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ABSTRACT

Energy consumption in buildings is responsible 26f6 of Australia’'s greenhouse
gas emissions (CSIRO, 2010). Furthermore the gnewgsumption associated with
cooling and heating plant in buildings typicallycaants for over 50% of the total
building energy use (CSIRO, 2010). As a resulf fioject assesses the greenhouse
gas emissions associated with possible air comdliip upgrade alternatives for a

multi-storied building 295 Ann Street, Brisbane.

295 Ann Street, Brisbane was constructed in 197Bingathe mechanical services
plant approximately 38 years old. Due to the age aondition of the air

conditioning plant the system is due for replacetmen

The aims of the project are to analyse, comparecanttast various air conditioning
upgrade alternatives to determine which will previthe greatest greenhouse gas
emissions savings. A BCA2010 reference buildingl viné modeled for each
alternative to determine if the existing systempooposed upgrades are compliant

with the Building Code of Australia.

Using the TRACE 700 Load and Energy Analysis Soféeathe upgrade alternatives
and reference buildings were modeled. It was ifiedtthat significant greenhouse
gas emissions savings can be achieved by upgratiegbuildings mechanical

services. A trigeneration system combined withlethibeams proved to be the most

energy efficient.
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1. INTRODUCTION

Since the industrial revolution greenhouse gas ®oms in the earth's atmosphere
have risen significantly (Preston, Jones, 2006)e fdiation absorbed by these gases
is re-emitted in all directions resulting in a wamm of the earth's surface (Australian
Government, 2011).

Energy consumption in buildings is responsibleZ6%o of Australia's greenhouse gas
emissions (CSIRO, 2010). Furthermore the energyswmption associated with a
buildings cooling and heating plant typically acatsufor over 50% of a buildings
total energy usage (CSIRO, 2010). The aims ofptiogect are to analyse, compare
and contrast various air conditioning upgrade a#gves for the building 295 Ann
Street, Brisbane, to determine which will providee tgreatest greenhouse gas

emissions savings.

In order to energy model the various upgrade atéres, the TRACE 700 Load and
Energy Analysis software was used. The existintling in its current form was the
first system modelled to determine the current g@paisage and the associated
greenhouse gas emissions. The results were cothpatle the buildings actual
energy usage data to verify the modelling softwaknergy models for the seven
upgrade alternatives were then modelled to deterrtiie greenhouse gas emissions
associated with each. For each alternative a Bwgil€ode of Australia reference
building was modelled to determine which was coamgliwith the Building Code of
Australia. A reference building is a hypothetibailding that is used to calculate the

maximum allowable energy load (Australian Buildidgdes Board, 2010).

The results were then analysed to compare the lgpese gas emissions associated
with each system. Each upgrade alternative was tbenpared with the associate
Building Code of Australia reference building taetenine which was compliant with
the Building Code of Australia.



1.1 Project Aims

The aims of the project are to analyse, compare @rdrast a number of air
conditioning upgrade alternatives to determine Whiill provide the greatest
greenhouse gas emissions savings. The studyfermed to a building at 295 Ann

Street, Brisbane.

The upgrade alternatives to be analysed include:

= Variable air volume system with central air hanglpiant.

= Variable air volume system with floor air handlipignt.

= Active chilled beams system with central air hamgliplant.

= Active chilled beams system with floor air handlipignt.

= Trigeneration energy production plant combined watme mixing boxes and
central air handling.

= Trigeneration energy production plant combined wi#ltiable air volume and
floor air handling plant.

= Trigeneration energy production plant combined vathive chilled beams and

floor air handling plant.

1.2 Background

295 Ann Street is a 16 storey office building sitwhin the Brisbane CBD. The
building was constructed in 1973 making the medtaniservices plant
approximately 38 years old. Due to the age andliton of the air conditioning

plant, the system is due for replacement.

The existing air conditioning system serving thdding consists of a central cooling
and heating plant with an air distribution subsysteThe air distribution subsystem
consists of eight central air handling units. Faitrhandling units are located in the
level 16 plant room and are dedicated to the neat$t; south-east, south-west and
north-west zones on levels 8 to 15 inclusive. Tédmaaining four air handling units
are located in the lower ground plant room andeséme north-east, south-east, south-
west and north-west zones on levels ground to ldsne.

2



Each of the air handling units consists of a ctileater cooling coil and a hot water
heating coil. A cold deck fan and a hot deck faovgle cold and hot supply air to
the floor mixing boxes via individual ductwork rasiation systems. A return air fan
draws air from the conditioned space and returrzadk to the air handling unit.
Here the return air mixes with outside air to reégba process. Figure 1.1 shows a

typical air handling unit configuration.

* 251 °C 295 Ann St System Fire Status Norm @

70 %rh
61.5 kitkg
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b |
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™

-
|%
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SAP 550 Pa
SAP SP 550 Pa 19.0 °C

SIS On

Status On
Fault Norm

VSD % 80

Man SAT SP
250 °C

Man SAT SP

SAFan CD SAFan HD
AUT

Speed Overide Speed Overide

Figure 1.1: Typical Air Handling Unit Configuration at 295 Ann Street, Brisbane

There are a total of 18 mixing boxes per floor t@ttrol the air distribution to each
zone. The mixing boxes contain a modulating dantpesrbalances the proportion of
hot and cold air in order to meet the required zomedition determined by a wall

mounted thermostat. Figure 1.2 shows a typicalmgikox configuration.
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Figure 1.2: Typical Mixing Box Configuration at 295 Ann Street, Brisbane



2. LITERATURE REVIEW

2.1 Global Warming

Global warming is the gradual increase of the Eswdlnerage surface temperature as
a result of greenhouse gases in the atmosphergrghas Government, 2010). The
earth’'s atmosphere contains a natural level of rireese gases (Australian
Government, 2010). The main constituents includeewapour, carbon dioxide and
other important trace gases such as methane, sitndade, ozone and anthropogenic
halocarbon compounds (Australian Government, 20I0he radiation absorbed by
these gases is re-emitted in all directions rasylithn a warming of the earth’s surface

(Australian Government, 2011).

Since the industrial revolution, greenhouse gass&ions have risen significantly
(Preston, Jones, 2006). Carbon dioxide levels imreased by over 30%, from 280
to 380 parts per million, nitrous oxide has incezhdy 17% and methane has
increased by 151% (Preston, Jones, 2006). Theaserof greenhouse gases into the
atmosphere is a result of human activities, inclgdi

= Burning fossil fuels including coal, oil and gasugtralian Government, 2010).

= Using energy generated by burning fossil fuels (falisn Government, 2010).

= Various aspects of farming such as raising livdstagsing fertilisers and

growing crops (Australian Government, 2010).
= Clearing land (Australian Government, 2010).

» Various industrial processes (Australian Governm2n10).

2.2 Energy Production

In Australia, the principal greenhouse gas gendrhteenergy production is carbon
dioxide (CQ), (Australian Government, July 2010). Methandronis oxide and
synthetic gases are also generated in smaller asidepending on the fuel used and
the combustion conditions (Australian Governmeuity 2010).



2.2.1 Electricity Consumed from the Power Grid

Emission factors are used for calculating the tetalssions generated as a result of
energy production. Emission factors are expressethe form of a quantity of
emitted greenhouse gas per unit of energy (kg-&®N). All emitted greenhouse
gases are expressed as a carbon dioxide equivdgnCQ,-e/kW), (Australian

Government, July 2010).

There are three categories used to report the tgpesmissions generated being

Scope 1, Scope 2 and Scope 3.

= Scope 1 emissions are direct or point source, ¥amgle emissions from a
manufacturing process, mining activity or onsitestgadisposal (Australian
Government, July 2010).

s Scope 2 emissions are indirect and are used taibedbe emissions from the
generation of purchased and consumed electricitgrbgrganisation (Australian
Government, July 2010).

= Scope 3 emissions are those attributed to the dossthin the electricity

distribution network (Australian Government, Ju@1D).

Due to the varying fuels used for the productioeérgy within Australia, emissions
factors vary from state to state. Table 2.1 detdie latest estimated Scope 2 & 3

emissions factors for each state of Australia.

Table 2.1: 2010 Emissions Factors for States of Aualia (Australian Government, July 2010)

Location EF for Scope 2 EF for Scope 3 EF for Scope 2 +
(kg CO,-e/kWh) (kg CO,-e/kWh) EF for Scope 3
(kg CO-e/kWh)

Victoria 1.23 0.14 1.37
Queensland 0.89 0.13 1.02
South Australia 0.72 0.13 0.85
Western Australia 0.82 0.10 0.93
Northern 0.68 0.09 0.77
Territory

New South Wales 0.9 0.17 1.07




From Table 2.1, it can be concluded that Queensasmdissions factors are poor in
comparison with other states of Australia and ndedse improved. This can be
done by investigating more efficient means for pi@dg and distributing energy

throughout the state.

2.2.2 Natural Gas Consumption

The combustion of natural gas is an option for gpe&onsumption within buildings.
The emissions factors for the consumption of natgaa distributed in a pipeline are

detailed in Table 2.2.

Table 2.2: Emissions Factors for the ConsumptionfdNatural Gas (Australian Government, July

2010)

Fuel Combusted Emission Factor (kg C@e/GJ)
COz CH4 NZO
Natural Gas Distributed in a Pipeline 51.2 0.1 0.03

The following formula is used to estimate the gremrse gas emissions from the

combustion of gaseous fuels:

E=QXEF ... (i) (Australian Government, July 2010)

Where,
E, is the emissions of the respective gas typeC®ge).

Q, is the quantity of fuel type (GJ).

EF, is the Emissions Factor for each gas typestsldd in Table 2.2.



2.3 Global Warming and the Built Environment

Energy consumption in buildings is responsible 2686 of Australia’s greenhouse
gas emissions (CSIRO, 2010). Furthermore, theggr@nsumption associated with
a buildings cooling and heating plant typically aants for over 50% of the buildings
total energy usage (CSIRO, 2010).

In 2006 Lishan Guan undertook a research projtettiThe Implications of Global
Warming on the Energy Performance and Indoor Therfmvironment of Air-
Conditioned Office Buildings in Australia”. Ressilbf her research showed that there
is a near linear relationship between the incredsenbient air temperatures and the

increase of building energy use (Guan, 2006).

Figure 2.1 and 2.2, shows the effects of globalmuag on a buildings cooling load
and the total building energy use in cities thraughAustralia.
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Figure 2.1: Building Cooling Load Increase versug&verage Temperature Increase (Guan, 2006)
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Figure 2.2: Building Energy Usage Increase versusvkrage Temperature Increase (Guan, 2006)

From Figures 2.1 and 2.2 it can be seen that Imgldnergy consumption is
proportional to the ambient air temperature antbglevarming. As a result a cycling
effect is evident. Global warming leads to grediaiding energy loads, which
causes more greenhouse gas emissions, which eatisbial warming. As building
air conditioning systems account for a large praporof greenhouse gas emissions,
alternate energy efficient air conditioning systestsould be investigated and

analysed.

A recommendation for future research from “The licgtions of Global Warming on
the Energy Performance and Indoor Thermal EnvirariroéAir-Conditioned Office
Building in Australia” is to undertake a study af aonditioning systems selection

and the energy efficiency associated with diffesystems (Guan, 2006).



2.4  Air Conditioning Systems

As detailed in Section 2.3, energy consumptionuitdings is responsible for 26% of
Australia’s greenhouse gas emissions with 50% efetimissions associated with the
air conditioning plant (CSIRO, 2010).

The cooling requirements of a building are depehdena variety of factors which
include but are not limited to the following:

= The climate zone the building is situated (Bhat@i.1).

= The required space temperature (Bhatia, 2011).

= The type of construction and the thermal propeufate building fabric (Bhatia,
2011).

= The building orientation and how much shade ishenluilding (Bhatia, 2011).
= The physical size of the building to be conditioriBdatia, 2011).

= The quantity of ambient air infiltration into theilding (Bhatia, 2011).

= The occupancy levels of the building (Bhatia, 2011)

= Activities undertaken within the building (Bhat2011).

= Amount and type of lighting within the building (Btia, 2011).

Due to the wide variety of factors which affect tamling requirements of a building
it can be said that no two buildings are the sam @ach buildings has its own
unique characteristics. As a result when detemgirtieat loads and selecting the
most energy efficient equipment it should be doneaocase by case basis, as an

appropriate selection for one building may notheermost appropriate for another.

The below subsections detail the air conditioningstems which are to be
investigated in detail. The systems include:

= Variable air volume,

= Active Chilled beams,

= Trigeneration.
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2.4.1 Variable Air Volume

A variable air volume (VAV) air conditioning systevaries the quantity of supply air

to meet the changing load conditions of the spacang, 2001). A VAV system is

typically made up of the following main components:

= An air handling unit consisting of a variable spsegply air fan (Trane, 2001).

= A minimum of one variable air volume box downstreaftthe air handling unit.
The primary components of the variable air volumex binclude an air
modulation device such as a rotating blade dangpet,control hardware (Trane,
2001).

» A thermostat dedicated to each variable air voltwre (Trane, 2001).

There are two main control strategies for variaditevolume boxes being pressure
dependant and pressure independent control. Peedspendant systems use the
space temperature to control the position of thelutading device. The quantity of
supply air delivered to the space is dependentherstatic pressure within the duct
and the position of the modulating device (Trar@f)1). A pressure independent unit
controls the actual supply air delivered to thecsgpatilising a velocity sensor in the
supply air stream. Pressure independent variableolume devices are the most

popular form of control (Trane, 2001).

primary

airflow
modulation
device

A supply

controller alt

Figure 2.3: Pressure Independent Variable Air Volme Box Configuration (Trane,
2001)
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There are two primary advantages associated witly @svariable air volume system.

The first is the system’s ability to provide botinfand refrigeration part load energy
savings. When the cooling demand is minimal withie space the damper modulates
closed which creates an opportunity to reduce pleed of the fan which reduces fan
energy. This reduced airflow across the coolindj remluces the energy demand on

the refrigeration system thus saving energy imtlaén cooling plant (Trane, 2001).

The second advantage associated with variablecduime systems is the improved
comfort control. The system is capable of prowdgontrol to many spaces with
varying cooling and heating requirements utilisomge air handling unit fan and a

variable air volume box to each individual space.

2.4.2 Chilled Beams

There are two main types of chilled beam air teahishevices namely active and
passive (AIRAH, 2011). An active chilled beam iggk primary supply air for
inducing room air over the chilled beam heat exgear{AIRAH, 2011). It can be
seen in Figure 2.4 that primary air is deliveredhte mixing chamber through the
primary air nozzles. This induces air from the ditioned space to rise through the
secondary heat exchanger and mix with the primarinahe mixing chamber. The
mixed air is then delivered to the space as supipl(AIRAH, 2011).

v G52 B .
. - -
LowPressure 37— - -

Kernel ~

~ "

4 T': = PPoo $\ NN
~ & " A S o TR e A = g o TR o P O < N % N,
Supply Air Return Supply Air

' I ' 4' Air Inlet ~
Secondary Heat
Exchanger

Air from Conditioned Space

Figure 2.4, Active Chilled Beam Configuration (AIRAH, 2011)
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A passive chilled beam has no direct supply air eelies on the room’s natural air
convection (Rumsey, Weale, 2011). Warm air rigethé beams coils, causing the
air to cool and fall into the occupied zone (Rumsafeale, 2011). Passive chilled
beams can handle low ventilation requirements amdl@ss flexible than active

technology (Rumsey, Weale, 2011). As a resulivaathilled beams will be used in

this energy analysis.

The advantages associated with chilled beam tecgpahclude:

= Chilled beams use higher chilled water temperattivas conventional systems.
A chiller dedicated to chilled beams has a lowengerature lift and can operate
with a 15-20% higher efficiency (Roth, Dieckmanogg, Brodrick, 2007).

= The combination of higher chilled water temperatusad the fact active chilled
beams entrain large quantities of room air gresgtjuces the need for energy
consuming reheat of the cooled air (Roth, Dieckm@mgg, Brodrick, 2007).

= Chilled beams reduce ventilation fan energy consiomp(Roth, Dieckmann,
Zogg, Brodrick, 2007).

A study of the energy performance of active chilbEhms and variable air volume
systems for a building in Sydney found similar gyeperformances for the two
buildings (Roth, Dieckmann, Zogg, Brodrick, 200During the summer months, the
chilled beams system consumed less energy thavatieble air volume system but
during the winter months consumed more becausbkeofeéduced quantity of supply
air precluded the use of an air side economizeth{RIBieckmann, Zogg, Brodrick,

2007). Studies of other buildings in Australia riduthat the energy impact varied
appreciably depending on the specifics of the gmerject (Roth, Dieckmann, Zogg,
Brodrick, 2007).

2.4.3 Trigeneration

Trigeneration also known as combined cooling, Ingand power (CCHP) is the
simultaneous production of electricity, heating /andcooling from a single fuel

source (Clinch, Selth, 2009). A gas turbine isdusesimultaneously produce both
electricity and useful heat (Australian Governmé&mt) 2010). With trigeneration the
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useful heat can be either used for heating or foam&d into cooling energy by an

absorption chiller (Australian Government, 2010).

