG Emission Savings
wevare Unversity 50% Targst +eeeee Banchmark
%
uElectricly 00,000
. 500000
£ 400,000
& 300000
= Naturai Gas S 200,000
100% = 100,000
Actual Potential  With On-Site
Generation

7.5 Overall Building Score
Overall, on the basis of the metered data analysis, the building metering and the building survey, the building is scered as -2.1 as shown
an the scale below, The buling has been assessed a5 having the maximum patental to achicve & scare of 3 thiough the Uparade
messurss denified
Overall
v
Very Poor Typical Vary Good
Scolc: NN~ 2 1 0 1 2 3

.
Potentisl

The following section provides analysis of the estimated energy savings by the upgrade measures identified 1o achieve this potential
score,

Current at: 13007/2015 14019 =
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Macquarie University Energy Strategy Stage 2
[:!

Macquarie University Energy Strategy Stage 2 Macquarie University Energy Strategy Stage 2
ing Audits Building Audits Building Audits
8.4 Cumulative Impact Analysis
8.0 Further Analysis ¥ 9.0 Conclusions
Gonsidering the cumulative cost and savings &nabled by IMpIEMENting the MEASUTES In IhEI raNked order We can Show the diminishing
The follawing sections xpiore the bulkling Survey and energy aUdi r6Sults further, cOmMParing the cost efectiveness of the biilding returns from the leas! effeciive measures. The most cost efiectve measures should be pricrtised S8 is showing as the highest energy intensity budding on campus of thase audited 1o date
Uparade works identifed, the range of savings and payback from implementing some or all of these measures and hor the buiiding “This s reflective of the Nigh density of Iaboratory and specialist equipmen, the ac-hoc naiure of much of the aif conditining system,
compares to the rest of the University of Macquarie Campus. . \ and the fact that the buiding is essentially runring as a 2417 operation.
Figure 17 - Cumulative Gosts vs Cumulative Savings Although there is melering information for the building, there is no other BMS data to analyse, or to provide the ability to review and
control operations
31 Cost Bonefit Analysis Top 3 Measurss Mid-Rangs @ Bottom 3
The cost benefit analysis for the identifed upgrade measures for Building E5B demansrates that some measures are mor effective 335,000 Several measures have boen Kentifed toimprove the performance of the buiking, some of which have a payback of less than 10 years
than athers. Th top 3 {bast payback) and tha bottom 3 (worst payback) measures hava bean listed , sw000 . * 25 per the Universty preferenca.
) E ssom . rdcucd in thes s a full HVAC refurbishment, which s a high cost sxarcise, but would ofler the chanc t reconcle al e mecharical
Figure 14.- Cost Benefit Analysis for Potential Upgrade Measures P sm00 Systams, procsure a delvery o o valy iprove bth the oficisncy and carmfort I the blding. e anicipat hat s WL occurr
@ at the next major refurbasnment, though if nene is planned, it might be worthy of consideration regardless,
. . £ stsom
Tood Betom 3 Otbers 2 oom T nbopeid svings o e e e e nck i of i 1 i 1 Liors B0t recction i
400,000 Tops H p Greanhouse Gas Emission baseline. Therafora it s recommended
I 55,000
350,000
LB - 1. Equipment Contiols . - All measures with a payback of less than 10 years are considered in defall
§ s 2. Domesiic Hot Waer S0k $100k §200Kk $30K $400k §500K  $A00K $700k §a00k  $900K $1,000k - Measures with a payback o1 10 years or more ar considerad at the naxt major refurbishmant for the bulkding.
S ses0.000 3. Lighting Cantrols : - The remaining Graenhause Gas emission reductions raquired to achieve the Uiniversity 50% reduction target are considared on a site-
T 2000 Cumulative Costs wide basis
g . Eottom 3
5 : :gggg ) 8.5 Total Energy Consumption Compared to Rest of Campus Please refer (o the site wide report for further information on overal strategy,
350,000 10 Govling Gentols The tolal energy consumption of the: building can be compared to others on campus in order to identiy the major users of energy for
N Heating Efficiency priortsing upgrade works. Further datail wil be provided in the site wide analysis report.
>e b Goviing Effciency
B 52000 $4000 36000  $8000  $10,000
Annual Savings Figure 16 - Total Energy Cansumption (540 MWhiyear) Compared to Campus (Rank 28)
8.2 Tatal Estimated Enargy Savings s Al Data - Ranked by Total Energy Buiding E55 Average
5 10000000
allowing on from he provious chart, this analysis looks at the total anergy savings that are estimated from the top 3 measuras 2
cuuer_lwely (green), all measures excapt the botiom 3 forange) and all measures (red). g5 80000
2 £ soonoo0
Figure 15 - Total Estimated Availabls Energy Savings from Bui 52
2% somon
5 2000000
$120.000 §5.900 524,500 §32,400 2
u a
Be 100000 z 185 7 8 T TR 2 2257 B0 W % ¥ 4 4 BB E S
23 se0000 1
I
3z oo 86 Es Intonsity C: d to Rost of C;
EH norgy Intonsity Compared to Rost of Campus
3 s W ¥ Comp "
520,000 The energy intensity considers the effiiency of the bulding and allows the leas efficient spaces fo be idenified
B
Actual Top 3 Measures 1 But Bottom 3 il Measures Figure 19- Energy Intensity (456 kWhisamiyear) Compared to Campus (Rank 8)
83 Ectimatod Payback s Al Datla - Ranked by Energy Intensity Building E5B Average
~ 1500
On the basis of the same categories from the previous chart, the payback has been estimated. It is evident that the top 3 measures £3
ava e shortet payback E5 1o
EE 7
Figure 16-Net Prssent Value Showing Simpl Payback ig
§5 ™ .
——Top 3 Measures AIBULBONOM 3 = Al MaSUTES -4
5200,000 0
| 135 7 9N 5T D BT DN N BT 0 A 4T 5 66
] 50 e —
2 13 2 4 456 7 8 9 W0 1 12 W W 15
S s200000 87 Limitatiens
£ su0000
H The figures presented i this analysis re basd on the buiding survey and msiered data analysis complsied by Uriow Lai for ihe
£ 00000 purpase af identiiying the most cast effective energy saving measuras that could b appiied ta this buiding, The anergy breakdewn is
g se0000
£1,000.000