Absorption chillers use heat in lieu of mechanieakergy to provide cooling. A
thermal compressor consists of an absorber, a g@ng@a pump and a throttling
device and replaces the mechanical vapour comprd8&el, 2011). Absorption
chillers have a low coefficient of performance @eipy output divided by the energy
input) in comparison to typical mechanical chillethough they have a poor
coefficient of performance they can substantiadiguce operating costs because they

are powered by low grade waste heat from the gasei(REI, 2011).

Figure 2.5, shows a typical trigeneration schemafiom this diagram it can be seen
that natural gas supplies the generator and bolézctrical power is provided to the
building from two sources being the electrical gaidd the generator. Waste heat

from the generator can be used for both heatingcanting as necessary.

Peak Boiler
Exhaust gas A >
;g - Cooling Tower

)

P

Heat Exchanger

Absorption chiller

Refrigeration
consumer

©

Natural gas
supply
)

S J—

\_/

/7~ Heat
\>—~/ consumer

Electrical grid d
connection

Power
> : @
consumer

Figure 2.5: Trigeneration Process Schematic (Clifg R, Selth, J, 2009)

The advantages of a trigeneration system is theant make use of 70-75% of the
energy in the original fuel, in comparison to a wemtional coal fired power station

which utilises approximately 25-30% (Australian ®aovment, 2010). This is

achieved by utilising the waste heat which woulbdeowise be wasted. A second
advantage is that by producing the electricity da, gransmission and distribution
losses are avoided which are often as high as Pairalian Government, 2010).
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2.5 Building Code of Australia

The objective of Section J of the Building CodeAafstralia is to reduce building
greenhouse gas emissions (Australian Building Cdglesrd, 2010). In order to
reduce greenhouse gas emissions a building ingutirservices must have features
that facility the efficient use of energy (AusteadiBuilding Codes Board, 2010).

The Building Code of Australia (BCA) 2010 was effee from the 1 May 2010 and
was superseded by the BCA2011 on the 1 May 201kt(Alian Building Codes
Board, 2010). As this research project commengaéaat po the 1 May 2011, the
BCA2010 was adopted as the defining code for gsgarch project.

For a building to comply with Section J of the BAAD, it can be done so in one of
two ways. The first is complying with thBeemed-to-Satisfy Provisiordetailed
within Parts J1 to J7. The title of each of thea#ds is listed below:

= Part J1: Building Fabric.

= Part J2: Glazing.

= Part J3: Building Sealing.

= Part J4: Not defined in BCA2010

= Part J5: Air-Conditioning and Ventilation Systems.

= Part J6: Atrtificial Lighting and Power.

s Part J7: Hot Water Supply and Swimming Pool and Bpa Plant.

Parts J1 to J7 can be categorised into two catgydreing building envelope
requirements and building services requirementssifatlian Building Codes Board,
2010). Parts J1, J2 and J3 make up the buildinglepe requirements while Parts
J5, J6 and J7 make up the building services remeints.

The second alternative for compliance with the BGAR is verification using a
reference building. Compliance using a referendlelimg is verified when the annual
energy consumption of the proposed building andéiwices is not more than the

annual energy consumption of a reference buildihgmw-
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(i) The proposed building is modelled with theposed services; and

(i) The proposed building is modelled with thearse services as the reference
building (Australian Building Codes Boagf)10).

As detailed above verification using a referenciéding compares the annual energy
consumptions of the proposed building with the ahranergy consumption of the
reference building. As the objective of the BuilgliCode of Australia is to reduce
greenhouse gas emissions, for this research prajeactial greenhouse gas emissions
will be compared instead of annual energy conswmptiThis will provide a more
accurate analysis as to which upgrade is the mmesgg efficient in terms of which
emits the least greenhouse gases. Gas and eédnergy consumptions will be
converted to greenhouse gas emissions using theufas described in Chapter 2.2 of
this report.

As defined by the Building Code of Australia 201#®,reference building is a
hypothetical building that is used to calculate th@ximum allowable annual energy
load, or maximum allowable annual energy consumpta the proposed building
(Australian Building Codes Board, 2010). TbBeemed-to-Satisfy Provisiorisom
Parts J1 to J7 are to be used to model the refetauntdings. A further description of
these performance requirements are detailed latéws section.

As 295 Ann Street Brisbane is an existing buildmith an age of approximately 38
years, the existing building envelope and buildgsgvices do not comply with the
Deemed-to-Satisfy ProvisionsDue to the size and age of the building it wolédl
unfeasible to upgrade the building envelope to dgmapth the Deemed-to-Satisfy
Provisions. This would involve replacing all the single paglass with double pane
glass, and insulating all external walls and rod¥er this reason verification using a
reference building will be used to assess the camgét of the upgrade alternatives

modelled throughout this research project.

The implications of not upgrading the building elope result in the proposed
building using more energy than the reference ingklwhen the proposed building

is modelled with the same services as the referbatding, as per requirement (ii).
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This is due to the reference building being modeleith a Deemed-to-Satisfy
envelope and services, while comparing this topreposed building with a non-
compliant envelope anbeemed-to-Satisfgervices. For this reason, to determine
BCA compliance for an existing building the propsdauilding will be modelled

with the proposed services as per requirement (i).

The main performance requirements of the BCA20lfereace building are

summarised below:

= Roof thermal resistance (R-Value) of 4.2 for a diad in climate zone 2
(Australian Building Codes Board, 2010).

= Wall thermal resistance (R-Value) of 3.3 for a duif in climate zone 2
(Australian Building Codes Board, 2010).

= Have an outdoor air economy cycle when the air tmmihg unit capacity is
over 50 kWr (Australian Building Codes Board, 2Q010)

= A gas boiler shall have a minimum gross thermatiefficy of 80% when the
rated capacity is not more than 750 kW (AustralBuilding Codes Board,
2010).

= A Minimum energy efficiency ratio for refrigerantiders of 4.2 under full load
operation (Australian Building Codes Board, 2010).

= A solar absorptance of 0.6 for external walls and for roofs (Australian
Building Codes Board, 2010).

= For perimeter zones an air infiltration value cdif change per hour (Australian
Building Codes Board, 2010).

= The aggregate air conditioning energy value attable to the glazing must not
exceed the allowance obtained by multiplying theatee area exposed to the
conditioned space by the energy index (Australiaiiddig Codes Board, 2010).
The energy index for a building in climate zones20i173. The aggregate air

conditioning energy value is calculated using follan(@):
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AL [SHGC,(Cy X Sy + Cg X Ser) + Co X Uyl + Ay [SHGC,(Cy X Syz + Cg X Sez) + Co X Uy

..... (2), (Australian Building Codes Board, 201
Where,
A; = the area of each glazing element
Ca B and & the energy constants A, B and C for the specifientation.
SHGC, ;. <= the shading glass coefficient of each glazing efeme

SH1.2, etc= the heating shading multiplier for each glazégment obtained
from the BCA2010.

X2, etc = the cooling shading multiplier for each glaziegement
obtained from the BCA2010.

U, = the area of each glazing element

The Building Code of Australia website provides extel spread sheet to perform

equation (2).

For consistency between the proposed building madelreference building model,
section JV3, (d),(ii) of the Building Code of Auglia 2010 details the features which
are required to be kept consistent between theemte building and the proposed
building model. One of the items includes thecainditioning system configuration
and zones shall be kept consistent between thentegels. As a result for each
upgrade alternative a reference building shall bedefled with the same air

conditioning system configurations and zones.

To ensure the results of the energy modelling amurate, the Building Code of
Australia requires that the energy consumptionutaton method must comply with
the Australian Building Codes Boardrotocol for Building Energy Analysis
Software (Australian Building Codes Board, 2010). The pooi requires that

evidence be produced to demonstrate the softwangteble. The evidence includes:
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» The software has features and specific capabiliégedetailed in section 3 and 4
of the Protocol for Building Energy Analysis Softwa(Australian Building
Codes Board, 2010).

= The software has undergone appropriate testingrasdlt analysis, and the
process has undergone quality assurance (Austr@iglding Codes Board,
2010).

= A training program is available for users (AustaliBuilding Codes Board,
2010).

s The status of the software such as whether it heen bapproved by any
appropriate authority, must be clearly indicatedugthalian Building Codes
Board, 2010).

2.6  Modelling Software

The energy modelling software package being usethfe analysis is TRACE 700
version 6.2. Trace 700 is a load, system, enengly economic analysis program.
The software has the ability to analyse architedtigatures, heating, ventilation and
air conditioning systems, building utilisation, eduling and economic options
(Trane, 2011).

As required by the Australian Building Codes Bo@dCB), TRACE 700 version
6.2.6 has been tested in compliance with ANSI/ASHRAtandard 140-2007,
Standard Method of Test for the Evaluation of BogdEnergy Analysis Computer
Programs (Trane, 2011). To comply with this standard tlodtveare passed the
BESTEST which compared the program with similarlgsia programs. A letter
verifying this compliance can be seen in Appendix B

In order to gain a full appreciation of the softeaesults it is necessary to understand

the software’s limitations. The limitations whiblave been identified include:

= The software does not provide detailed tempergitwéles of each room. The
software requires the user to input the requireg dulb and wet bulb

temperatures of the room, however, when comparatgden proposed systems
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it cannot be determined which system provides morsistent temperatures and
air distribution, and which has a higher level o€@pancy comfort.

The energy calculations are based on average wedttia for the location
defined by the user. When comparing the theoletinargy usage with actual
energy usage results will vary depending on howelthe actual temperatures

were to the average data built into the software.
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3. PROJECT METHODOLOGY

This Chapter details the project methodology arskgaequired to undertake this
research. Each of the major tasks and milestoreesletailed in the following sub

headings.

3.1 Modelling the Existing Building and the Mechantal Services

Systems

The first stage of the energy analyses was to mibh@eéxisting building and the air
conditioning systems within the building. Thisptdetermined the energy efficiency
of the existing mechanical systems and provideéfargnce point to compare the
upgrade alternatives to. Information used to mdtel existing building and its

services was gathered from site audits, the buyklioperation and maintenance
manuals, as-installed drawings and the Building &gment System (BMS). The
below subsections detail the steps involved to mitbskeexisting systems. Appendix
C contains screenshots of the TRACE 700 softwarthiexisting building model.

3.1.1 Select Weather Information

As described in Section 2.4 climate greatly affettte energy consumption of
buildings mechanical services. TRACE 700 has ibhbveather files for a range of

locations throughout the world. Information stowithin these files includes:
= Maximum outside air dry bulb.

= Maximum outside air wet bulb.

= Humidity ratio.

= Cloud Cover Modifier.

= Wind speed.

s Barometric Pressure.
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The building modelled is located at 295 Ann Stieethe Brisbane CBD and as a
result the Brisbane weather file was selected. efsdpx D displays the Brisbane

weather file which was used for this assessment.

3.1.2 Creation of Rooms

In order to model the existing building each flegas split into 18 individual rooms.
Each level was assumed to be typical in termsyafuf construction and occupancy.
The floor was divided into rooms by assuming omen@king box was dedicated to
each room thereby creating 18 rooms. Appendix Batos a typical floor plan

which shows the segregation of the rooms. The esiiofis below detail the

modelling associated with each room.

3.1.2.1 Rooms

The rooms sub-tab was used to define the followamgn properties:
= The length and width of the room.

= The height of the room including the slab to sl&ght and the ceiling plenum
height.

= The cooling temperature set point.
= The heating temperature set point.
= Relative humidity set point.

= Cooling drift point which is the maximum range digh the temperature shall
deviate from set point.

= The heating drift point which is the maximum rarggewhich the temperature

shall deviate from set point.

= The thermostat and G@ensor positions.

Table 3.1 details the typical room properties fbr@oms within the building. As

seen in the table the room length and width areclégnt on the respective room.
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Table 3.1: Typical Room Properties at 295 Ann Stret, Brisbane

Length of Room Dependant on the room
Width of Room Dependant on the room
Floor to Floor Height (slab to slab) 3.65m

Ceiling Plenum Height 0.95m

Cooling Set Point 22.5°C

Heating Set Point 21°C

Relative Humidity 50%

Cooling Drift Point 23.5°C

Heating Drift Point 20
Thermostat Sensor Location Room, wall mounted
CO,Sensor Location N/A

The set points detailed in Table 3.1 were obtaifmech the Building Management
System.

3.1.2.2 Roofs

The roofs sub-tab was used to input the roof canstm and the associated thermal
properties. As the top floor of 295 Ann Streeaison air conditioned plant room the
thermal properties of the roof does not affect émergy consumption within the

building.

3.1.2.3 Walls

The walls sub-tab was used to define the wall canson, direction and thermal
properties of all external walls. The followingoperties were defined within the

walls tab:

s The direction of the wall.
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= The length and height of the wall.

= The construction type of the wall.

= The heat transfer coefficient (U-Factor) of thelwal
= The length and height of glass within each wall.

= The type of glass.

= The heat transfer coefficient (U-Factor) of thesgla

= The shading coefficient of the glass.

Typical wall and glass properties within the builgliare detailed in Table 3.2.

Table 3.2: Typical Wall Properties at 295 Ann Streg Brisbane

Direction of Wall Dependant on the room

The Length of Wall Dependant on the room

Height of Wall 3.65m

External Wall Construction 200mm concrete lined with 20mm of
plaster

Heat Transfer Coefficient 1.4479 W/nt°C

(U-Factor) of External Walls

Length of Glass Within Wall Dependant on the room
Height of Glass 1.76m

Type of Glass Single Clear 1/8”
Heat Transfer Coefficient 5.9 W/nf°C

(U-Factor) of Glass

Shading Coefficient of Glass 0.8

The TRACE 700 software contains heat transfer goeffts for a large range of wall,
slab and glazing construction types. As a resatheat transfer coefficients detailed
in Table 3.2 were obtained by selecting the appaiggmvall construction and glass

types. Wall and glazing construction types weentdied during a site inspection.
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3.1.2.4 Internal Loads

The internal loads sub-tab was used to define ribernal loads within each room.

These internal loads include:

= The occupancy levels and the activities being ua#en by occupants.
= Number of workstations per person.

= The type of lighting and the lighting heat gainhintthe room.

= Any miscellaneous loads within the room

The typical internal loads are detailed in Tabk 3.

Table 3.3: Typical Internal loads at 295 Ann Streg Brisbane

People Activity Office

People Density 10 sq m/person
Workstation Density 1 workstation/person
Lighting Type Fluorescent, 100% load to space
Heat Gain From Lighting 15 Winf

AS 1668.2-1991, The Use of Mechanical Ventilatiord aAir-Conditioning in
Buildingsstates that for an office building the typicaldifarea per person is 1 person
per 10m (Standards Australia, 1991). The people densityable 3.3 is based on
this standard. The lighting heat gain of 15 Wimas an assumption made based on

typical industry figures from the period the buildiwas constructed.

3.1.2.5 Airflows

The outside air rates and the infiltration rateseath room were detailed in the
airflows sub-tab. Table 3.4 details the outsideaad infiltration rates used for the

existing building model.
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Table 3.4: Outside Air/Infiltration Rates at 295 Ann Street, Brisbane

Ventilation in Cooling Mode 10 L/s/person
Ventilation in Heating Mode 10 L/s/person
Infiltration in Cooling Mode 1 air change/hour
Infiltration in Heating Mode 1 air change/hour

The outside air rates detailed in Table 3.4 wer&iobd from the mechanical
operation and maintenance manuals. The infiltnatade of 1 air change/hour was an

assumption made and is consistent with the reqeinésrof the BCA.

3.1.2.6 Partition/Floors

The Partition/Floors sub-tab was used to nominatéitipn walls and floors which

affect the heat load of a space. A partition walla wall which divides an air

conditioned space from a non air conditioned sphaeeeby resulting in heat transfer
from one room to another. A wall which divides @nditioned room from another
conditioned room of same temperature is not deeméeé a partition as there will be
no heat transfer between spaces.

For the 295 Ann Street model the only partitionlusathat between the office space
and the building core. On ground level the floaswnodelled as a partition as it
divides the air conditioned ground floor with thennair conditioned plant room level
below. Similarly, the level 16 floor was modellad a partition as it divides the air
conditioned level 15 from the non air conditionédnp room on level 16. Details of

each partition can be seen in Table 3.5.

Table 3.5: Partition/Floors Descriptions at 295 An Street, Brisbane

Partition Wall Construction 8” concrete block
Partition Wall Heat Transfer Coefficient (U-Factor) 2.288 W/ni°C
Slab Construction 12” Concrete
Slab Heat Transfer Coefficient (U-Value) 0.515 W/m°C
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The heat transfer coefficients detailed in Table Bere obtained by selecting the
appropriate construction type scheduled within TRACE 700 program. These
construction types were identified during a sitgoection of the premises.

3.1.3 Create Systems

The create system tab was the location to seletdefine the air side system. As
described earlier in this report the air distribatisubsystem in the existing building
consists of eight central air handling units. Eatthe air handling units consists of a
chilled water cooling coil and a hot water heatowgl. A cold deck fan and a hot
deck fan provide cold and hot supply air to theofflonixing boxes via individual
ductwork reticulation systems. A return air faaws air from the conditioned space
and returns it back to the air handling unit. Hee return air mixes with outside air
to repeat the process. A schematic of a zone gbxax system can be seen in Figure
3.1

optional ‘“
exhaust/return
fan

air from all zones

heating fan

heating/

, reheat coil
main heating Ll

coil

mixing boxes

cooling fan

preheat cooling
coil coil

Figure 3.1: Zone Mixing Box Schematic
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3.1.3.1 Fans

For each of the 8 air distribution systems, farfggarance data was entered into the
fans sub-tab. The fan information was obtainedanfrthe buildings operation and
maintenance manuals. The performance data focdbkng, heating and return air

fans for each system are summarised in Table 3.6.