Vear

Current at: 1300712015 150119 = %

Current at: 130772015 160719

Currant at: 13/07/2015 170f19 =
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Implementation Plan

"Where"

- Location of works to
be undertaken

"What"

STA RT 2 0 1 2 = Initiative description

- Type of work required
(culture change, strategy,
construction, etc)

TARGET 2030

- Budget considerations

Ilwhvll

- Estimated energy
reductions

- Estimated

Greenhouse gas
emissions reductions

Ilwholl

= Inhouse responsibility
to implement

- Predicted r unning
cost savings

Implementation
Plan
- Extent of work
. required
Slgn Off - Impact on
'/ building operation
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Chart Variable Selected Data
Upgrade Cost M

Scores

=0

Absolute (Total) or Intensity (per sqm)

Absolute

B Overall Categories
O m
W19F o4l
E14Q5q40 @ (Al
) /A
s E14A HVAC
E14B Lighting
12A Equipment
E12B
& E12C Other
A On-site generation

W10A E11A Custom

Upgrade Categories

Py SR

il ﬁ?a @ (Al)

J Building Fabric

o E8C Ventilation System

@ Cooling Efficiency

E68 Cooling Controls
Heating Controls

Esp E6A Heating Efficiency

W6D WSA w24a

D W68
Y6A WeA @
wsc
Y4A E3B

ESA

Lighting Power Density
Lighting Controls
3T E3A ¢ Equipment Power Density
2 Equipment Controls
Domestic Hot Water
YaA
" On-site generation
e Other Elec. Use
o Other Gas Use
0
Building Layout and Functionality
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Selected Data
Chart Data

GHG Emissions » 33
Scores i

Absolute (Total) or Intensity (per sqm)

Intensity v

Overall Categories

@ (Al)

WASF

Custom
Equipment

HVAC

Lighting

On-site generation

w
W10A ETA Other

Clinic (F10A)
Upgrade Categories

@ (Al)

Hospital (F8A)

Building Fabric
e csa E7A
X5B L Building

ayout and Functionality

WsA Cooling Controls
ESA E6B =

A Cooling Efficiency

ESB EBA Domestic Hot

WBA

Equipment Controls

Y lipment Powe ensi

& c3A Equipment Power Density
£48

Y3A

‘entilation System
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Chart Data

GHG Emissions -
Scores
3.0 3.0 Absolute (Total) or Intensity (per sqm
>0 I — lute (Total) or Intensity (per sam)
Intensity -
WA1SF
& E14A
E14B
E12A
E128
a E12C
w,
W10A E11A
Clinic (F10A)
rfi Hospital (F8A)
C7A E7B
C8A ETA
ESA E6B
csc .
ESB
YBA
L F5A
E:
Y4A 3B
c3c E3A &8
E4A
Y3A

@

Selected Data

Overall Categories

(Al

Custom
Equipment
HVAC

Lighting

On-site generation
Other

Upgrade Categories

(A
Building Fabric
ooling Controls

ooling Efficiency
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Chart Data
GHG Emissions
Scores
3.0 _ — 30 Absolute (Total) or Intensity (per sqm)
'
Intensity
W1SF

-

W10A E1MA

Clinic (F104)
W& Hospital (FBA)
E7B
E7A
X5B
WeED' SA E6B
WBA
= Es8 E6A -
E3B 2
Y4A
E4B
Cc3C E3A E4A
¥3A.