Table 3.6: Fan Performance Data from Mechanical O&1 Manuals

Svstem Static
ysten Fan Fan Type Pressure
Description D
rop
Cooling Supply Centrifugal, variable speed motgr 0 €&
AHU NW
Heating Supply Axial fan, variable speed motor 620
(Level 1-7)
Return Air Fan Axial fan, variable speed motor 5
Cooling Supply Centrifugal, variable speed motgr 0 #a
AHU NE : : i
Heating Supply Axial fan, variable speed motor| 250
(Levels 1-7)
Return Air Fan Axial fan, variable speed motor Pib
Cooling Supply Centrifugal, variable speed motar 0 #&
AHU SW : : i
Heating Supply Axial fan, variable speed motor £30
(Levels 1-7)
Return Air Fan Axial fan, variable speed motor 220
Cooling Supply Centrifugal, variable speed motar 0 #4
AHU SE : : i
Heating Supply Axial fan, variable speed motor| 240
(Levels 1-7)
Return Air Fan Axial fan, variable speed motor Fao
Cooling Supply Centrifugal, variable speed motgr 0 5@
AHU NW : : i
Heating Supply Axial fan, variable speed motor $@0
(Levels 8-15)
Return Air Fan Axial fan, variable speed motor 380
Cooling Supply Centrifugal, variable speed motar 0 ¥Ph
AHU NE : : i
Heating Supply Axial fan, variable speed motor Lz 0]
(Levels 8-15)
Return Air Fan Axial fan, variable speed motor 8o
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Cooling Supply Centrifugal, variable speed motar 5 #4
AHU SW

(Levels 8-15)

Heating Supply Axial fan, variable speed motor 242 9)

Return Air Fan Axial fan, variable speed motor 50

Cooling Supply Centrifugal, variable speed motgr 0 P2
AHU SE

(Levels 8-15)

Heating Supply Axial fan, variable speed motor| P20

Return Air Fan Axial fan, variable speed motor K1e30)

3.1.4 Assign Rooms to Systems
The purpose of the assign rooms to system tab evdefine the rooms each airside

system serves. Table 3.7 details the room assigisnused throughout this model.

Table 3.7: Room to System Assignment for the Existy Building Model

AIR SIDE SYSTEM ROOM ASSIGNMENT
AHU NW (Levels 1-7) Zones 15, 16, 17 & 18 from l&vé& to 7
AHU NE (Levels 1-7) Zones 10, 11, 12,13 & 14 freawels 1 to 7
AHU SW (Levels 1-7) Zones 1, 2, 3,4, &5 from levé to 7
AHU SE (Levels 1-7) Zones 6, 7, 8 & 9 from level®l7

AHU NW (Levels 8-15) Zones 15, 16, 17 & 18 fromééx8 to 15

AHU NE (Levels 8-15) Zones 10, 11, 12, 13 & 14 frtawels 8 to 15

AHU SW (Levels 8-15) Zones 1, 2, 3, 4, &5 fromédé&8 to 15

AHU SE (Levels 8-15) Zones 6, 7, 8 & 9 from lev8l®o 15

3.1.5 Create Plants

The main cooling and heating plants were createlddafined in the create plants tab.
A summary of the cooling and heating plants exgstiithin the building are detailed
in Table 3.8. This information was obtained frohe tbuildings operation and

maintenance manuals and mechanical as-installedrdys.
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Table 3.8: Existing Building Cooling and Heating Fant

COOLING PLANT

Equipment Description | Equipment Type | Capacity COP | &quencing
Water Cooled Chiller-1 Centrifugal 22110 kW 5.2 Parallel
Stage with VSD
Water Cooled Chiller-2 Centrifugal 21800 kwW 5.2
Stage with VSD
Water Cooled Chiller-3 Reciprocating 450 kW 3
Water Cooled Chiller-4 Reciprocating 450 kW 3
Cooling Tower 1 Single Speed Fah2450 kW N/A Parallel
Cooling Tower 2 Single Speed Fa‘n2450 kW N/A
Chilled Water Pump 1 Constant Volume 40 kW N/A  dien
Chilled Water Pump 2 Constant Volume 40 kW N/A  dien
Chilled Water Pump 3 Constant Volume 22 kW N/A  dien
Chilled Water Pump 4 Constant Volume 22 kW N/A  dien
Condenser Water Pump L Constant Volume 20 kW N/AIngl&
Condenser Water Pump 2 Constant Volume 20 kW N/AIngl&
Condenser Water Pump B Constant Volume 11 kW N/AingI8
Condenser Water Pump 4  Constant Volume 11 kW N/AingI8
HEATING PLANT
Boiler 1 Gas Fired Calculated 1y83.3% | Single
TRACE
Heating Water Pump Constant Volume 15 kW N/A  Single
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3.1.6 Assign Systems to Plants

The final stage in the modelling process was tigadbe air side systems to the main
cooling and heating plants. Systems were assigaeglants by assigning all the
cooling coils to the main cooling plant and all tieg coils to the heating plant.

3.2 Modelling the BCA 2010 Reference Buildings

As described in Section 2.5 of this report, in orgeassess if a building is compliant
with the Building Code of Australia 2010, its prgeo greenhouse gas emissions
must be compared with that of a reference buildindy. reference building is a
hypothetical building that is used to calculate riximum allowable greenhouse gas
emissions for the proposed building. The followsupsections detail the modelling
of the reference buildings.

3.2.1 Wall Thermal Performance Values

Table 3.9 details the difference in the wall thdrpaformance values between the
existing building and the reference building. Tieéerence building performance
values were obtained from Part J1 of the Buildirafl€ of Australia 2010, which is

the Building Fabrideemed-to-Satisfy Provisians

Table 3.9: Reference Building Roof and Wall ThermaPerformance

Existing Building Reference Building Value
Value
Wall Heat Transfer Coefficient| 1.4479 W/m°C 0.303 W/mrC
(U-Value)
Wall Solar Absorptance 0.9 0.6
Infiltration Rates 1 air changes/hour 1 air change/hour
Heat from Lighting 15 Winf 9 Wint
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3.2.2 Glazing

To determine the glazing performance of the refegebuilding, the BCA2010

glazing calculator was used. The calculator perfoequation (2) detailed in Section

2.5 of this report. The following data was reqdite be inputted into the spread

sheet in order to perform the calculation:

= The facade area in each direction.

= The height and width of each glazing element.

= The thermal performance of the glass includinghéat transfer coefficient and
the glass shading coefficient.

= Dimensions of the physical shading around the wiwsdmcluding overhangs and
reveals.

= The climate zone of which the building is located.

Appendix F contains the glazing calculator using thxisting buildings glass

properties. As all floors are typical the calcidathas been performed for one level

only. It can be seen in the far right hand columhithe spread sheet that the glass

does not comply due to:

= The aggregate air conditioning energy value attedio the glazing in the north-
western direction is 163% of the allowable quantity

= The aggregate air conditioning energy value attedto the glazing in the north-
eastern direction is 201% of the allowable quantity

= The aggregate air conditioning energy value atteéuo the glazing in the south-
western direction is 115% of the allowable quantity

= The aggregate air conditioning energy value atteé@uo the glazing in the south-

eastern direction is 131% of the allowable quantity

As described earlier, the allowable energy valuso@ated with the glazing is
obtained by multiplying the facade area exposedheo conditioned space by the

energy index. The energy index for a buildinglimate zone 2 is 0.173.

To determine the thermal performance of the glabsclwwill comply with the

BCA2010, the glazing calculator is used in an tieea process. The glass
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performance is increased until the aggregate aiditioning energy value is 100% of
the allowable quantity. The glazing calculatopresented in Appendix G and the

compliant glass properties detailed in Table 3.10.

Table 3.10: BCA2010 Compliant Glazing for 295 Ann Beet, Brisbane

Aspect Heat Transfer Coefficient Shading Coefficient (SHGC)
(U-Value)
North-West 3.4 0.48
North-East 3.4 0.4
South-West 3.4 0.69
South-East 3.4 0.61

3.2.3 System and Plant Level

Section JV3, d, (ii) of the BCA2010 requires thhé tproposed building and the
reference building be modelled with the same anddmning system configuration
and zones. As a result, for this project a refegebuilding was modelled for the

following system configurations:

= Mixing box with central air handling plant.

= Variable air volume with central air handling plant
= Variable air volume with floor air handling plant.

= Active chilled beams with central air handling glan

= Active chilled beams with floor air handling plant.

As described in Section 2.4.3, trigeneration iseaargy production plant rather than
an air conditioning system. The trigeneration raliives modelled as part of this
research project are in combination with the amdititoning systems listed above.
For this reason a separate reference building wasequired to be modelled for the
trigeneration alternatives as the reference buglslishetailed above will be suitable.

The system and plant level differences betweereitr®ing model and the reference
building models can be seen in Table 3.11 below.
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Table 3.11: BCA2010 Reference Building Plant Perfmance

Existing Building Reference Building Value

Value
Airside System Economiser None Outdoor air economy cycle
Boiler Efficiency 83% 80%
Chiller Coefficient of 52&3 4.2

Performance (COP)

It can be seen in Table 3.11, that the existindding has chillers with better energy
efficiency than that required by the referencedind. The existing buildings chillers
have a coefficient of performance (COP) of 5.2 &n3Zomparison to the reference
building with a COP of 4.2.

3.3 Modelling the Proposed Upgrades

After modelling the existing building and the Build Code of Australia reference
buildings the proposed upgrades were modelled. bElev subsections describes the
modelling of the proposed upgrades.

3.3.1 Variable Air Volume

The first system modelled was a variable air volusgetem. A schematic of a

variable air volume system from the TRACE 700 saf®vis presented in Figure 3.2.

34



optional
exhaust/return
fan

VAV terminal

>;.I—>

main heating/
reheat coil A

primary
fan

preheat cooling
coil coil

Figure 3.2: Variable Air Volume System Schematic

For a high rise application such as 295 Ann Stieefriable air volume system can
be configured in two ways. The first configuratigncentral air handling plant. An
air handling plant is made up of the primary fanglmg coil and heating coil. The
air handling plant shall be located in a centralipéant room and serve the same

zones over a number of floors.

The second configuration is floor air handling plafhis configuration involves an
air handling unit being located on each floor watle air handling unit serving the
entire floor. The supply air fan on each floor Islpaovide supply air to the 18
variable air volume boxes on the respective floBath of these configurations have

been modelled as part of this assessment and &@iteden the sub sections below.

3.3.1.1 Central Air Handling

Variable air volume combined with central air hanglplant was the first variable air
volume configuration modelled. Similar to the ¢ixig system, the system shall
consist of eight central air handling units. Faentral air handling units shall be
located in the Level 16 plant room and be dedicatethe north-east, south-east,
south-west and north-west zones on levels 8 tonthsive. The remaining four

central air handling units shall be located in lilnger ground plant room and serve
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the north-east, south-east, south-west and north-w@nes on levels ground to 7

inclusive.

In order to model this upgrade alternative the re@md plants created in the existing

building model were copied for continuity betwedre tfiles. Eight variable air

volume systems were then created under the systdnas per Table 3.12.

Table 3.12: Fan Performance — Variable Air VolumeCombined With Central Air Handling

System Static
Description Fan Fan Type Pressure
Drop
AHU Nw | Cooling Supply Centrifugal, variable speed motor 0 &
(Level 1-7) Return Air Fan Axial fan, variable speed motor 36
AHU NE | Cooling Supply Centrifugal, variable speed motor 0 &#a
(Levels 1-7)  Return Air Fan | Axial fan, variable speed motor kb
AHU sw | Cooling Supply Centrifugal, variable speed motor 0&a
(Levels 1-7)  ['Return Air Fan Axial fan, variable speed motor 20
AHU sg | Cooling Supply Centrifugal, variable speed motor 0 &4
(Levels 1-7)  ['Return Air Fan Axial fan, variable speed motor 300
AHU Nw | Cooling Supply Centrifugal, variable speed motor 0 5&
(Levels 8-15) Return Air Fan | Axial fan, variable speed motor %80
AHU NE | Cooling Supply Centrifugal, variable speed motor (0] -1
(Levels 8-15) Return Air Fan | Axial fan, variable speed motor %80
AHU sw | Cooling Supply Centrifugal, variable speed motor 5 &4
(Levels 8-15) ["Return Air Fan Axial fan, variable speed motor 30
AHU sg | Cooling Supply Centrifugal, variable speed motor 0F2
(Levels 8-15) "Return Air Fan Axial fan, variable speed motor K2e30)
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The fan static pressure drop used in this systems thva same as that used in the
existing building. This is assuming duct is siafficiently and similar duct runs are
used for the upgraded system. It can be seen lileT&12 that the variable air
volume system contains only a cooling supply fad ameturn air fan, in comparison

to the existing mixing box system which also camsaa heating supply fan.

3.3.1.2 Floor Air Handling

In order to model a variable air volume system idlor air handling plant the rooms
and plants created in the existing building modefercopied for continuity. As there
shall be an air handling unit dedicated to eaclrfl@ixteen variable air volume
systems were created under the systems tab. Simithe existing building model

fan performances were detailed in the fans sulatabare summarised in Table 3.13.

Table 3.13: Fan Performance - Variable Air VolumeCombined With Floor Air Handling

Svstem Static
yster Fan Fan Type Pressure
Description
Drop
AHU Ground | Supply Air Fan Centrifugal, variable sdemotor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2Bh
AHU Level 1 | Supply Air Fan Centrifugal, variableesga motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2PBh
AHU Level 2 | Supply Air Fan Centrifugal, variableesa motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2 Bh
AHU Level 3 | Supply Air Fan Centrifugal, variableesal motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2PBh
AHU Level 4 | Supply Air Fan Centrifugal, variableesga motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2PBh
AHU Level 5 | Supply Air Fan Centrifugal, variableesga motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2Bh
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AHU Level 6 | Supply Air Fan Centrifugal, variableesal motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2 Bh
AHU Level 7 | Supply Air Fan Centrifugal, variableesga motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2PBh
AHU Level 8 | Supply Air Fan Centrifugal, variableesga motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2 Bh
AHU Level 9 | Supply Air Fan Centrifugal, variableesa motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2 Bh
AHU Level 10| Supply Air Fan Centrifugal, variableed motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2PBh
AHU Level 11| Supply Air Fan Centrifugal, variableed motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2PBh
AHU Level 12| Supply Air Fan Centrifugal, variableed motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2Bh
AHU Level 13| Supply Air Fan Centrifugal, variablee®d motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2 Bh
AHU Level 14 | Supply Air Fan Centrifugal, variableed motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2PBh
AHU Level 15| Supply Air Fan Centrifugal, variableed motor 448 Pa
Return Air Fan Centrifugal, variable speed motor 2PBh

To approximate the static pressure drop for therfeupply and return air fans it was
assumed that the floor level supply and returrdagtwork was configured and sized
in the same arrangement as the existing ductwdrke supply and return air fan

static pressure drop for the central air handliggtesns were averaged and the
approximated riser losses were subtracted. Talk @esents these calculations for
both the supply and return air fan.
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Table 3.14: Floor Air Handling Supply and Return Air Fan Pressure Drop Calculation

Supply Air Fan

Return Air Fan

Average Cooling Supply Fan Pressure Dyop 493 357
from the Existing System

Approximate Riser Pressure Losses 50 50
Approximate Static Pressure Drop for 448 312

Floor Air Handling Configuration

3.3.2 Active Chilled Beams

A schematic of an active chilled beams system ftloenTRACE 700 software can be

seen in the Figure 3.3.
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Figure 3.3: Active Chilled Beams System Schematic

Similar to a variable air volume system an activelled beam system can be

configured in two ways, being a central air hangligystem and a floor air handling

system. Both of these configurations were modedkedetailed in the following sub-

sections.
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3.3.2.1 Central Air Handling

To ensure consistency between the files the roomisnaain cooling and heating
plants were copied from the existing building modetight active chilled beam
systems were then created under the systems tab.

Similar to the existing system this upgrade alteweashall consist of eight central air
handling plants. Four central air handling unitalsbe located in the Level 16 plant
room and be dedicated to the north-east, south-sasth-west and north-west zones
on levels 8 to 15 inclusive. The remaining fountcal air handling units shall be
located in the lower ground plant room and seneertbrth-east, south-east, south-

west and north-west zones on levels ground to ldsne.

The static pressure drop used in this system weasdme as that used in the existing
building model. This was based on the assumptlwat the duct sizing and
configuration will be the same as the existing.e Tan performance details for the

active chilled beam system with central air hargljprant are presented in Table 3.15.

Table 3.15: Fan Performance - Active Chilled Beam#/ith Central Air Handling Plant

System Static Pressure
o Fan Fan Type
Description Drop

AHU Nw | Cooling Supply | Centrifugal, variable speed motor 0 6a

(Level 1-7)  "'Return Air Fan | Axial fan, variable speed motor 396

AHU NE | Cooling Supply | Centrifugal, variable speed motor o0&

(Levels 1-7) ["Return Air Fan | Axial fan, variable speed motor )

AHU sw | Cooling Supply | Centrifugal, variable speed motor o0&z

(Levels 1-7) ['Return Air Fan | Axial fan, variable speed motor 20

AHU sg | Cooling Supply | Centrifugal, variable speed motor 0 P4

(Levels 1-7) ["Return Air Fan | Axial fan, variable speed motor 300

AHU Nw | Cooling Supply | Centrifugal, variable speed motor 0 5&

(Levels 8-15) Return Air Fan | Axial fan, variable speed motor o)
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AHU NE | Cooling Supply | Centrifugal, variable speed motor 0 ¥%h

(Levels 8-15) Return Air Fan | Axial fan, variable speed motor o)

AHU  sw | Cooling Supply | Centrifugal, variable speed motor 5pa

(Levels 8-15)[ Return Air Fan | Axial fan, variable speed motor 30

AHU sg | Cooling Supply | Centrifugal, variable speed motor 092

(Levels 8-15) Return Air Fan | Axial fan, variable speed motor X230)

Similar to the variable air volume system the acthilled beams system contains a
cooling supply fan and a return air fan, in comgami to the existing mixing box
system which also contains a heating supply fan.

3.3.2.2 Floor Air Handling Plant

To model the floor air handling active chilled besasystem the rooms and main
cooling and heating plants created in the exisbogding model were copied and
reused to ensure consistency between the modedstheke will be an air handling
unit dedicated per floor sixteen active chilled ineasystems were created under the

systems tab. Fan performances were detailed ifatteesub-tab and are summarised
in Table 3.16.

Table 3.16: Fan Performance - Active Chilled Beam#/ith Floor Air Handling Plant

Svstem Static

ysten Fan Fan Type Pressure

Description
Drop

AHU Ground Supply Air Fan | Centrifugal, variable sgdemotor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2PBh

AHU Level 1 Supply Air Fan | Centrifugal, variableegal motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2Bh

AHU Level 2 Supply Air Fan | Centrifugal, variableesg motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2Bh
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AHU Level 3 Supply Air Fan | Centrifugal, variableesg motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2 Bh
AHU Level 4 Supply Air Fan | Centrifugal, variableega motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2PBh
AHU Level 5 Supply Air Fan | Centrifugal, variableega motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2Bh
AHU Level 6 Supply Air Fan | Centrifugal, variableesg motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2Bh
AHU Level 7 Supply Air Fan | Centrifugal, variableesg motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2PBh
AHU Level 8 Supply Air Fan | Centrifugal, variableega motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2PBh
AHU Level 9 Supply Air Fan | Centrifugal, variableesg motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2 Bh
AHU Level 10 Supply Air Fan | Centrifugal, variableesed motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2 Bh
AHU Level 11 Supply Air Fan | Centrifugal, variableeed motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2PBh
AHU Level 12 Supply Air Fan | Centrifugal, variableeed motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2PBh
AHU Level 13 Supply Air Fan | Centrifugal, variableesd motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2Bh
AHU Level 14 Supply Air Fan | Centrifugal, variableesed motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2PBh
AHU Level 15 Supply Air Fan | Centrifugal, variableeed motor 448 Pa
Return Air Fan | Centrifugal, variable speed motor 2PBh
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The static pressure drops in Table 3.16 were catiedlas detailed within Table 3.14.
In order to approximate the static pressure dropttie floor supply and return air
fans it was assumed that the floor level supply aedlirn air ductwork was

configured in the same arrangement as the exidtilcgvork. The supply and return
air fan static pressure drops for the existing esyst were averaged and the

approximated riser losses were subtracted.

3.3.3 Trigeneration Combined With Zone Mixing Boxes

Trigeneration combined with zone mixing boxes waes hext upgrade alternative to
be modelled. Trigeneration forms part of the n@ant and as such was modelled in
the create plants tab within TRACE 700. As a zomeing boxes system is used
within the existing building, the rooms and systdnosn the existing building model

were copied into this model. This ensures thatd#fierences in energy usage
between the alternatives are related to the ditesystems rather than errors in

modelling.

As detailed in Section 2.4.3 of this report trigettien utilises a gas turbine power
generator to simultaneously produce electricity ageful heat. The useful heat can

be used for either heating or transformed intoiogotnergy by an absorption chiller.

Table 3.17 details the equipment within the prodasigeneration plant. A 500 kW
gas fired generator shall produce electricity whiko producing useful heat to power
water cooled chiller 1, which is a two stage ab8ompchiller. It can be seen that the
absorption chiller has a coefficient of performarfGOP) of 1.23 which is much
lower than that of the existing water cooled chilehich is 5.2. Although the
absorption chiller has a lower energy efficiencyuges waste heat from the gas

turbine which would otherwise be wasted.
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Table 3.17: Trigeneration Equipment Schedule

COOLING PLANT

Equipment Description | Equipment Type Capacity | COP | $quencing
Water Cooled Chiller-1 2 Stage Absorption 500 kW  231. Sidecar
Water Cooled Chiller-2 Centrifugal 2 Stag2110 kw 5.2
with VSD
Water Cooled Chiller-3 Centrifugal 2 Stag&800 kw 5.2 Parallel
with VSD

Water Cooled Chiller-4 Reciprocating 450 kW 3
Cooling Tower 1 Single Speed Fans 2450 kW NAA

Parallel
Cooling Tower 2 Single Speed Fans 2450 kW NAA
Chilled Water Pump 1 Constant Volume 40 kW N/A dhén
Chilled Water Pump 2 Constant Volume 40 kW N/A dhén
Chilled Water Pump 3 Constant Volume 22 kW N/A ghen
Chilled Water Pump 4 Constant Volume 22 kW N/A ghen
Condenser Water Pump L Constant Volume 20 kW N/A  ingl&
Condenser Water Pump 2 Constant Volume 20 kW N/A  ingl&
Condenser Water Pump 3  Constant Volume 11 kW N/A  ingl&
Condenser Water Pump ¢4 Constant Volume 11 kW N/A  ingl&
GENERATOR PLANT
Generator -1 Gas Fired 500 kW N/A Single
HEATING PLANT
Boiler 1 Gas Fired Calculatedd3.3% | Single

by TRACE

Heating Water Pump Constant Volume 15 kw N/A  Single
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3.3.4 Trigeneration Combined with Floor Level Variable Air Volume System

Trigeneration combined with a floor level varialadi volume system was the next
upgrade alternative modelled. The trigeneratiommaonent was modelled in the
create plants section of the TRACE 700 softwarelevkihe variable air volume

component was modelled in the create system section

In order to model this system, the rooms were abptem the existing building
model previously created. Furthermore the flomelevariable air volume systems
and the trigeneration plant were copied from thelehaletailed in Section 3.3.1.2 &

3.3.3 respectively.

3.3.5 Trigeneration Combined with Floor Level Active Chilled Beam System

The final system modelled was a combination ofetngration and floor level active
chilled beams. To model this system, the rooms wengied from the existing
building model previously created. Furthermore flber level active chilled beams

system was copied from the previous model detaileékction 3.3.2.2.
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4. ANALYSIS OF RESULTS

This chapter will discuss and analyse the resulith@® modelling as detailed in the
previous chapters. All energy consumption and dreese gas emissions data
tabulated in this chapter are based on the medilaaguipment only. For each
energy model, the energy associated with the hghénd miscellaneous equipment
was subtracted from the total building energy camstion. The difference is the

energy used by the mechanical services plant only.

4.1 Actual Usage During Baseline Year

A monthly NABERS tracking report prepared by EP&TAugust 2010 details the
electrical energy consumed by the buildings meda=@rservices equipment for a
twelve month period between November 2008 and @ct@09. The report does
not detail the gas consumed by the gas fired béoleheating purposes. Table 4.1
lists the electrical energy consumed during theelras year of November 2008 to
October 2009. Discussions with building managensentirm the building was fully

occupied during this period.

Table 4.1: Mechanical Plant Actual Electrical Enegy Consumption During Baseline Year

Month, Year Actual Monthly Electricity Consumption
(kWh)
November, 2008 343969
December, 2008 432360
January, 2009 366973
February, 2009 350563
March, 2009 374136
April, 2009 333742
May, 2009 312809
June, 2009 230541
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July, 2009 168221
August, 2009 216048
September, 2009 278952
October, 2009 382076
Annual Consumption 3790390

4.2 Existing Building Calculated Energy Usage

The first energy analysis undertaken was that efetkisting building. Appendix H
contains the TRACE 700 output file for this modédihe calculated monthly energy

usage associated with the mechanical serviceamsnauised in Table 4.2. The total

energy usage consists of both electrical energygastnergy.

Table 4.2: Calculated Energy Consumption for the Eisting Mechanical Plant

Month Calculated Monthly Electricity Calculated Monthly Gas
Consumption (kWh) Consumption (kWh)
November 333204 13732
December 396020 9716
January 427776 4523
February 388048 1685
March 386994 7691
April 307441 27162
May 259710 88294
June 210165 151500
July 202278 184253
August 209937 154253
September 225749 87970
October 289788 44723
Annual 3637110 775502

47




The greenhouse gas emissions associated with #hetriehl and gas energy
consumption were calculated using the formulas emdsions factors described in
Section 2.2 of this report.

For the month of November the greenhouse gas emssassociated with the

electrical energy consumption was calculated deviat

E =EF X kWh

From table 2.1, for Queenslaif#=1.02

E =1.02 x 333204 = 339868 kg CO-e

Likewise, the greenhouse gas emissions associatiedh& gas energy consumption
for the month of November was calculated as foltows

Etotal = Eco2 + Echa + Enzo

where,

Ecos = Q X EF = 13732 % .0036 x 51.2 = 2531.1 kg CO-e
Ecpa = Q X EF = 13732 % .0036 x 0.1 = 4.9 kg CO-€
Enzo = Q X EF = 13732 % .0036 x 0.03 = 1.5 kg CO-e

Therefore,

Eiotas = 2531.1 + 4.9 + 1.5 = 2537.5 kg &©

Table 4.3 details the calculated monthly emissiamsl the calculated annual

emissions associated with the existing buildingshmaical services.
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Table 4.3: Calculated Greenhouse Gas Emissions ftite Existing Buildings Mechanical Plant.

Month Calculated Electricity Calculated Gas Total Calculated
Consumption Consumption Emissions
Emissions (kg CQ-e) | Emissions (kg CQ-e) (kg CO.-€)
November 339868 2538 342406
December 403940 1795 405736
January 436332 836 437167
February 395809 311 396120
March 394734 1421 396155
April 313590 5019 318609
May 264904 16316 281220
June 214368 27995 242364
July 206324 34048 240371
August 214136 28504 242640
September 230264 16256 246520
October 295584 8264 303848
Coﬁgﬁr‘]ﬁ'ﬂon 3709852 143303 _ 3853156

4.3 Calculated Consumption versus Actual Consumptio

In order to verify the results of the energy madell the calculated electricity

consumption was compared with the actual eleggrmnsumption from the baseline
year. The baseline year is from November 2008dimiaer 2009, as detailed in Table
4.1.

Table 4.4 presents a comparison between the ctdduddectricity consumption and
the actual electricity consumption from the baselyear. It can be seen that the
calculated annual electricity consumption is 96%haf actual electricity consumed

during the baseline year.
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Table 4.4: Calculated Electrical Energy Consumptia versus Actual Electrical Energy
Consumption

Month Calculated Monthly Actual Monthly Calculated Consumption
Electricity Electricity Percentage of the Actual
Consumption (kWh) |Consumption (kWh) Consumption
November 333204 343969 96.9
December 396020 432360 91.6
January 427776 366973 116.6
February 388048 350563 110.7
March 386994 374136 103.4
April 307441 333742 92.1
May 259710 312809 83.0
June 210165 230541 91.2
July 202278 168221 120.2
August 209937 216048 97.2
September 225749 278952 80.9
October 289788 382076 75.8
Annual 3637110 3790390 96.0
Consumption —

Figure 4.2 shows a graph of the calculated elegtraonsumption versus the actual
electricity consumption on a month by month basis.
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Figure 4.1: Actual Electrical Energy Consumption \ersus Calculated Electrical Energy Usage

It can be seen within this graph that the trenthefcalculated consumption is similar

to that of the actual. The monthly calculated comgtion percentage of the actual
consumption tabulated in Table 4.4 has been depiotEigure 4.2.
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Figure 4.2: Calculated Percentage of Actual Consuption
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For all months except October the calculated comsgiom is within 20% of the actual
consumption. In October this increased out to 249ferences between the
calculated consumption and actual consumption eaatesult of the following:

= Ambient air temperatures above or below averagéparticular month.

= Occupancy levels above or below the assumed levels.

= Outside air infiltration above or below the assurteaels.

= Activities undertaken within the space.

The comparison between the calculated electricatggnconsumption and the actual

electrical energy consumption validates the TRAQE 8oftware and proves the

assumptions made during the modelling were accurtés is due to:

= The calculated annual electricity consumption i8696f the actual electricity
consumed during the baseline year.

= Similar trending between the calculated monthlyteieity consumption and the
actual electricity consumption during the baseliaar.

4.4  Existing Building BCA Compliance

To determine if the existing building and its sysseis compliant with Building Code
of Australia, the reference building was modellsddatailed in Chapter 3. As the
Building Code of Australia requires that the refere building be modelled with the
same systems and configuration as the proposeditgiilthe reference building was
modelled with zone mixing boxes and central airdhag plant. Appendix | contains
the TRACE 700 output file for this model.

Table 4.5 details the calculated energy usage arnmbeguent greenhouse gas
emissions associated with the BCA 2010 referendeibg for a mixing box system
with central air handling. Columns 2, 3 & 4 lieetmonthly electrical, gas and total
calculated energy consumptions which are outpuis fthe TRACE 700 energy
model. Using the emissions factors and formulaBnee in Section 3.2 the
greenhouse gas emissions were calculated andsteé ih columns 5, 6 & 7 of Table
4.5.
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Table 4.5: BCA 2010 Reference Building Calculatediiergy Consumption and Greenhouse Gas

Emissions for the Existing Mechanical Services

Month |Calculated|Calculated|Calculated| Calculated | Calculated [Calculated
Electrical |Gas Energy Total Electricity Gas Total
Energy Usage Energy |Consumption |Consumption |Emissions
Grage | qany | Ceage | Emssons | Emissons. g co.e
Nov 309358 5376 314734 315545 993 316539
Dec 369536 3834 373370 376927 708 377635
Jan 402352 1339 403691 410399 247 410646
Feb 364408 503 364911 371696 93 371789
March | 356456 3261 359717 363585 603 364188
April 280076 12335 292411 285678 2279 287957
May 228087 44221 272308 232649 8172 240820
June 181142 81379 262521 184765 15038 199803
July 170077 108961 | 279038 173479 20135 193613
Aug 176509 83625 260134 180039 15453 195492
Sep 197552 41218 238770 201503 7617 209120
Oct 266773 22160 288933 272108 4095 276203
AJ:;;e' 3302326 | 408212 | 3710538 | 3368373 75433 | 3443805

It can be seen in Table 4.5 that for the existingding to be compliant with the
Building Code of Australia 2010, its mechanicalvims annual emissions has to be
less than 3443805 kg G&e. As detailed in Table 4.3 the calculated annual
emissions of the existing building is 3853156 kg €®©which is 12% greater than
that of the reference building. As a result thestaxg building in its current

configuration is not compliant with the BCA 2010.
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Figure 4.3 presents a graph of the existing bugslicalculated greenhouse gas
emissions versus the reference buildings calculggesd emissions on a month by

month basis. It can be seen in the graph thatdfegence building is consistently
more efficient over each month of the year.
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Figure 4.3: Existing Building Calculated Greenhousésas Emissions Versus BCA 2010 Reference
Building Emissions

4.5 Upgrade Alternatives Energy Usage
4.5.1 Variable Air Volume with Central Air Handling Plant

The first upgrade alternative to be modelled wam@able air volume system with
central air handling. The TRACE 700 output file fbis system is presented in
Appendix J. Similar to the previous model, Tablé gresents the calculated energy

usage and subsequent greenhouse gas emissionsi@sswoith a variable air volume
system with central air handling plant.
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Table 4.6: Calculated Energy Consumption and Gredmuse Gas Emissions for a Variable Air

Volume System with Central Air Handling

Month |Calculated |Calculated| Calculated| Calculated | Calculated |Calculated
Electricity Gas Total Electricity Gas Total
Energy Energy Energy |Consumption |Consumption | Emissions
Usage Usage Usage Emissions Emissions (kg CO,-€)
(kWh) (kWh) (kWh) (kg COxe) | (kg CO.e)
Nov 316818 0 316818 323154 0.0 323154
Dec 382657 0 382657 390310 0.0 390310
Jan 417752 0 417752 426107 0.0 426107
Feb 379378 0 379378 386966 0.0 386966
March | 375742 0 375742 383257 0.0 383257
April 286314 0 286314 292040 0.0 292040
May 219897 0 219897 224295 0.0 224295
June 164780 2 164782 168076 04 168076
July 155936 1140 157076 159055 210.7 159265
Aug 167239 593 167832 170584 109.6 170693
Sep 194130 0 194130 198013 0.0 198013
Oct 262881 0 262881 268139 0.0 268139
Annual | 3323524 1735 | 3325259 | 3389994 320.6 3390315

The calculated annual emissions associated withriable air volume system with
central air handling plant are 3390315 kg £€ Upgrading the building to this
system would result in an annual greenhouse gassems savings of 12% compared

with the existing buildings calculated emissions.