Overall Categories

(an)
Custom
Equipment
HVAC

@ Lighting
On-site g
Other

Upgrade Categories

ghting Controls

ighting Power Density
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Greenhouse Gas Intensity Analysis

Key
The greenhouse gas intensity (kgGO2 per sqm per year) for each building has been ascertained from the smart meter data -
GHG Intensily
This can be compared to the estimated potential GHG emissions which has been calculated on the basis of the energy audit work underiaken [l Potential GHG Intensity
The building's have been grouped with those which have similar primary space types and those with and without HVAC in order to ascertain which are
above and below average
Primary Space Type / HVAC / Building
Dry Labs, Specialty, Learning, Libraries Gynas.. Office, Admin Teaching, Classroom Wet Labs
Yes Yes | Mo Yes Yes Yes

1100 1100

1000 1000

200 200

800 800

700

|| Average
S 600
T

300

Average
200 Average Average Average
100 Averagc
: mll | l
Q a 9 a a 9 < Q a @

E4B
EBB
E8B
ESA

£

E14C

E14D
E11A
E12B
E12C
E14B
E12A
E144



MACQUARIE )
UNIVERSITY

Greenhouse Gas Intensity Analysis

This can be compared to the estimated potential GHG emissions which has been calculated on the basis of the energy audit work un-

dertaken Key

The building's have been grouped with those v similar primary space types and those with and without HVAC in order to as- GHG Emissions - Intensity

certain which are above and below average _ ) .
M GHG Emissions - Potential - Intensity

Space Primary Space Type: [ Includes H I Building
Com
mon
Spa.. Dry Labs, Specialty, Learning, Libraries Gyn.. Office, Admin Teaching, Classroom Wet Labs
ves ves Yes Mo ves s Yes
1100 1100
1000 1000
500 S00
800 800
g 700 700
2 soo 600
< Average
2
2 500 00
|
fir
D ap)
Q400
] z

Avera

Average

300
200 Avera 200
A
Average Ve
B I I I I IAverﬁI I I I I I I I N
L A | AHH C3A Clini \ |: 78 W1GF

CSB CTA E3A E3B EZA E14C E14D Hospi W24A Y3A V44 W E4A E4BE EGB EBB E3C E11A E12B E12C E14B V WEE XS5B YEBA ESA E1ZA E14A WSA WSC W F7B ESB
tal (. (F10..

i
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Total UFA (sqm)

W18F

1000

800
#* 700
§ 600 E6A
T
o ESB
o
Q

400 F7B

300 EN4C

Ean ESC C10A
EBA Clinic (F10A)
WS
Average GHG Emissions - Actual - Intensity Hospital (FBA)
200 A - ~TENA
E148 CaA E3A
ET]
BT g2 CSA W1DA
5 E12C
00 " E4B ggp WEB b -
WED L} Y3A
E7A 0SC WeA AHH
C3A c7A
0 Average Total UFA (sqm)
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GHG Savings
515,000,000

Heating Efficiency
Cooling Eficiency

62,085

Bailding Fateic 500,000
Other Elec. Uss '

510,04

Lighting Power Density

Heating Cotiighiéng Controls

On-site generation Building Category

Equipment Conirols
. Domessic Hof Water
Equipment Power Density

Coaling Conirols

Wertilation System
Equipmen Controls

50

510,

Running Sum of Upgrade Cost

ing Powear Dansily

rElec. Use
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This chart features in the i jual building reports, but is als interesting for considering the campus as a whole. By ordering the
building upgrades with those with the shortest payback to the left, we can see how far a certain amount of capital expenditu ould go
en the returns become diminish hen the trend is flat)

The total annual cost savings are mulfiplied & able in order

show the total cost savings after s

The size of the circle represents the extent of GHG emission savings available

1,000,000

$10,000

<
£

Lighting Controls
Other Gas Use
Domestic Hot Water

On-site generation

Equipment Power Density
Heating Controls

Cooling Controls

Ventilation System

50 Equipment Controls
50 51,000

$3,000,000

55,000,000

GHL savings

NPV Period 1,082

10 yrs 0,000
1 000

1,401,443

Heating Efficiency
Building Fabric
Other Elec. Use
Lighting Power Density
000,000 §7,000,000 000,000 $10,000,000

Running Sum of Upgrade Cost

512,00

000

@ (Al
Arts
Chancellary
Library
MGSM
Other
Private
Science
Science & Tech

Building

(A

Cooling Efficiency

513,000,000

m
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Ine simple p: Is gefined as tne NUMDET Of years tnat It takes 1or the capital expenaiture to be ofiset by the esumated annual Cost Savings 1or eacn
d Payback Target HVAC
) Lighting Overall Category p
implementing each upgrad 10 years
L — Equipment
Through toggling the payback target a line can be drawn across those measures which may be worth considering i <[> Other V] (Al
V] HvAC
Highlighting desirable measures returns a total upgrade at the foot of the screen. On-site generation 7] Lighting
V] Equipment
V] Other
V| On-site generation
7] Custom