To determine if this system is compliant with theilBing Code of Australia 2010, a
reference building was modelled. The referencddimg was modelled with a
variable air volume system and central air handpfent which is the same system
and configuration as the proposed upgrade. The JRAOO output file for this

system is presented in Appendix K. Similar to ppes models, the calculated
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energy consumption and subsequent greenhouse gesi@m are presented in Table

4.7.

Table 4.7: BCA 2010 Reference Building CalculateEnergy Consumption and Gas Emissions

for a Variable Air Volume System with Central Air H andling

Month |Calculated|Calculated | Calculated| Calculated | Calculated | Calculated
Electricity Gas Total Electricity Gas Total
Energy | Energy Energy |Consumption [Consumptior] Emissions
Usage Usage Usage Emissions Emissions (kg CO-€)
(kWh) (kWh) (kWh) (kg COxe) | (kg CO.-e)
Nov 297700 0 297700 303654 0 303654
Dec 358911 0 358911 366089 0 366089
Jan 393749 0 393749 401624 0 401624
Feb 358355 0 358355 365522 0 365522
March | 347134 0 347134 354077 0 354077
April 265038 0 265038 270339 0 270339
May 201874 0 210874 205911 0 205911
June 144555 1338 145893 147446 247 147693
July 135414 468 135882 138122 86 138209
Aug 146475 0 146475 149405 0 149405
Sep 177551 0 177551 181102 0 181102
Oct 249295 0 249295 254281 0 254281
Annual | 3076051 1806 3077857 3137572 334 3137906

It can be seen in Table 4.7, that the calculateatba@anemissions of the reference
building is 3137906 kg C£e.
emissions of the proposed upgrade is 3390315 kg-€@hich is 8% greater than

As detailed in Table 4.6, the calculated ahnua

that of the reference building. As a result thealde air volume system with central

air handling plant is not compliant with the Buildi Code of Australia.
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Figure 4.4 shows a graph which compares the caémilmonthly greenhouse gas
emissions of the variable air volume system witintiad air handling plant, the
associated reference building and the existinglingl
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Figure 4.4: Calculated Monthly Emissions of a Varible Air Volume System with Central Air
Handling, BCA 2010 Reference Building and Existind@uilding

It can be seen in Figure 4.4 that the majorityrafssions savings associated with the
variable air volume system occur in the winter nhent As discussed in Section
2.4.1, this is a result of the variable air volusystems ability to provide both fan and
refrigeration part load energy savings. When tbeling demand is minimal the
variable air volume damper modulates closed whrelates an opportunity to reduce
the speed of the fan which reduces fan energy.s Tdiluced airflow across the
cooling coil reduces the energy demand on the gefation system thus saving
energy in the main cooling plant (Trane, 2001).
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4.5.2 Variable Air Volume System with Floor Air Handling Plant

The next system modelled was a variable air volsgstem with floor air handling.
Appendix L contains the TRACE 700 output file fhist alternative. Similar to the
previous models, the calculated energy consumm@iuh the associated greenhouse

gas emissions are presented in Table 4.8.

Table 4.8: Calculated Energy Consumption and Gas Eissions Associated with a Variable Air

Volume System with Floor Air Handling

Month (Calculated | Calculated|Calculated| Calculated | Calculated | Calculated
Electricity |Gas Energy Total Electricity Gas Total
Energy Usage Energy Cons'um'ption Cons_umption Emissions
@i | ©Y | G | Ggcore | kg Cove | 49C0r®
Nov 304976 0 304976 311076 0 311076
Dec 367453 0 367453 374802 0 374802
Jan 401650 0 401650 409683 0 409683
Feb 366316 0 366316 373642 0 373642
March | 359853 0 359853 367050 0 367050
April 273143 0 273143 278606 0 278606
May 208317 0 208317 212483 0 212483
June 158620 139 158759 161792 26 161818
July 148226 844 149070 151191 156 151346
Aug 158704 362 159066 161878 67 161945
Sep 184968 0 184968 188667 0 188667
Oct 252015 0 252015 257055 0 257055
Annual | 3184241 1345 3185586 3247926 249 | 324817

The calculated greenhouse gas emissions assoaiatkeda variable air volume
system with floor air handling plant is 3248174 €®.—e.

This is a savings of

approximately 15.7% compared to the calculated €oms of the existing building.
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Similar to previous models, Table 4.9 displaysdakulated energy consumption and
greenhouse gas emissions of the associated re¢edemitding. The reference
building was modelled with a variable air volumeteyn and floor air handling plant.

The TRACE 700 output file for this system is presdrin Appendix M.

Table 4.9: BCA 2010 Reference Building CalculateEnergy Consumption and Gas Emissions

for a Variable Air Volume System with Floor Air Handling

Month |Calculated |Calculated|Calculated | Calculated | Calculated [Calculated
Electricity |Gas Energy Total Electricity Gas Total
Energy Usage | Energy Cons_um_ption Cons_um_ption Emissions
pooge | qaum) | fhege | Emssions | Emssos g co.o
Nov 289887 0 289887 295685 0 295685
Dec 349873 0 349873 356870 0 356870
Jan 384196 0 384196 391880 0 391880
Feb 349275 0 349275 356261 0 356261
March | 337572 0 337572 344323 0 344323
April 257060 0 257060 262201 0 262201
May 195205 0 195205 199109 0 199109
June | 140897 0 140897 143715 0 143715
July 131445 42 131487 134074 8 134082
Aug 141234 16 141250 144059 3 144062
Sep 172311 0 172311 175757 0 175757
Oct 241886 0 241886 246724 0 246724
Annual | 2990841 58 2990899 3050658 11 3050669

The calculated annual emissions associated withréference building for this
upgrade alternative is 3050669 kg £© As detailed in Table 4.8 the calculated
emissions associated with a variable air voluméesyswith floor air handling plant
Is 3248174 kg C®-e which is 6.5% greater than that of the refeedmailding. As a
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result the variable air volume system with floor la&ndling plant is not compliant
with the Building Code of Australia 2010.

Figure 4.5 shows a graph comparing the calculatextimy emissions of the variable

air volume system with floor air handling plantethssociated reference building and
the existing building.
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Figure 4.5: Calculated Monthly Emissions of a Vasble Air Volume System With Floor Air
Handling, BCA 2010 Reference Building and Existinduilding

Similar to the variable air volume system with cehtair handling, the major
emissions savings associated with the variablecdirme systems occur in the winter

months. This is due to the system's ability tvpmte both fan and refrigeration part
load energy savings.
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4.5.3 Active Chilled Beams with Central Air Handling Plant

Active chilled beams with central air handling glavas the next system modelled to
determine the energy usage and subsequent greenbasiemissions. The TRACE
700 output file for this system is shown in Appenhli. As per the previous models,
Table 4.10 details the calculated energy usage suftbequent gas emissions

associated with an active chilled beams system edttiral air handling plant.

Table 4.10: Calculated Energy Consumption and Gredrouse Gas Emissions for Active Chilled

Beams with Central Air Handling

Month |Calculated (Calculated |Calculated | Calculated | Calculated | Calculated
Electrical Gas Total Electricity Gas Total
Energy | Energy Energy [Consumption Consumption| Emissions
Usage Usage Usage Emissions | Emissions (kg CO-€)
(kWh) (kWh) (kwh) (kg CO,€e) | (kg COy-e)
Nov 320877 5178 326055 327295 957 328251
Dec 374969 3126 378095 382468 578 383046
Jan 400176 696 400872 408180 129 408308
Feb 363082 156 363238 370344 29 370372
March | 366853 2410 369263 374190 445 374635
April 301312 15832 317144 307338 2926 310264
May 248897 19082 | 267979 253875 3526 257401
June | 207561 24629 | 232190 211712 4551 216263
July 204681 46696 251377 208775 8629 217403
Aug 209280 29934 239214 213466 5531 218997
Sep 223455 2426 225881 227924 448 228372
Oct 279230 22987 | 302217 284815 4248 289062
Annual | 3500373 | 173152 | 3673525 | 3570380 31996 3602377
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The calculated annual greenhouse gas emissionsiaesbwith an active chilled
beams system with central air handling plant is2360 kg CQ-e. This results in a
savings of approximately 6.5% compared to the ¢aled emissions of the existing

building.

Table 4.11 displays the calculated energy consum@nd greenhouse gas emissions
of the associated reference building. The referdnglding was modelled with an
active chilled beams system with central air hargdplant which is the same system
and configuration as the proposed. The TRACE 7@{pu file for this system is
presented in Appendix O.

Table 4.11: BCA2010 Reference Building Calculatedriergy Consumption and Gas Emissions
for Active Chilled Beams with Central Air Handling

Month |Calculated|Calculated|Calculated| Calculated | Calculated [Calculated
Electrical |Gas Energy Total Electricity Gas Total
Energy Usage Energy |Consumption |Consumption |Emissions
Usage (kwh) Usage Emissions Emissions (kg CO-€)
(kWh) (kWh) (kg CO»e) | (kg CO.€)
Nov 314140 3329 317469 320423 615 321038
Dec 367588 2654 370242 374940 490 375430
Jan 392012 1060 393072 399852 196 400048
Feb 352491 184 352675 359541 34 359575
March | 356775 1898 358673 363911 351 364261
April 288768 11782 | 300550 294543 2177 296721
May 229145 3083 232228 233728 570 234298
June 183659 4790 188449 187332 885 188217
July 178904 18340 197244 182482 3389 185871
Aug 185190 9082 194272 188894 1678 190572
Sep 205528 0 205528 209639 0 209639
Oct 261460 12746 | 274206 266689 2355 269045
Annual | 3315660 68948 | 3384608 3381973 12741 3394714
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The calculated annual emissions associated withefleeence building is 3394714 kg
COy-e. As detailed in Table 4.10 the calculated eimmssassociated with the active
chilled beams system with central air handling piarn3602377 kg C@e which is

6.1% greater than that of the reference buildiAg.a result the active chilled beams

system with central air handling is not compliarttwvthe Building Code of Australia
2010.

Similar to previously, Figure 4.6 shows a graph ashcompares the calculated
monthly emissions of the active chilled beams systath central air handling plant,
the associated reference building and the existinigling.
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Figure 4.6: Calculated Monthly Emissions of an Adtve Chilled Beams System with Central Air
Handling, BCA 2010 Reference Building and Existinduilding.

From this graph it can be seen that the majorityhefsavings between the existing
building and proposed upgrade occur in the midélh® summer and winter periods.

In the summer months significant savings can be se¢he months of January and
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February, while the winter months the major saviogs be seen in June, July and
August. In comparison the month of April has theést savings for this alternative.

4.5.4 Active Chilled Beams with Floor Air HandlingPlant

An active chilled beams system with floor air hamgllplant was modelled as an
upgrade alternative. The TRACE 700 output file tbis system is shown in
Appendix P. Similar to previous models, Table 4dE2ails the calculated energy
usage and greenhouse gas emissions associatednadtttive chilled beams system
with floor air handling.

Table 4.12: Calculated Energy Consumption and Greehouse Gas Emissions for Active Chilled

Beams with Floor Air Handling Plant

Month |Calculated| Calculated|Calculated| Calculated | Calculated [Calculated
Electrical |Gas Energy Total Electricity Gas Total
Energy Usage Energy |Consumption |Consumption |Emissions
Usage (kWh) Usage Emissions Emissions (kg CO-€)
(kWh) (kWh) (kg COxe) | (kg CO.e)
Nov 312349 5650 317999 318596 1044 319640
Dec 366810 3475 370285 374146 642 374788
Jan 391278 994 392272 399104 184 399287
Feb 354809 202 355011 361905 37 361943
March | 357701 2692 360393 364855 497 365352
April 291971 16107 | 308078 297810 2976 300787
May 239634 19202 258836 244427 3548 247975
June 198750 25496 224246 202725 4711 207436
July 195631 48346 243977 199544 8934 208477
Aug 200179 30930 | 231109 204183 5715 209898
Sep 214569 2595 217164 218860 480 219340
Oct 270298 23525 293823 275704 4347 280051
Annual | 3393979 179214 | 3573193 3461859 33117 3494975
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It can be seen in the table that the calculatedi@n@missions associated with this
plant is 3494975 kg C&£e. This is a 9.3% savings compared to the egsystem.

Table 4.13 displays the calculated energy consum@nd greenhouse gas emissions
of the associated reference building which was nhedlevith active chilled beams
and floor air handling plant. Appendix Q contathe TRACE 700 output files for

this system.

Table 4.13: BCA2010 Reference Building Calculatedriergy Consumption and Gas Emissions
for Active Chilled Beams with Floor Air Handling

Month |Calculated (Calculated |Calculated | Calculated | Calculated [Calculated
Electrical Gas Total Electricity Gas Total
Energy | Energy Energy |Consumption |Consumption |[Emissions
Usage Usage Usage Emissions Emissions |(kg CO.-e)
(kWh) (kWh) (kWh) (kg CO»e) | (kg CO.e)

Nov 307821 3809 311630 313977 704 314681
Dec 361181 2743 363924 368405 507 368911
Jan 384490 1211 385701 392180 224 392404
Feb 346208 138 346346 353132 26 353158
March | 349879 1935 351814 356877 358 357234
April 281550 11633 293183 287181 2150 289331
May 221891 3080 224971 226329 569 226898
June 176722 4916 181638 180256 908 181165
July 171764 18740 190504 175199 3463 178662
Aug 178017 9262 187279 181577 1712 183289
Sep 198492 0 198492 202462 0 202462
Oct 254147 13033 | 267180 259230 2408 261638
Annual | 3232162 70500 | 3302662 | 3296805 13028 3309833
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The calculated greenhouse gas emissions assoeiétedhe reference building is
3309833 kg C@e. The calculated emissions associated with tevea chilled
beams system with floor air handling plant is 3488%g CQ-e which is 5.6%
greater than that of the reference building. As tipgrade alternative emits more

greenhouse gases than the reference building stensyis not compliant with the
Building Code of Australia 2010.

Figure 4.7 below shows a graph which compares dlmilated monthly emissions of

the active chilled beams system with floor air Harg the reference building and the
existing building.

500000

450000

400000 -

=—¢— Existing Building Calculated
350000 - >/ Greenhouse Gas Emissions
(kg CO2-e)
300000

250000 \ Calculated Emissions for an
\ Active Chilled Beams
200000

] System with Floor Air
W Handling Plant (kg CO2-e)
150000 == Calculated Emissions for a
BCA Reference Building -
100000 ACB with Floor Air Handling
50000 (kg CO2 -e)
0 T T T T T T T T T T T 1
o] o] (@) (o] (@] (@] (@)} (@)} (@2} (o)) (o)) (o))
@ @ @ @ @ @ 9 9 9 9 9 Q
> O [y o) = = > [ = oo Q +
288¢g32322327280

Figure 4.7: Calculated Monthly Emissions of an Actre Chilled Beams System with Floor Air
Handling, BCA 2010 Reference Building and Existindguilding.

Similar to the previous active chilled beams systér@ majority of emissions savings
between the existing building and proposed upgmactirs in the middle of the
summer and winter periods. In the summer montysfgtant savings can be seen in

the months of January and February while the wimtenths the major savings can
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be seen in June, July and August. In comparisemtbonth of April results in the

lowest savings for this alternative.

4.5.5 Trigeneration Combined With Mixing Boxes

Trigeneration combined with mixing boxes and cdn#éiia handling was the next
upgrade to be modelled. The TRACE 700 output fillethis system is shown in
Appendix R. Similar to the previous models, thergy usage and gas emissions of

the system are detailed in Table 4.14.

Table 4.14: Calculated Energy Consumption and Gredmuse Gas Emissions for Trigeneration

Combined with Mixing Boxes

Month |Calculated [Calculated [Calculated | Calculated | Calculated |Calculated
Electrical Gas Total Electricity Gas Total
Energy Energy Energy (Consumption [Consumption | Emissions
Usage Usage Usage Emissions | Emissions (kg CO-€)
(kWh) (kWh) (kWh) (kg COe) | (kg COze)
Nov -43824 1247837 | 1204013 -44700 230585 185885
Dec -6740 1284958 | 1278218 -6875 237445 230570
Jan 17255 1279765| 1297020 17600 236485 254085
Feb 18399 1153517 | 1171916 18767 213156 231923
March -14087 1282933 | 1268846 -14369 237071 222702
April -63579 1261267 | 1197688 -64851 233067 168216
May -110193 1363536 | 1253343 -112397 251965 139568
June | -143617 1385605 | 1241988 -146489 256043 109554
July | -186934 | 1459495| 1272561 | -190673 269697 79024
Aug -172250 1429495 | 1257245 -175695 264154 88459
Sep -126099 1322075| 1195976 -128621 244304 115683
Oct -86696 1319965 | 1233269 -88430 243914 155484
Annual | -918365 | 15790448 14872083 | -936732 2917885 | 1981153
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It can be seen that the calculated annual emissagssciated with this plant is

1981153 kg C@e, which results in a savings of 48.6% comparedheo existing
building.

As described in Section 3.2.3 of this report a sspareference building was not
required to be modelled for this alternative. Ageneration is an energy production
plant it is combined with an air conditioning syst@reviously modelled. For this

reason the reference building modelled with mixraxes and central air handling is
suitable.