Building Category
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Building Fabric
Ventilation System
Cooling Efficiency
Cooling Controls
Heating Controls
Heating Efficie:
Lighting Povier Density
Lighting Controls
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Payback Target 10 years
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This chart plots the simple p
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This chart plots the simple payback for each measure against the estimated cost of implementing each upgrade. Payback Target HVAG

Overall Category
Through toggling the payback target a line can be drawn across those measures wi

considering.
5 years

Hij

lighting desirable measures returns a total upgrade cost at the foot of the screen.
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This chart plots the simple p

each measure against the estimated cost of implementing each upgrade
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This chart plots the simple ¢ ck for each measure against the 1enting each upgrade Payback Target M Lichting
Through toggling the payback target a line can be drawn across those measures which may be worth considering. [5 years
5 years
N . - . - @
Highlighting desirable measures returns a total upgrade cost at the foot of the s {} <>
.
®
=] ®
25.0
-
®
o
®
o
.
®
®
) ¢ ¢ @
®
@
* L
@ ®
10.0 L
®
]
L]
L]
L
oo

Overall Category
ANy

Custom

Equipment

HVAC

Lighting

On-site generation
Other

Building Category

(&

Building Fabric
Cooling Controls
Covling Efficiency

Domestic Hot Water

Equipment Controls
Equipment Power Den...
I

Heating Controls
Heating Efficie:
Lighting Coi
Lighting Powsr Density

Is

On-site generation
Other Elec. Use
Ventilation System



MACQUARIE

UNIVERSITY

=y

e e e s

This chart plots the simple [ timated cost

nenting

h upgrade. Payback Target M Lighting
N Overall Category

Through toggling the pa: target a line can be drawn across those measures which may be v

considering

Highlighting desirable urns a total upgrade the foot of tt (Al

Custom
Equipment

On-site generation
Other

Building Category

(A

Building Fabric
Cooling Controls
® Cooling Efficiency
200 Deomestic Ho
Equipment Controls

er

® Equipment Power Den
Hesting Controls

Heating Efficie:
Lighting Controls
- - Lighting

¥

er Density

® On-site generation
Other Elec. Use

* .\
“entilation System

540

$60




MACQUARIE )}
UNIVERSITY __

WEY ~~ .
Umow Lai

5.9 ExamPLE INITIATIVE — LIGHTING POWER DENSITY | Upgrade Cost vs Payback
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Space Primary Most Recent
Space Type: Refurb

Secondary

Do Space Type:

Building

Faculty

Completed Total UFA (sqm)

GHG Emissions Split*

Equipment

Other

HVAC

Lighting

Building Category ~ Upgrade Detail

On-site generation

Lighting Controls  Full

g, motion and light le

Lighting Power

LED)
Density o

Cooling Controls dules for chill

Ventilation System

Includes Lifts:

Elec Savings (kWhiyr)

_ Includes Space
HVAC: Heating: Water:
ves

Building E8B Upgrade List

Gas Savings (GJiyr)

DEncnmark Assumpuons

Domestic Hot

Other items of note:

Building E8B Location

O

ESB

Total Cost Savings

s

Electrical Benchmark (kWhiyr)

Upgrade Cost

Peak Electrical Demand

Gas Benchmark (GJiyr) Benchmark (kW)

GHG Saving Potential*

171,004

r

108,688

GHG Emissions

Simple Payback . GHG Savings (kgCO2/yr)
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Overall GHG By Faculty

Faculty
B Arts
B Chancellery
B Human Sclence
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B MGEM
M Other
M Private
B Science
E4B - Science & Tech
| Other
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Overall GHG Emissions Review

Looking at the whole campus combined (for the building's included to date) the potential GHG reductions from all of the energy saving measures identified
is not sufficient to achieve the University 50% reduction target by 2030,

These figures currently do not include PV and are subject to change.

Maximum GHG Emission Potential vs Targets

asm
33,256,830
30M
26,673,565
25M

10M

5M

oM

Actual GHG Potential GHG
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= NABERS Energy Tracking

= PV and cogen feasibility

= Existing building performance analysis

= HVAC Condition Audits

= Analysing and presenting modelling results

= Mapping our projects on the website
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ACU Thermal Comfort Analysis

Class T ey
Glass Type
SHGC 0.35 EC Glas Iy
e — - =8 The thermal comfort modelling results for the proposed stair at the Australian Il outgoor Dry Bulb
. - 137-2°C 372G Catholic University (ACU) building on Victoria Parade are shown below. . PMV
& | Zone Mean
£300°C ‘ ‘ | ] | The resulis have been filtered for occupied hours (8am to 5pm) in the summer Zone Mean Alr Temp
a || | Hk | f | HJ menths of January to I nly for a typical year (hourl ather data from 2002). Zone Mean Radiant Temp
& Average 20, 9 'C A l | J
5 200°C 0 i Wt/ | | | The inputs marked in blue can be toggled to further filter the resuits
5 H T 'w LY \ ‘||J‘ - e —Y
S 100 Minimum h Level Assessed
91°C Ground
0.0°C @ Level5
4 . . : i
Doy ! . r . Predicted Mean Vote (PMV)
2 H : N . Glass Type
o SHGC0.55 SHGC 0.35 EC Glass
& Avarage 05250 . @ (Al
2 o TR NH e % of PMV in Excellent Range (+/- 0.5) 58% 51% e —
a v % of PMV in Good Range (+/- 1) 73% SHEC 0.35
5 : : % of PMV in Ok Range [+- 2) 94% SHGC 0.5
1 1 o Average PMV 02 05
-4
—40.0°C I Peak Operative Temp.
& | | 8"
g 00 1 ] Ik | , i I | Air Temperature B
5 30.0°C (L w1 O (TR B | | L.l L | 3 | i
A STl e S LN Y R U= NG W WA sec EC Gias
£ o L L 2 ) T b W 1,;] |,,1 Jy TR YR o, ot Time within 1 °C of Contral Band (21.24°C) o
§ 200°C V /U L % E %,
i‘s } Hours above Peak Operative Temp. 119 hrs 56 hrs 31 hrs
o
5 100°C % of Time Above Peak Operative Temp. 19% 9% 5%
~
Average Internal Air Temperature 256°C 244°C 239°C
0.0°C
400°C |
\ |
g | obbiadbd | 1 Ao l '
€ 300°C € / i . A b 4 " ' Radiant Temperature
Cwoc ] i fyeret 1270 114 E— it en Average 35.85C by . |
=} M\ v ¥ | SHGCD.3 Glas:
g AL i "II' W 'f‘ g AT |V HECD35  ECGlass
x 200°C ' § l N ‘1 % of Time within Target (20-27°C) 42%
=
'§ Hours Above Temperature Target (27°C) 531 hrs 363 hrs
E 10.0°C % of Occupied Time Above Target (27°C) 83% 57% 36% ‘
5
N Average Radiant Temperature ow2°c 72°C 259°C
0.0°C
1.Jan 02 1 Feb 02 1 Mar 02 1 Apr 02/1 Jan 02 1Feb 02 1 Mar 02 1 Apr02 1 Jan 02 1 Feb 02 1 Mar 02 1 Apr02
DateTime & DateTime & Date/Time &

1/01/2002 12:00:00 AM 31/12/2002 11:00:00 PM
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DETAILED

150 Collins Street Cooling and AHU Fans
Months in Year: [0 L2 Days in Month; (December 2 Hours in Day: [7 L2
CH . H ! Edlli. dmund ARNARNVANNSNRNRNNNRNNRR
52 H i
= E o 3 1000 3 w0
58 1 i ! A R A | E
z= . (W B m - o O mm -
. &8 Deviation % o5+ [N 0<% 150 Collins Street NABERS Energy Tracking B el
g 33
Iz otal % Deviation: % otal Volume Deviation:
52 Total % Deviation: 99% Total Volume Deviati ,995 | FLERS |
z=
= : st vt s s
Deviation % League Table Deviation Volume League Table =
zs [ — Oole BN e me s esrplon  MeerEqipment oo o o e (A )
I a & (GHG Emissions (9C02e)
£5 VMEHG3  BaseBuidng _ Boers Gas) Boier 1, Bier2 o 4 VMBHGE: BaseBuking Bofers (Go Soker 1, Bokr2 79 . =
Eg VM-BMP.07  Base Buiding Boders (Elec Boler 1, Boler 2 VM-BMPO7  Base Buking Ballers (Elec. Boler 1, Boder 2 Area
- VM-BMP03  Base Buiiding AHL Supply and Refum Air Fans VMBHG01  Base Buiking Domestic Hot Water Boiker (Al -
R VWEHGR2  Baseidny Cger CogeneaonGas Enine VMRS B uiony Cognet 4 Recim nd COW P F—
o8 VMNP0 gine oy . o WUP0)  Exscbung AUF st R s - -
I VBP0 Base S Coprerir W Recim nd O P VOTUPON Temnt Tena Codemsar. Tnan Gl
@3 VMTMP01  Tenant Tenant Condensor ) Tenant CCW i - = — 100 Qccugancy Date From
B VMBHGO!. Base Buldng Do 150 Collins Street Base Building NABERS Tracking Overview
£ VMBNPOS  aseuiansOberFors st Ve
£ VMBELOY  BaseBuldng Lihtng p Target NABERS Star Rating Evaluate NABERS Elec Data Source
22 [ e Soun 70— @5 ety G, - S Buding Eec i Sy~
5 °% VMBNP.0?  Base Buldng HVAC Pumps {11 Pups
= h " VMBNP.05  Base Buldng HeatRsecion Base Buiding
£ g s VMBNPDY s ians Gl k) e 1, it
s & NABERS Energy Rating - Monthly Tracking
] 2014 215 Star Rat
© " ° Yearly
DateTime. ) e
nom
. Taget 0
e
) v g v G ] X " i b B B o f °
Daily
an
donee Monthly Performance vs NABERS Benchmark Allowance
ouen
aota w015 W asers encamane
% Deviation rom Target
0o 10
S som0
) N o 4 F " [ 4 4 A s o N o
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Deviation % 5% o 150 Collins Street NABERS Energy Tracking Benchmat- odeled D Reporting AC C U RATE