As per Table 4.5, the annual greenhouse gas emsssib the reference building
modelled with zone mixing boxes and central airdtiaig plant is 3443805 kg C&e.

The proposed system emissions are 42.5% less tieareference building emissions
and as a result trigeneration combined with zon&ingi boxes and central air
handling plant is compliant with the Building CodiAustralia. Figure 4.8 below is
a graph which compares the calculated monthly eamssf the trigeneration system

combined with mixing boxes and central air handlitige associated reference
building and the existing building.
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Figure 4.8: Calculated Monthly Emissions of Trigeneation Combined with Mixing Boxes and
Central Air Handling, BCA 2010 Reference Building and Existing Building
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The graph within Figure 4.8 highlights that thiggde is significantly more efficient
than the existing mechanical system.

4.5.6 Trigeneration Combined With Variable Air Volume Boxes and Floor Air
Handling Plant

Trigeneration combined with variable air volume bs»and floor air handling plant
was the next upgrade to be modelled. Appendix rf@ates the output file for this
system. Similar to the previous models the catedl@&nergy usage and greenhouse
gas emissions associated with a trigeneration syst@mbined with mixing boxes

and floor air handling plant is detailed in Tablé%

Table 4.15: Calculated Energy Consumption and Gredmuse Gas Emissions for Trigeneration
Combined with Variable Air Volume and Floor Air Han dling

Month |Calculated | Calculated|Calculated | Calculated [Calculated Gas Calculated
Electrical |(GasEnergy, Total Electricity | Consumption Total
Energy Usage | Energy Cons_um_ption Emissions |Emissions
(Lllds/srg]])e (kWh) (lles/\:;\%e (Iigmgélgrs (kg CO.-€) (kg CO-€)
Nov -71423 1234105 | 1162682 -72851 228048 155196
Dec -35430 1275242 | 1239812 -36139 235649 199511
Jan -8869 1275242 | 1266373 -9046 235649 226603
Feb -3517 1151831 | 1148314 -3587 212845 209257
March -41351 1275242 | 1233891 -42178 235649 193471
April -95577 1234105 | 1138528 -97489 228048 130559
May -179575 1275242 | 1095667 | -183167 235649 52483
June | -233236 | 1234244 1001008 | -237901 228073 -9827
July | -259538 | 1276086 | 1016548 | -264729 235805 -28923
Aug -250053 1275603 | 1025550 | -255054 235716 -19338
Sep -205200 1234105| 1028905 | -209304 228048 18744
Oct -131137 | 1275242| 1144105 | -133760 235649 101890
Annual | -1514906 | 15016289 13501383 | -1545204 2774830 1229626
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The calculated annual emissions associated withmigederation system combined
with variable air volume boxes and floor air handliplant is 1229626 kg Ck2.

This is a 68% savings compared to the existingesyst

As described in Section 3.2.3 a separate referboiding was not required to be
modelled for this alternative. As trigenerationais energy production plant it is
combined with an air conditioning system previousigdelled. For this reason the
reference building modelled with a variable airurak system and floor air handling
plant is suitable.

As detailed in Table 4.9, the annual greenhouse egaissions of the reference
building modelled with variable air volume boxesdatioor air handling plant is
3050669 kg C@e. The calculated emissions of the proposed syatre 59.7% less
than the reference building emissions and as dtrgggeneration combined with

variable air volume boxes and floor air handlingmplis compliant with the Building
Code of Australia.

Figure 4.9 below shows a graph which compares dlmilated monthly emissions of
the trigeneration system combined with variable \@tume boxes and floor air

handling plant, the associated reference buildmjthe existing building.
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Figure 4.9: Calculated Monthly Emissions for Trigeeration Combined with Variable Air
Volume Boxes and Floor Air Handling, BCA 2010 Refegnce Building and Existing Building.



It can be seen in Figure 4.9 that for the monthdunfe, July & August the proposed
system uses negative emissions. As the trigeparaystem contains a gas fired
turbine to create energy on site any remaining gnerot consumed by the
mechanical plant can be used for other servicdsmihe building such as lighting or
if not required returned to the grid. The gasdir@rbine reduces the building
dependants on mains electricity which has high sions factors in comparison to
energy produced from the gas fired turbine. Thengs in emissions between the

two energy sources results in the negative gassemss seen in Figure 4.9.

4.5.7 Trigeneration Combined With Active Chilled Bams and Floor Air
Handling

The final system modelled was trigeneration comdbwéh active chilled beams and
floor air handling. The TRACE 700 output file ftnis system is shown in Appendix
T. Table 4.16 details the calculated energy usaw greenhouse gas emissions
associated with a trigeneration system combined adtive chilled beams and floor

air handling plant.

Table 4.16: Calculated Energy Consumption and Gredmuse Gas Emissions for Trigeneration

Combined with Active Chilled Beams and Floor Air Handling

Month |Calculated |Calculated |Calculated | Calculated | Calculated [Calculated
Electrical Gas Total Electricity Gas Total
Energy Energy Energy |Consumption [Consumption |Emissions
Usage Usage Usage Emissions Emissions (kg CO-€)
(kwh) (kwWh) (kwWh) (kg COy-e) | (kg COy-e) g0z
Nov -62224 1239755 | 1177531 -63468 229092 165623
Dec -33704 1278717 | 1245013 -34378 236292 201913
Jan -17159 1276236 | 1259077 -17502 235833 218331
Feb -15448 1152034 | 1136586 -15757 212882 197125
March | -41326 1277933 | 1236607 -42153 236147 193994
April -78152 1250214 | 1172062 -79715 231025 151310
May -137614 | 1294444 | 1156830 -140366 239198 98831
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June | -193013 | 1259601| 1066588 -196873 232759 35886
July -214652 | 1323587| 1108935 -218945 244583 25638
Aug -205221 | 1306172| 1100951 -209325 241365 32039
Sep -165040 | 1236700| 1071660 -168341 228527 60187
Oct -101719 | 1298766| 1197047 -103753 239996 136243
Annual |-1265272 | 15194159 13928887 | -1290577 2807698 | 1517121

The calculated annual emissions associated withmigederation system combined
with active chilled beams and floor air handlingmdlis 1517121 kg C&e. This is a

60.6% savings compared to the existing systems.

Similar to the previous trigeneration systems aassp reference building was not
required to be modelled for this alternative. Tieéerence building previously
modelled with active chilled beams and floor aindiliing plant is suitable for this

alternative.

As detailed in Table 4.13 the annual greenhouseegaissions of the reference
building modelled with active chilled beams andbflair handling plant is 3309833
kg CO-e. The proposed system emissions are 54% lessthieareference building
emissions, and as a result trigeneration combin#daetive chilled beams and floor
air handling plant is compliant with the Buildingo@ of Australia. Figure 4.10
below contains a graph which compares the monthiigsgons of the trigeneration
system combined with active chilled beams and flmpohandling plant, the reference
building and the existing building.
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Figure 4.10: Calculated Monthly Emissions of Trigerration Combined with Active Chilled
Beams and Floor Air Handling Plant, BCA 2010 Referace Building and Existing Building.

The graph highlights that the trigeneration systeombined with active chilled

beams is significantly more efficient than the &rig system over every month of the
year.

4.6 Building Code of Australia Compliance

As discussed in Section 2.5 of this report, theldduy Code of Australia 2010
requires that the annual energy consumption ofptioposed building is not more
than the annual energy consumption of the referéndeing. As the objective of
this research project is to reduce greenhouse méssiens, the annual greenhouse
gas emissions of the proposed building were condpaii¢h that of the reference
building. Table 4.17 details the Building Code Audistralia compliance if annual

energy consumption was compared instead of anmeahgouse gas emissions.
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Table 4.17: BCA2010 Compliance Based on the Caletéd Annual Energy Consumption

Upgrade Alternative Calculated Reference |Building Code of
Energy Usage| Building Australia 2010
(kWh) Calculated Compliance
Energy Usage
(kWh)
Existing Building 4412612 3710538 No
VAV - Central Air Handling 3325259 3077857 No
VAV - Floor Air Handling 3185586 2990899 No
Active Chilled Beams - Central 3673525 3384608 No
Air Handling
Active Chilled Beams - Floor 3573193 3302662 No
Air Handling
Trigeneration Combined with 148720083 3710538 No
Mixing Boxes
Trigeneration Combined with 13501383 2990899 No
VAV and Floor Air Handling
Trigeneration Combined with 13928887 3302662 No
Active Chilled Beams and
Floor Air Handling

It can be seen in Table 4.17 that when the annoeilgy consumption is used to
determine compliance with the Building Code of Aaka none of the upgrades
triggered compliance. When the annual greenhoase egnissions were used to
determine compliance with the Building Code of Aak#, the three trigeneration

upgrades were compliant.

The trigeneration system utilises a gas turbin@dwer the site. As discussed in
Section 2.2.1 the emissions factors for the consieompf natural gas distributed in a
pipeline is approximately 0.185 kg G®/kWh while the emissions factor for the
consumption of electrical energy from the electrigad in Queensland is 1.02 kg

COe/kWh. These emissions factors suggest gas enem@yleaner energy source
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than electricity from the grid in Queensland. Altigh this is the case, for this
application a gas turbine is used to create et#strior the site. For a gas turbine the
electrical energy output is less than the gas enargut which suggests the gas

turbine consumes more gas energy than the eldaneagy it produces.

This explains why the trigeneration systems arepi@mt with the Building Code of
Australia when based on the annual greenhousengiasiens and not when based on
the annual energy consumption. As the gas turbamsumes more gas energy than
the electrical energy it produces the annual enewysumption of the proposed
upgrade was greater than that of the associategterefe building. As the
consumption of gas is much cleaner than consumpfi@hectricity from the grid the
greenhouse gas emissions of the trigeneration mgsteere lower than their
associated reference building even though theywsnad more energy.

4.7 Active Chilled Beams versus Variable Air Volume

Figure 4.11 below shows a comparative graph ofté@ chilled beams systems
versus the two variable air volume systems for eachth of the year.

450000 == Calculated Emissions for
400000 - Active Chilled Beams with
Central Air Handling Plant
350000 - (kg CO2-e)
300000 Calculated Emissions for
Active Chilled Beams with
250000 Floor Air Handling Plant (kg
CO2-e)
200000
== Calculated Emissions for
150000 Variable Air Volume with
Central Air Handling Plant
100000 (kg CO2 -¢)
50000 == Calculated Emissions for
0 Variable Air Volume with
. Floor Air Handling Plant (kg
22T 2222 TTTTLE CO2 -e)
282232383232 48¢

Figure 4.11: Calculated Monthly Emissions Comparisn Between the Variable Air Volume
Systems and Chilled Beams Systems
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As discussed in Section 2.4.2 of this report, a\stof the energy performance of
active chilled beams and variable air volume fdyudding in Sydney found similar
energy performances for the two buildings (RotledRmann, Zogg, Brodrick, 2007).
During the summer months, the chilled beams systmsumed less energy than the
VAV system but during the winter months consumedenuoecause of the reduced
guantity of supply air precluded the use of ansale economizer (Roth, Dieckmann,
Zogg, Brodrick, 2007).

This has proven correct for the analysis undertateP95 Ann Street Brisbane. It
can be seen in Figure 4.11 that for the summer Imgotite variable air volume
systems have slightly greater greenhouse gas emsssiln the winter months the
variable air volume systems have a considerablyerefficient performance in terms

of gas emissions.

4.8 Floor Air Handling Plant Compared to Central Air Handling
Plant

For both the active chilled beams system and thiale air volume system floor air
handling proved to be slightly more efficient th@entral air handling over all months
of the year. Figure 4.12 below shows the calcdlateonthly greenhouse gas
emissions of the variable air volume alternativéhe annual greenhouse gas
emissions of the floor air handling plant is 4.28¢d than the emissions of the central
air handling. As seen in Figure 4.12, the savimgisveen the central air handling and
floor air handling were consistent over each manfttine year.

76



450000

300000

400000 -+
350000 -

250000

200000

150000

100000

50000

0

N2

N

&

S

>

&

&

&

&

&

&

&

S

~

T

&

=>¢=Calculated Emissions for
Variable Air Volume with
Central Air Handling Plant
(kg CO2 -e)

=-Calculated Emissions for
Variable Air Volume with
Floor Air Handling Plant (kg
C02 -e)

Figure 4.12: Calculated Monthly Emissions Comparisn Between the VAV Alternatives

In relation to the active chilled beams systemgufé 4.13 compares the calculated
monthly greenhouse gas emissions of the two actiieed beams alternatives. For
these systems the annual greenhouse gas emissitresfloor air handling plant was

3% less than the emissions of the central air aggilant and was consistent over

each month of the year.
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Figure 4.13: Calculated Monthly Emissions Comparisn Between the Active Chilled Beams

Alternatives
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5. CONCLUSION

5.1 Greenhouse Gas Emissions Saving

It was demonstrated that significant greenhouse gasssions savings can be
achieved by upgrading a buildings mechanical sesviplant. Table 5.1 below
summarises the annual greenhouse gas emissionsgsaassociated with each

upgrade alternatives as compared to the existirfidibgs calculated emissions.

Table 5.1: Summary of Upgrade Alternatives Calculagdd Emissions

_ Calculated Greenhouse Gas Percentage
Upgrade Alternatives o ,
Emissions (kg CQ-e) Savings

Zone Mixing Boxes with 3853156 N/A
Central Air Handling Plan

Active Chilled Beams

with Central Air Handling 3602377 6.5
Plant

Active Chilled Beams 3494975 93

with Floor Air Handling

Variable Air Volume
With Central Air 3390315 12
Handling Plant

Variable Air Volume with 3248174 15.7

Floor Air Handling

Trigeneration Combined
with Zone Mixing Boxes 1981153 48.6
and Central Air Handling

Plant

Trigeneration Combined
with  Active  Chilled

Beams and Floor Aif

1517121 60.6

Handling

Trigeneration Combined
with Variable Air Volume 1229626 68
and Floor Air Handling
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Out of the seven upgrade alternatives, Trigenaratiombined with a variable air
volume system and floor air handling proved to h#we lowest greenhouse gas
emissions. This system has a 68% savings in tpE#nhouse gas emissions, in

comparison to the existing building calculated esnoiss.

Out of the upgrades that aren't combined with trggation, variable air volume
combined with floor air handling has the lowestegigouse gas emissions. This
system results in a 15.7% saving compared to tretimy system. An active chilled
beams system with central air handling plant h&s5& savings of greenhouse gas
emissions which is the lowest of the upgrade adtitves. The results of this work
are specific to 295 Ann Street, Brisbane, howetrmy can be used as guidelines for

upgrade projects of other buildings of similar styl

5.2 Building Code of Australia Compliance

To determine compliance with the Building Code ais&alia the greenhouse gas
emissions associated with the proposed upgradesaeenpared to that of a reference
building. As discussed in Chapter 4, the variabtevolume systems and the active
chilled beams systems on their own did not complth whe Building Code of
Australia. As the reference building is requiredbe modelled with the same air-
conditioning systems and configuration as the ezfee building, upgrading the air
conditioning system alone did not trigger compl@&anc

When these air conditioning systems were combinigld tngeneration the buildings
were compliant with the Building Code of Australi#s trigeneration is an energy
production plant it is not an air conditioning sstand as a result is not required to

be modelled within the reference building.

5.3 Buildings of Similar Style and Usage

For a new construction of similar style and usag@5 Ann Street, Brisbane, it is
expected that the building envelope is compliathhe Building Code of Australia.

A trigeneration system would not be required asatld not need to offset a poor

79



performing envelope. Based on the results of tegearch a variable air volume
system with floor air handling plant would be shlaas it was the best performing

non trigeneration system.

For an existing building of similar style it is assed that the building envelope is
non-compliant with the Building Code of Australidn this situation a trigeneration

system is required to offset the poor performingding envelope.

5.4  Opportunities for Further Studies

Throughout this project a number of opportunities further studies have been
identified. This research project has investigatezl most energy efficient upgrade
alternative however the cost of each system habeert considered. To determine if
the upgrade alternatives are feasible a complete amalysis is required. The cost
analysis should be undertaken to determine thetatapost, operational cost and
maintenance cost for each system. These costdhesmnbe compared with the
greenhouse gas emissions savings to determine whteim will provide the greatest
emissions savings per dollar spent. It would bedgm perform the experiment and

compare the experimental results with the curresdehpredictions.

Another option for further studies is to model tbeilding and the upgrade

alternatives in a range of climate zones aroundralis. This study can be used to
identify how the climate affects greenhouse gasssioms. It can also be used to
determine in what parts of Australia does upgradinddings mechanical services
provide the greatest savings in greenhouse gasiemss
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APPENDIX A - PROJECT SPECIFICATION

University of Southern Queensland
FACULTY OF ENGINEERING AND SURVEYING

ENG4111/4112 Research Project
PROJECT SPECIFICATION

FOR: JOSHUA SEARLE

TOPIC: The efficient use of BUILDING MECHANICAL
SERVICES for saving energy.

SUPERVISOR: Dr Sourish Banerjee, Lecturer, USQ

PROJECT AIM: To analyse and compare a range of air conditioning

upgrade alternatives to determine which will provide
the greatest energy savings for the building.