Total % Deviation: 99% Total Volume Deviation: -2,995 | FILTERS
Apples to al charts and tables

Deviation % League Table Deviation Volume League Table
Meter Area Meter Description Meter Equipment Dovialign  Rank(By .0 Area Meter Description  Meter Equipment Volume Rank (By (EE BT A)
on % %) Deviation Volume)
GHG Emissions (kCO2e) M
VM-BHG-03  Base Building  Boilers (Gas) Boiler 1, Boiler 2 14 VM.BHG3 BaseBuing Boilrs (Gas) Boler 1, Boiler 2 379 1
VM-BMP-07  Base Buikding  Boiles (Elet.) Boiler 1, Boller 2 VM-BMPO7  Base Buiking Boikers (Elec.) Boller 1, Boller 2 Area
VM-BMP.03  Base Buiiding AHU Fans Supply and Retum Aif Fans VM-BHG-01  Base Buikting Domestic Hot Waler  Domestc Hot Water Boiler (an M
HBHGA - nerator (Gas n as Engin - BMP- - n w W .
VMBHG02  Base Building Cogenerator (Gas) Cogeneration Gas Engine VM-BMP-08  Base Buikiing Cogeneralor HHW Reclaim and CCW Pumps Meter (Description)
VM-BMP.04  Base Buiiding Packaged AIC Units BOH Water Cooled Unis, BOH Spit Urits VM-BMP.03  Base Buiing AHU Fans Supply and Return Air Fans w .
VM-BMP08  Base Buikding  Cogenerator HHW Reclaim and CCW Pumps VMTMP1  Tenant Tenant Condensor W.. Tenant COW
VMIMP01  Tenant Tenant Condensor Water (Elec.) Tenant CCW VM-BMP-04  Base Buikting Packaged AC Units  BOH Water Cooled Units, BOH Spit Units 100% Occupancy Date From
VM-BHG-01  Base Buiiding Domesiic Hot Watsr Domestic Hot Water Boiler VM-BMP-06  Base Buikiing Ofher Fans Exhaus!, Veniation, Carpark, Smoke Spil 171072015
VM-BMP.0§  Base Buiiding Cfher Fans Exhaust, Veniiation, Carpark, Smoke Spil VMBUP.41  Base Buikting Lifts AllLifts
VM-BEL01  Base Buiding Lighting Common Area, Toilets, Carpark, Back of House and Pla VM-BHG-02  Base Buikling Cogenerator Cogeneration Gas Enine
VMBVP-01  Base Buiing Lifts Al L VM-BMP05  Base Buiting Heat Rejection Base Builting and Cogen Cooling Toviers, CCW
VM-BMP-U2  Base Buiiting HVAC Pumps HHW Pumps, CHW Pumps VMBEL-01  Base Building Lighting Common Area, Tolets, Carpark, Back of House and Plan
VM-BMP-05  Base Building Heal Refection Base Buikling and Cogen Cooiing Toviers, CCWW VM-BMP02  Base Buiking HVAC Pumps HHW Pumps, CHIY Pumps
VM-BMP-01  Base Building Chillrs (Elec.) Chillr 1, Chillr 2, Chiler 3 VM-BMP-01  Base Building Chillrs (Elec.) Chiler 1, Chillr 2, Chiler 3
! Periodic Tracking of Actual Data Compared to Modelled Benchmark ! e N
Yearly Seasons Monthly cled performance for be
Date/Time 14 2015 16 w17 4 15 216 mr i .
0 _ i eI,
2,000,000 600,000 200,000 = - ke re:
400,000 1 3
1,000,000 100,000 The charts below refe
200,000 hou ; -
0 ] ed may
T © 2 S 5 5 s 2 5 3 53933 55553 553 z¢ ¢ e ’
&R & R’ R £ H £ 162 2333382 ‘ 535883¢ fdeails -
R R R = £ 3 able patsr

! Additional Detailed Analysis 1 Reference Only 1

Daily Hourly " For daily and hourly charts only
2014 January Select Year
January 2 2014 v

_—— 800
10,000 . e Bas N\l . ’. - . g Select Month
s i /] a0 . January -
f h 'S 200 . o Select Day
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150 Collins Street Base Building NABERS Tracking Overview