PROGRAMME: Issue A, 22 March 2011

1. Research the background information relating to building energy efficiency.

2. Collect data in relation to the existing air conditioning system at a building
located at 295 Ann Street, including reviewing as-installed drawings,
Operation & Maintenance Manuals and a physical survey of the site.

3. Model the existing air conditioning system serving 295 Ann Street using
Trace 700 Energy Load software.

4. Validate the software predictions by comparing with actual energy data.

5. Explore air conditioning upgrade alternatives suitable for 295 Ann Street
Brisbane.

6. Model the air conditioning upgrade alternatives using Trace 700 Energy
Load software.

7. Compare the results for each air conditioning system to determine which
would provide the greatest energy savings for the building.

8. Submit an academic dissertation on the research.

As time permits:
9. Further analyse the building to determine how the orientation of the building
can affect the air conditioning energy load.

AGREED:

(Student) (Supervisor)
Date: [/ [/ Date: [/ [

Examiner / Co-examiner:
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APPENDIX B — TRACE 700 COMPLIANCE
LETTER

Trane CD.3.

3500 Pamme Creek Rd

La Crozze, WI 54601 USA

Tel (608)787-2926 Fax (508)787-3005

é REDAWww anecas com

September §, 2010

Subject: TRACE™ 700 v6.2.6 Compliance with ANSIUASHRAE Standard 140-2007

Dear TRACE User.

We are pleased to mnform you that TRACE 700 v6.2.6 was tested in compliance with ANSI/ASHRAE
Standard 140-2007, Standard Method of Test for the Evaluation of Building Energy Analysiz Computer
Programs. Test results, supplemented by graphs and explanatory notes, accompany this letter.

As you may know, ANSIVASHRAETESNA Standard 90.1, Energy Standard for Buildings, Except
Low-Rize Residential Building:, stipulates that any computer program that is used to demonstrate code
compliance via the performance path’s Energy Cost Budget Method mmst be tested in accordance with
Standard 140. TRACE 700 v6.2.6 has completed the BESTEST validation for calculation and
comparison with similar analysis programs as required by ASHRAE Standard 140.

Standard 90.1 defines minimum requirements for the desizn of energy-efficient buildings and is used by
many state and local code-writing bodies as the “standard of care™ in their jurisdictions. Building-
energy simulation programs, such as TRACE 700, are used to estimate the difference in energy costs
between the design- and budget-building models specified in Secton 11 of Standard 90.1.

If you have questions about the testing documentation that accompanies this letter, or about any of
Trane’s design and analysis tools, please contact our C.D.S. Support Ceater by phoning (608) 787-3926
or e-mailing cdshelp@trane.com.

Best regards,

é_—-'c._ gww

Ernc Sturm
ASHRAE Standard 140 Coordinator
Trane CD.S.

Anachments: Results and modeling notes from Standard 140 testing of TRACE 700

AR ngersot rand
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APPENDIX C —TRACE700 MODELLING SCREEN

SHOTS

Project Navigator

Enter Project Information

Select Weather Information

Create Templates

Create Rooms

Create Systems

Assign Rooms to Systems

Create Plants

Assign Systems to Plants

Define Economics

SoGERCEED

Calculate and Yiew Results

Altenative 1

qQF A - a

Brisbane, Australia

9 Templates

288 Rooms

8 Systems

288 Assigned Rooms

2 Plants

System Assignments

No utility rates defined

06/18/2011 - 03:48 PM

Alterative 2 Alternative 3 Alternative 4
295 Ann Street - VAV 295 Ann Street - Active 295 Ann Street -
Chilled Beams Trigeneration

Brisbane, Australia
Use Alternative 1

Use Alternative 1

8 Systems

Based on Altemative 1
288 Assigned Rooms
Use Alternative 1

System Assignments

No utility rates defined
0($)

06/18/2011 - 03:48 PM

Brisbane, Australia

9 Templates

Based on Altemative 1
Use Alternative 1

8 Systems

Based on Altemative 1
288 Assigned Rooms
Use Alternative 1

System Assignments

No utility rates defined

06/18/2011 - 09:48 PM

Brisbane, Australia

Use Alternative 1

Use Alternative 1

Use Alternative 1

288 Assigned Rooms

3 Plants

System Assignments

No utility rates defined

06/18/2011 - 09:48 PM

¥ weather

Alternative 1

Weather location

Overrides...

Cancel

85



® Create Rooms - Single Worksheet E]

Alternative 1 pply
Room description ILeveI1 -Zone 1 LI
Templales... Length Width
Room |General Office vl Floor... 145 m |15 m New Room
Intemal | General Office Area vl Roof.. @ |0 m |0 m o I
Aiflow |General Office Area vI " Equals floor
Delete
Tstat | General Office Area vl
- Wall...
Constr | General Office Area vI
Description  Length (m) Height (m) Direction % Glass or Qty Length (m) Height (m) ‘Window
[Nw |12 [365 315 | 1 112 1.76 v -
[sw |4 365 |225 | 1 4 1.76 v
| [0 ECT O O [ r =~
Internal loads... Airflows...
People |10 sq m/person v Cooling vent |10 IL/s/pelson vl
Lighting |15 Wisqm v Heating vent |10 IL/s/pelson vl
Misc loads |15 W/sqm v VAV minimum |°/° Clg Airflow vl
| Rooms | Roofs | Wals | Intloads |  Aflows |  Patn/Floors

Alterative 1 pply |
Room description L] Design..
Templates... Size... Codingdybub  [225 €
Room [GenewalOffice |  Length [145 m Hestingdybub |21 °C e
Intemal [General Office Area v|  Width [(5 m Relaive humidity ~ [50 % |
Aiflow |General Office srea v | Height... Thermostat...
Tstat [GeneralOfficedea | Floortofioor  [365  m Coolng ditpoirt  [235 °C Lt
Consti [General Offcerea  v|  Plenum [0%5  m Heangdiftpoint  [20  °C
dbovegound [ m Cooling schedule | None |
Duplicate... Floormutipler  [1~ Heating schedule [ None =l
Rooms per zone l‘l_ Sensor Locations...
Room mass/avg time lag ITime delay based on actual ma: LI Thermostat lRoom LI
Slab construction type Id" LW Concrete ﬂ €02 sensor INone LI
Room type ICondilioned LI Humidity...
Acoustic ceiling resistance |0.31451  m?'CAW Moisture capacitance |None L]
Carpeted V¥ Hunidistat location | None ~|
" SingeSheet  Rooms | Roofs Walls Intloads | Aflows |  Patn/Floors
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¥ Create Rooms - Roofs

Alternative 1 pplg
Room description | S REPATCN| j
Templates... Roof...
Room | General Office | Tag | Construct | ~|  NewRoof
Intemal | General Office &rea v ¢ U-factor I r-
Aiflow | General Dffice Area 'I € Lengh | Pich | deg — I
Tstat  |General Office Area vI Widh I Direotionl deg
Constr | General Office Area 'I
Skyight. [~ Fooizeal % Type | =~
I” Lengt | U-factor |
Width I Sh. Coef I
Quantity | Ld loRAI %
Shading...
Intemal | j
SingleShest | Rooms Roofs Wals | IntLoads Airflows Paitn/Floors
¥ Create Rooms - Walls [D
Altemative 1 pply
Room description j
Templates... Wall..

Room IGenela| Dffice v I Tag |NW

Sw

Intemal IGeneraI Dffice Area 'I lengh |12 m

Airflow IGeneraI Office Area vI Height 365 m

Tstat IGeneraI Office Area vl Gind reflect [
multiplier

Constr IGeneraI Office Area vI

Openings...

p Tag IUpening-1
Fiwalaea0 %

[V Lengh 112 m

U-factor |5.9051 ‘Wint-*C

Shading...

Construct IZUUmm Conc Block 20mm Plaster

U-factor |1.4479 W/neC

Tilt |0 deg
Direction |315 deg

Pct wall area to underfloor plenum %

" Window

" Door

Ll New

Wall
Copy
Wall
Delete
Wall

New

Type  |Single Clear 1/8"

Height [1.76 m
Sh. Coef ID.S

Quantity |1 Copy
Ldto RA IU %

Opening
Ll —_
Opening

Delete
Opening

Interal INone

Extemal ICombined Horz. & Vert. Fins - 295 Ann Shading

SingleSheet | Rooms | Roofs Walls

El
=

Int Loads ]

Airflows

l Partn/Floors
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#¥ Create Rooms - Internal Loads

@
X)

Altemative 1 Apply |
Room description |IEENEPALA _:j
Templates...
Room |General Office v| People.. Activiy [6516682-Offcedres | Densiy [0 [sqmipeson ]
Intemal |General Office Area v Schedule | Cooling Only (Design) |
Airflow IGeneraI Office Area vl Sensible |0.078 KW Latent |0.052 kw
Tstat |General Office drea v | Workstations...
Constr IGeneraI Office Area vI Density |1 Iworkstationlpelson L]
Lights... Type IFIuorescent, hung below ceiling, 100% load to space Ll
Heat gain |15 IW/sq m ﬂ Schedule ICooIing Only (Design) ﬂ
Miscellaneous loads...
Misc Load 1 JERE [Misc Load 1 Type  [BCA Class 5 Office | NewLoad
Energy |'|5 IW/sq m ﬂ Schedule |Coo|ing Only (Design) ﬂ Copy |
Energy meter |Electricily j —r |
Single Sheet | Rooms | Roofs | Walls Int Loads giflows | Partn/Floors

¥ Create Rooms - Airflows [:]

Alternative 1

e |

Adjacent air transfer from room i
Room description ~| I<<No adjacent air trans>> | Close I
Templates... Main supply... Augiliary supply...
Room ’W‘ Cooling | |To be calculated ﬂ Cooling | ITo be calculated ﬂ
Intemal [General Office e v|  Heating [ ITo be calculated Ll Heating | ITo be calculated Ll
Airflow m ML AL
T = oy ASHRAE S1621:2004/2007 [N - Ez [Custor =
Tstat |General Office Area v
Type |Genela| Office Space j Ez I Custon _v] l_
Constr |General Office Area v
Cooing 10 |L/s/person ~| Er  [Defautbasedonsystemtyp v] [
Heating |1U IL/s/person j A Min OA Intake I_I—;I
Schedule | Available (100%) ~| Room exhaust...
Infiltration... Rate |0 [air changes/hr |
Type |Neullal, Poor Const. j Schedule IAvailabIe (100%) j
Cooling |1 | air changes/hr j VAV minimum...
Heating |1 Iail changes/hr j Rate I IZ Clg Airflow j
Schedule  [Available (100%) | Schedule |4vailable (100%) |
Type IDefauIt ﬂ
Single Sheet | Fooms Rools | Wals | IntLoads Airflows
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# Create Systems - Selection E]
Altemative 1
System description v| Two-Fan Double Duct VAY 4|

System category
Al
Variable Volume

Constant Yolume - Non-mixing New
Constant Yolume - Mixing

Heating Only Copy
Induction <=

Underfloor Air Distribution i

Displacement Ventilation Delete |
Chilled Beams

1 » > Advanced‘..l
System type TT

Bypass VAV A 4 - I_>
Bypass VAV with Reheat (30% Min Flow Default) o
Changeover-Bypass VAV _.“_->H'O' - >

Changeover-Bypass VAY with Local Heat
Changeover-Bypass VAV with Reheat

Double Duct VAY

Parallel Fan Powered VAY, Htg Coil on Mixing Box Outlet
Parallel Fan-Powered VAY

Parallel Fan-Powered VAY, Htg Coil on Plenum Inlet
Series Fan-Powered VAV

Two-Fan Double Duct VAY

Slasialeln Flafelnesamt ) fok e

Selection I Options ] Dedicated DA ] Temp/Humidity Fans Coils ] Schematic ]
# Create Rooms - Partitions and Floors [3
Alternative 1 Apply |
Room description |[REENEPACN] LI
Templates... Partition...
Room IGeneraI Office L] Tag I Adjacent space temperature... New Pallilionl

Intemnal | General Office Area Length I Methodl I |
Airflow IGeneralfoiceArea vI Height | Coolungl

Tstat IGeneraIOfficeAlea vl Constr I ;l Healmgl 4’
Constr |Gene|a|0fficeAlea 'I U-factal

Adirooml ~|
Floor...
Tag | Extemal temperature... New Floor
" Exposed ¢ Slab on grade Methodl I |
Constr | j Coolmgl w— |
Area | U-factor | Heating |
Perim | Loss coeff |
Adlooml ;|
Single Sheet ] Rooms Roofs ] Walls ] Int Loads I Airflows Partn/Floors
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® Create Systems - Options [Z] @ |

Altemative 1
System description Two-Fan Double Duct VAY :
Evaporative Cooling E conomizer
Type I None ll Type I None j T
Diect efficiency | % "Ori'point | - Dptions
Direct coil schedule |+~ =] Ma outdoor af | %
Indirect efficiency | % Schedule I oy ;I
Indirect coil schedule I ;|
Stage 1 Air-to-Air Energy Recovery/Transfer Stage 2 Air-to-Air Energy Recovery/Transfer
Type [None (default) | Type None ~]
Sup-side deck | /=rlation ol ~] Supeside deck [Ventiation upstea =
Extrside deck 0100 =l Exh-side deck  |1uidoor |
Schedule [ =] Schedule [vailable (1 |
| | | |
"~ Selcton  Options | Dedcated0A | Temp/Humidiy | Fans | Coils [ Schematic

® Create Systems - Dedicated Ventilation

Altemative 1
System description |AHU Nw (1-7) j Two-Fan Double Duct VAV 4|
| Close I
Configuration INone Ll Control method |Fixed Setpoints ﬂ
Cooling/Heating Design Setpoints 1 1 Cooling/Heating Setpoint Limits
Cooling supply air dry bulb ] G Supply air dry bulb high limit °C
Heating supply air dry bulb o Supply air dry bulb low limit {E
Cooling supply air dew paint ‘C Cooling SA dew point high limit [
Cooling SA dew point low limit qE
Dedicated Ventilation Schedules Dedicated Ventilation Locations
Cooling coil IAvaiIabIe (100%) Ll Deck I Retum/Outdoor Deck Ll
Heating coil | Available (100%) | Level [ system |
Optional . "
e fan|Avaiable (100%) |
Selection l Options I Temp/Humidity ] Fans Coils Schematic ]
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¥ Create Systems - Design Temperatures

Alternative 1
System description v | Two-Fan Double Duct VAY 4,
i~ Design Air Temperature Direct/Indirect Dehumidification Methods (System Simulation only)

Cooling supply Max i Type |None
Min 4L Maximum room relative humidity |
Yo [— < Main cooling coil minimum allowable leaving I C

[when throttiing a chilled water coil downward
Min C during dehumidification or "wild coil* mode)

* o]

Leaving cooling coil

Variable Fan Speed for capacity control (System Simulation only)
Heating supply Max [— 4L Number of fan speeds | T
Min [— \C Percent airflow at low speed [—
Percent airflow at medium speed [— %

* Ll

Supply duct t t q
Sreos ! empeisire 0 C | —Humidiicaton
Design humidity ratio difference a/kg
Minimum room relative humidity | %
Selection I Options I Dedicated DA Temp/Humidity Fans l Coils l Schematic

® Create Systems - Fan Overrides E]

Altemative 1

System description v|  TwoFan Double Duct VAY _I
Fan cycling schedule INo fan cycling j

Qverrides...
Static
Full Load Full Load
Type P'[ﬁsps:]'e Energy Rate | Energy Rate Units Schedule

Primary Bl Centrifugal var spd mir 0.65 0.00027 Kw//Clm-in wg Available (100%)

Secondary Axial fan with VFD 0.65 0.000258 Kw//Clm-in wg Available (100%)

Retun Axial fan with VFD 0.395 0.000258 Kw//Clm-in wg Available (100%)

System exhaust None 0 0 kw Available (100%)

Room exhaust None 0 0 kw Available (100%)

Optional ventilation  |None 0 0 kw Available (100%)

Ausiliary None 0 0 K/ Available (100%)

90.1 Primary Fan Power Adjustment kPa
Selecton | Options | Dedicated0A |  Temp/Humidity Eans Coils | Schematic
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¥ Create Systems - Heating and Cooling Coil Overrides

Alternative 1
System description v| Two-Fan Double Duct VAV
i Capacity Overrides
Capacity Capacity Units Schedule
Main cooling 100 % of Design Capacity by adjusting airflow Available (100%]
Auziliary cooling % of Design Cooling Capacity Available (100%]
Main heating 100 % of Design Capacity Available (100%]
Auziliary heating % of Design Capacity Available (100%)
Preheat 0 % of Design Capacity Available (100%)
Reheat 0 % of Design Capacity Available (100%)
Humidification 0 % of Design Capacity Available (100%)
- Diversity
P 100 %
Warning: The fields marked in red require other entries for a corect simulation. Sre
Contact C.D.S. Support at 608-787-3926 for a detailed explanation. Lights 100 %
Misc loads |100 %
Selecton | Options | Dedicated 0A Temp/Humidity Fans Coils

i §

Close

Schematic

¥ Create Systems - Schematic

Alternative 1
System description | SR ITNIE v | Two-Fan Double Duct VAY
optional
exhaust/return
fan
air from all zones
heating fan
: >
heating/
y reheat coil
main heating
coll >
cooling fan mixing boxes
preheat cooling
coil coil
Selecton | Options | Dedcated0A |  Temp/Humidiy Fans | Cos

Close

Print

i

Schematic
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E Assign Zones and Rooms E]
Alternative 1
Systems, Zones, Rooms
| R
Unassigned Rooms
New System
AHU SW (1-7)
e New Zone
AHU SE (17) 4,
fod 4HU Nw (815) New Room
AHU NE (815)
AHU SW (815)
o
AHU SE (815) _ Dok |
_ o |
Expand All
I™ Summary Information Collapse Al
W Create Plants Q ‘
Alternative 1
Equipment Category Configuration

Close

g ﬁ i = 1l&8 Cooling plant - 001
Mcooed  Aircooled  Watercooled Water-cooled % & Watercooled chler - 01 :
chiller unitary chiller unitary % &% Water-cooled chiler - 002 Plant Wizard

3 ﬁz ‘Water-cooled chiller - 003

“ ga | 6 A # &% Water-cooled chiller - 004 New Clg Plant
s e \ll#4 Heating plants

Water source Boiler Electric Gas-fired heat - ll#8 Heating plant - 002 New Htg Plant
heat pump resistance  exchanger # & Boier- 001
1t L G
g © W o
Air-cooled  Cooling tower Pumps Thermal
condenser storage

Energy Manmt....