Target NABERS Star Rating Evaluate NABERS Elec Data Source
5.0 stars m} B Electricity (KWh) - Base Building Elec Main Supply +

NABERS Energy Rating - Monthly Tracking

2014 2015 Star Rating
Star Rafing 1 DP'

5.5 Stars

sostars dEOE ST

45 Stars

4.0 Stars

N D J F M A M J J A s o N ]
Monthly Performance vs NABERS Benchmark Allowance
Date/Time
2014 2015
M NABERS Benchmark
% Deviation from Target

100,000 0% 0%
5
i 50,000
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OVERVIEW

NABERS Status Tracking per Month

Target 5.0 stars

M D J F I
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Deviation per
Meter

/U Deaion s o NN % 150 Collins Street NAB
Total % Deviation: 99%

Deviation % League Table

Meter Area Meter Description Meter Equipment D:]m,,n_- Rank [Eiy; Meter

L] "
VM-BHG-03  Base Building Boilers (Gas) Boiler 1, Boiler 2 104% 14 VM-BH{
VM-BMP-07  Base Building Boilers (Elec.) Boiler 1, Boiler 2 VM-EMA
VM-BMP-03  Base Building AHU Fans Supply and Return Air Fans VM-BHG

VM-BHG-02 Base Building Cogenerator (Gas) Cogeneration Gas Engine VM-BM
VM-BMP-04  Base Building Packaged A/C Units BOH Water Cooled Units, BOH Split Units VM-
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Months in Year: 2014 h
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Complete Dataset

Time Filters

Filtered Analysis

Power Factor

Power

Energy / Cost / GHG Emissions

v

Project Name Energy Dashboard - Electricity

Inputs in Blue Meter Use | (an -

Peak Energy % Off Peak Energy
2,337,430 kWh 45%

Off-Peak Energy
1,910,136 kWh 0.00%

Energy
4,247,566 kWh 55%

% Peak Energy

Power Profile (kW and kVA)

Peall Pou.é.l 59 KV Peak Power. 1,071 KVA

% On-Site Energy

Logo

Generated On-Site
0 kWh

Power (kW) Distribution

1,000
WMNWWWWW LAAMRRAA s s snsmn gk
TN LA, AL ] 500
10ct12  1Nov12 1Dec12  1dan13  1Feb13 1Mar13  1Apr13  1May13  1Jun13  1Ju13  1Aug13  1Sep13  10ct13
Time 0
31/12/2012 12:00:00 AM 14/01/2013 11:59:59 PM Data  |Peak hd
Year [qan) ~|  Quarter [eam - Month [ gan - Day () ~| Weekday |an - Hour ()~
Power Factor Profile * Power Factor Distribution
1.00 W
109" very Good 0.96. — . oo Pverage 093 . i
; 0.50
080 Very Poor 0.80 o
050 0.60 |
31Dec12 1Jan13 2Jan13 3Jan13  4Jan13  SJan13  6Jan13  7Jan13  BJan13  9Jan13 10Jan13 11Jan13 12Jan13 13Jan13 14Jan13 15Jan13 Data Collection Frequency
Time 4 data points / hour
Power Profile Breakdown Power (kW) Distribution
300
3,000 KW
600
00 KW =
g 40
c
200
0w N
31Dec12 1Jan13 2Jan13  3Jan13  4Jan13  5Jan13  6Jan13  7Jan13 BJan13  SJan13 10Jan13 11Jan13 12Jan13 13Jan13 14Jan13 15Jan13
Hour of Time Data: | Peak -
Indicative Cost Metrics Greenhouse Gas Emissions Peak and Off Peak Energy Meter Energy Split
iff | ; 1 Electricity GHG Emission Factor
58,000 Peak Tariff [50.05 / kwn 4 | 2012 2013
1.350 kgCO2/kWh 125
56,000 Off-Peak 50,09/ kwh £ 150,000 kv 2.0%
54,000 Demand GHG Emissions 2371C02e 100,000 kWh 17.8% “
e [Eosor e | }J R, - s
o 0k 6.8%

The above tariffs and charges are ap- Dec Jan
proximate only and do not include
standing charges or account of line lo..

Peak Off Peak  Demand

V

GHG Emissions
5,7341C02e

Power Factor Distribution

Bin Size  [0.1 <

Power Factor Stats

Max. Power Factor 100
Avg. Power Factor* 093
Load Factor® 0094
Demand Factor # 0863

Max. Demand
600 kW

Power Statistics

Max. Power 518 kW
Min. Power 1kW
Max. Power (kVA) 601 KVA
Min. Power (kVA) 1kVA

Energy Summary

Energy 175,706
% Peak Energy 56%
Peak Energy 98,573 kWh
% Off Peak Energy 4%
Off-Peak Energy 33 KWh
% On-Site Energy 0.00%
Generated On-Site 0 KWh

Povier (kW
Wl Poveer (kvA]

* Please note, these
values are averaged
where multiple meters
are selected

#The Demand Factor
s calculated with ref-
erence o the Max.

Demand input below.

W Feak

Off-Peak

[l BB Meter 1
Meter 1
W ster 2
W eter 3
W ster 4
W Meter s
Meter 6
W ster 7
Meter 8

W Meter o
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MAC Startup - Summer - Typical Week \

00 kW
. ! - I . [} .;.
o 200 kW MY N Y / 1
n 1l 1 Il
: . 4 " ,_fx "" '. |n )’ ,F\‘ I"
00 kW AN ey ' " W, ¥ s H™
100 k ! “-'n'n'l'-\"J_ Ik \“-'.'-‘-l. Wy A i ".\‘.’-\-\\\,I" W ".ffh‘.‘.'.'.r;‘.. “hl".JJ]}Lw\.'_i_l_i_lfl"'”‘,*l."lllril.lll'.\l—,'IJ)I.lI-l(,JI;I.lJlJ_J}Hjuﬂllllli’*iﬂ\,i;,

0 kW

\ 20 Jan 21 Jan 22 Jan 23 Jan 24 Jan 25 Jan 26 Jan 27 -JJI‘/
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Australia Post - Nationwide HVAC Audit Results

Tier National Overview e Assessed Condition Assessed Condition Cost Distribution
@ (A

1
2 O NIA Poor

- V. Good #of Items 1485

= @ # of 'Very Good' .

Type Condition Iltems
Fair
@ (AN o @ Good # of "Poor’ Condition 250
- Ite:
") Airport Distribution Centr [ ] o ms
. -

) Business Centre (BC}) Q ;voo:Llems Requiring 721
") CallCentre (CC} ]

Delivery Centre (DC) Poor Fair Good \J' Good
Delivery Facility (OF) Q

Gateway Facilty (GF) = 5 Year Costs Category of Work Cost Distribution

General Post Office (GPO)
Hub

Letter Centre (LC) . @ ° Year 2 $1,710,500
Letter Facilty (LF)

- 0
) Mail Centre (MC) Year 3 $1,663,750
$1,000,000
_) Mail Sorting Centre (MSC)
s: 000 ) 76
) Parcel Centrs (FC) 52,000,000 Tier Year 4 264,000
y $3,000,000 1
*) Parcel Faciliy (PF} o Oi u Year 5 $2,008,000 -
State S0 $10,000,000 E— E—

# of Facilities 88

Year 1 $20,862,250

Total $26,798,500 Rain Fire Dock BMS
@ (A -
ACT L Total 5 Year Cost per Project
NSW 1
NT ACT NsW NT QLD SA TAS vIC
=
ao =) g8
g3 2 - w
SA - S - R
E8 g8 ER s
Location Bon 824k H iy
2 Phw 8% 533 S = = 8=
\ = 28 BEE s2as - 28 EE88 5
@ can A (BB 222552888888 gB8882g827 g8z _sE8 SEEE3 1 | B3RS
o FE-E- R R = =2 = ¥ = = S
Alexandria ERER-] ﬁ;ﬁg;’gﬂfﬂ'ﬁkzm ggg;ha‘”lll SEwEZEC TE88S I S:'R'& 3a
] oe g SreEdetbn - SaoE sl Y s o B30 N >0
Allambie Frenchs Forrest PMPpRBREAGESDE 05 Sl "‘ﬂ:-—--. ii."‘"‘:: 11 w22 -.
=) e 5= = = - o = =5 @ == = ='a s x = g @ ER 5 Q 2 £
Bayswater Ea s 23 8 ] 2 zcd ERE -] SE s &S &3 3 3 §82 2 L 55325 ¢
Belmont §£ :%;"SS £ 5 8 % Eﬁégggjuigg é%éf,i_@l éﬁg:‘_" E igqgé
a8 £ £@0 < E g T es=:2:z £°958 S s s3S 8¢ s B 5 = 3 aS®R@A® @
Bendigo ° 2 R LR s £2% Ezf 35 = iz 82 ": e 2378~ 9
Braeside 3 - 5 L = 1 2 2
@ @ £ 5 5
Brigbane 5 o o
H
Bunbury g
Bundall - 2
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Geelong North
=415,000

v

Preston
Essendon Fields
$5.000 $754,500
Richmond
Port Melbourne $242,000
$642,000
Moorabbin
$356,000

Nunawading

$335,500
Bayswater
$283,500
Mt Waverley
$12,000
Clayton South PC
$2,225,000
Braeside
$281,500 Dandenong
$2,191,000
Seaford
$408,000
Cranboumne
$194,000
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Academic Building

st $3,486.48
387,387.0 MJ
t- $3,486.48
0 litres
$0.00
== 710.3 hours
5 s
—
4
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