LRL L R

To assign equipment, drag the desired equipment category to the configuration tree.

Configuration Cooling Equipment Heating Equipment Base Utility / Misc. Accessory
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# Create Plants

Cooling Equipment - Alternative 1 Heat Rejection
Cooling plant (Cooling plant - 001 v Type |Cooling tower for Cent. Chillers j |
Equipment tag IWater-cooIed chiller - 001 ﬂ Hourly ambient wet bulb offset [ HE Close I
Category IWaler~cooIed chiller ﬂ
Equipment type | Centiifugal 2.Stage w/ Var FreqDr v Thermal Storage New Equip |
Sequencing type ]Parallel ﬂ Type INone j Copy Equip |
Energy source ] j Capacity I j PEE—
Delete Equip |
Reject condenser heat IHeat rejection equipment ﬂ Schedule I torage v
Reject heat to plant l j
Controls... |
Operating mode Capacity Energy rate Pe a5 1
|Cooling 2110 kw 5.2 COP (compressor only) bt
Heat recovery tons Kw//ton L
Tank charging tons kw//ton
[T ank charging & heat recovery tons Kw//ton
Pumps Type Full load consumption
Primary chilled water Cnst vol chill water pump 40 kw
Condenser water Chst vol cnd water pump - Low Eff 20 kw
Heat recovery or aux condenser None ft water
Configuration Cooling Equipment Heating Equipment ] Base Utility / Misc. Accessory
W Create Plants E]
Heating Equipment - Altemative 1 Thermal Storage
=N T T I H e ating plant - 002 L] Type INone LI 3pply
Equipment tag IBoiIer -0Mm L] Capacity I L] | Close I
Category IBOile' L] Schedule I torage ;]
Equipment type IDefauIt Boiler L] New Equip
Controls
- Copy Equip
. quipment . .
Capacity [ [Mbh | schedule |vailable (100%) - T |
Energy rate |8343 IPercent efficient j Demand limiting priority I
Hot Water Pump
Type IHeating water circ pump L]
Full load
consumption |15 kw ﬂ
Configuration ] Cooling Equipment Heating Equipment Base Utility / Misc. Accessory

94




W Create Plants E] @

Alternative 1
i Miscellaneous accessories ! Spply |
Plant Equipment tag Type Energy Schedule Type None ﬂ
o ]
Cooling plant - ... Al None 0 k'w/ Off [0%] Description I
Plant If";;‘:" 001 LI
Equipment tag | j —I
Energy I LI PYMISC |
Schedde [ )| [eeseis
~ Base utility :
Hourly
Plant Type demand Schedule Type [None =S |
Stand-alone None 0 kw Off (0% Description I . |
Plant I j-alone j —
Hourly l’* I‘» j Delete Utility |
demand >
Schedule [ 0 j
Demand limiting
priority
Configuration ] Cooling Equipment ] Heating Equipment Base Utility 7 Misc. Accessory
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APPENDIX D — TRACE 700 BRISBANE
WEATHER FILES

Cloud Wind | Barometric
Humidity Cover Speed| Pressure
Date OADB | OAWB Ratio Maodifier m/s (kPa)

1 January, 23.7 21.6 15.41 1 3.3 100.99
2 January, 23.3 21.5 15.41 1 3.3 100.99
3 January, 22.9 21.4 15.41 1 3.3 100.99
4 January, 22.7 21.3 15.41 1 3.3 100.99
5 January, 22.6 21.3 15.41 1 3.3 100.99
6 January, 22.8 21.3 15.41 1 3.3 100.99
7 January, 23.2 21.5 15.41 1 3.3 100.99
8 January, 23.9 21.7 15.41 1 3.3 100.99
9 January, 25 22 15.41 1 3.3 100.99

10 January, 26.2 22.3 15.41 1 3.3 100.99
11 January, 27.6 22.7 15.41 1 3.3 100.99
12 January, 28.9 23.1 15.41 1 3.3 100.99
13 January, 29.9 23.4 15.41 1 3.3 100.99
14 January, 30.6 23.5 15.41 1 3.3 100.99
15 January, 30.8 23.6 15.41 1 3.3 100.99
16 January, 30.6 23.5 15.41 1 3.3 100.99
17 January, 30 23.4 15.41 1 3.3 100.99
18 January, 29.1 23.1 15.41 1 3.3 100.99
19 January, 28 22.8 15.41 1 3.3 100.99
20 January, 26.9 22.5 15.41 1 3.3 100.99
21 January, 26 22.3 15.41 1 3.3 100.99
22 January, 25.2 22 15.41 1 3.3 100.99
23 January, 24.6 21.9 15.41 1 3.3 100.99
24 January, 24.1 21.7 15.41 1 3.3 100.99
1 February, 23.5 21.5 15.42 1 3.3 100.99
2 February, 23 21.4 15.42 1 3.3 100.99

3 February, 22.7 21.3 15.42 1 3.3 100.99
4 February, 22.5 21.3 15.42 1 3.3 100.99
5 February, 22.4 21.2 15.42 1 3.3 100.99
6 February, 22.6 21.3 15.42 1 3.3 100.99
7 February, 23 21.4 15.42 1 3.3 100.99

8 February, 23.7 21.6 15.42 1 3.3 100.99
9 February, 24.7 21.9 15.42 1 3.3 100.99
10 February, 26 22.3 15.42 1 3.3 100.99
11 February, 27.3 22.7 15.42 1 3.3 100.99
12 February, 28.6 23 15.42 1 3.3 100.99
13 February, 29.6 23.3 15.42 1 3.3 100.99
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14 February, 30.3 23.5 15.42 1 3.3 100.99
15 February, 30.5 23.5 15.42 1 3.3 100.99
16 February, 30.3 23.5 15.42 1 3.3 100.99
17 February, 29.7 23.3 15.42 1 3.3 100.99
18 February, 28.8 23.1 15.42 1 3.3 100.99
19 February, 27.7 22.8 15.42 1 3.3 100.99
20 February, 26.7 22.5 15.42 1 3.3 100.99
21 February, 25.8 22.2 15.42 1 3.3 100.99
22 February, 25 22 15.42 1 3.3 100.99
23 February, 24.3 21.8 15.42 1 3.3 100.99
24 February, 23.9 21.7 15.42 1 3.3 100.99
1 March, 22.2 20.5 14.45 1 3.3 100.99
2 March, 21.8 20.3 14.45 1 3.3 100.99
3 March, 21.4 20.2 14.45 1 3.3 100.99
4 March, 21.2 20.2 14.45 1 3.3 100.99
5 March, 21.1 20.1 14.45 1 3.3 100.99
6 March, 21.3 20.2 14.45 1 3.3 100.99
7 March, 21.7 20.3 14.45 1 3.3 100.99
8 March, 22.5 20.6 14.45 1 3.3 100.99
9 March, 23.6 20.9 14.45 1 3.3 100.99
10 March, 24.9 21.3 14.45 1 3.3 100.99
11 March, 26.3 21.7 14.45 1 3.3 100.99
12 March, 27.7 22.1 14.45 1 3.3 100.99
13 March, 28.8 22.4 14.45 1 3.3 100.99
14 March, 29.4 22.6 14.45 1 3.3 100.99
15 March, 29.7 22.7 14.45 1 3.3 100.99
16 March, 29.4 22.6 14.45 1 3.3 100.99
17 March, 28.8 22.4 14.45 1 3.3 100.99
18 March, 27.9 22.2 14.45 1 3.3 100.99
19 March, 26.8 21.8 14.45 1 3.3 100.99
20 March, 25.7 215 14.45 1 3.3 100.99
21 March, 24.7 21.2 14.45 1 3.3 100.99
22 March, 23.9 21 14.45 1 3.3 100.99
23 March, 23.2 20.8 14.45 1 3.3 100.99
24 March, 22.6 20.6 14.45 1 3.3 100.99
1 April, 19.8 18.1 12.34 1 3.3 100.99

2 April, 194 18 12.34 1 3.3 100.99

3 April, 19 17.8 12.34 1 3.3 100.99

4 April, 18.7 17.7 12.34 1 3.3 100.99

5 April, 18.6 17.7 12.34 1 3.3 100.99

6 April, 18.8 17.8 12.34 1 3.3 100.99

7 April, 19.3 17.9 12.34 1 3.3 100.99

8 April, 20.1 18.2 12.34 1 3.3 100.99
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9 April, 21.3 18.6 12.34 1 3.3 100.99
10 April, 22.7 19.1 12.34 1 3.3 100.99
11 April, 24.3 19.6 12.34 1 3.3 100.99
12 April, 25.8 20 12.34 1 3.3 100.99
13 April, 27 20.4 12.34 1 3.3 100.99
14 April, 27.7 20.6 12.34 1 3.3 100.99
15 April, 28 20.7 12.34 1 3.3 100.99
16 April, 27.7 20.6 12.34 1 3.3 100.99
17 April, 27.1 20.4 12.34 1 3.3 100.99
18 April, 26 20.1 12.34 1 3.3 100.99
19 April, 24.8 19.7 12.34 1 3.3 100.99
20 April, 23.6 19.3 12.34 1 3.3 100.99
21 April, 22.5 19 12.34 1 3.3 100.99
22 April, 21.6 18.7 12.34 1 3.3 100.99
23 April, 20.9 18.5 12.34 1 3.3 100.99
24 April, 20.3 18.3 12.34 1 3.3 100.99
1 May, 16.7 15 9.96 1 6.6 100.99
2 May, 16.2 14.8 9.96 1 6.6 100.99
3 May, 15.8 14.7 9.96 1 6.6 100.99
4 May, 155 14.5 9.96 1 6.6 100.99
5 May, 154 14.5 9.96 1 6.6 100.99
6 May, 15.6 14.6 9.96 1 6.6 100.99
7 May, 16.1 14.8 9.96 1 6.6 100.99
8 May, 17 15.1 9.96 1 6.6 100.99
9 May, 18.2 15.6 9.96 1 6.6 100.99
10 May, 19.7 16.1 9.96 1 6.6 100.99
11 May, 21.3 16.7 9.96 1 6.6 100.99
12 May, 22.9 17.2 9.96 1 6.6 100.99
13 May, 24 17.6 9.96 1 6.6 100.99
14 May, 24.8 17.9 9.96 1 6.6 100.99
15 May, 25.1 18 9.96 1 6.6 100.99
16 May, 24.8 17.9 9.96 1 6.6 100.99
17 May, 24.1 17.6 9.96 1 6.6 100.99
18 May, 23.1 17.3 9.96 1 6.6 100.99
19 May, 21.8 16.8 9.96 1 6.6 100.99
20 May, 20.5 16.4 9.96 1 6.6 100.99
21 May, 19.5 16 9.96 1 6.6 100.99
22 May, 18.5 15.7 9.96 1 6.6 100.99
23 May, 17.7 154 9.96 1 6.6 100.99
24 May, 17.1 15.2 9.96 1 6.6 100.99
1 June, 13.9 12.2 8.13 1 6.9 100.99
2 June, 134 12 8.13 1 6.6 100.99
3 June, 13 11.8 8.13 1 6.6 100.99
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4 June, 12.7 11.7 8.13 1 6.9 100.99
5 June, 12.6 11.6 8.13 1 6.4 100.99
6 June, 12.8 11.7 8.13 1 6.9 100.99
7 June, 13.3 11.9 8.13 1 6.4 100.99
8 June, 14.2 12.3 8.13 1 6.9 100.99
9 June, 15.6 12.8 8.13 1 6.9 100.99
10 June, 17.1 13.5 8.13 1 6.6 100.99
11 June, 18.8 14.1 8.13 1 6.6 100.9¢9
12 June, 20.5 14.8 8.13 1 6.6 100.99
13 June, 21.7 15.2 8.13 1 6.6 100.9¢
14 June, 22.5 15.5 8.13 1 6.6 100.9¢9
15 June, 22.8 15.6 8.13 1 6.6 100.9¢9
16 June, 22.5 155 8.13 1 6.6 100.9¢
17 June, 21.8 15.3 8.13 1 6.6 100.99
18 June, 20.7 14.8 8.13 1 6.6 100.9¢9
19 June, 19.3 14.3 8.13 1 6.6 100.99
20 June, 18 13.8 8.13 1 6.6 100.99
21 June, 16.9 134 8.13 1 6.6 100.9¢9
22 June, 15.9 13 8.13 1 6.6 100.99
23 June, 15 12.6 8.13 1 6.6 100.99
24 June, 14.4 12.4 8.13 1 6.6 100.99
1 July, 125 10.6 7.16 1 6.6 100.99
2 July, 11.9 10.3 7.16 1 6.6 100.99
3 July, 114 10.1 7.16 1 6.6 100.99
4 July, 111 10 7.16 1 6.6 100.99
5 July, 11 9.9 7.16 1 6.6 100.99
6 July, 11.2 10 7.16 1 6.6 100.99
7 July, 11.8 10.3 7.16 1 6.6 100.99
8 July, 12.8 10.7 7.16 1 6.6 100.99
9 July, 14.2 11.3 7.16 1 6.6 100.99
10 July, 15.9 12 7.16 1 6.6 100.99
11 July, 17.8 12.8 7.16 1 6.6 100.99
12 July, 19.6 135 7.16 1 6.6 100.99
13 July, 21 141 7.16 1 6.6 100.99
14 July, 21.9 14.4 7.16 1 6.6 100.99
15 July, 22.2 145 7.16 1 6.6 100.99
16 July, 21.9 14.4 7.16 1 6.6 100.99
17 July, 21.1 14.1 7.16 1 6.6 100.99
18 July, 19.8 13.6 7.16 1 6.6 100.99
19 July, 18.4 13 7.16 1 6.6 100.99
20 July, 16.9 125 7.16 1 6.6 100.99
21 July, 15.7 11.9 7.16 1 6.6 100.99
22 July, 14.6 11.5 7.16 1 6.6 100.99
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23 July, 13.7 11.1 7.16 1 6.6 100.99
24 July, 13 10.8 7.16 1 6.6 100.99
1 August, 13.1 10.8 7.12 1 6.6 100.99
2 August, 12.5 10.6 7.12 1 6.6 100.99
3 August, 12.1 10.4 7.12 1 6.6 100.99
4 August, 11.7 10.2 7.12 1 6.6 100.99
5 August, 11.6 10.1 7.12 1 6.6 100.99
6 August, 11.8 10.2 7.12 1 6.6 100.99
7 August, 12.4 10.5 7.12 1 6.6 100.99
8 August, 13.5 11 7.12 1 6.6 100.99
9 August, 15 11.6 7.12 1 6.6 100.99
10 August, 16.7 12.3 7.12 1 6.6 100.99
11 August, 18.7 13.1 7.12 1 6.6 100.99
12 August, 20.6 13.9 7.12 1 6.6 100.99
13 August, 22 14.4 7.12 1 6.6 100.99
14 August, 22.9 14.8 7.12 1 6.6 100.99
15 August, 23.3 14.9 7.12 1 6.6 100.99
16 August, 22.9 14.8 7.12 1 6.6 100.99
17 August, 22.1 14.5 7.12 1 6.6 100.99
18 August, 20.8 14 7.12 1 6.6 100.99
19 August, 19.3 134 7.12 1 6.6 100.99
20 August, 17.8 12.8 7.12 1 6.6 100.99
21 August, 16.5 12.2 7.12 1 6.6 100.99
22 August, 15.3 11.8 7.12 1 6.6 100.99
23 August, 14.4 11.4 7.12 1 6.6 100.99
24 August, 13.7 11.1 7.12 1 6.6 100.99
1 September, 15.6 13.2 8.5 1 6.6 100.99
2 September, 15 13 8.5 1 6.6 100.99
3 September, 14.6 12.8 8.5 1 6.6 100.99
4 September, 14.2 12.7 8.5 1 6.6 100.99
5 September, 14.1 12.6 8.5 1 6.6 100.99
6 September, 14.3 12.7 8.5 1 6.6 100.99
7 September, 14.9 12.9 8.5 1 6.6 100.99
8 September, 15.9 13.3 8.5 1 6.6 100.99
9 September, 17.4 13.9 8.5 1 6.6 100.99
10 September 19.1 14.6 8.5 1 6.6 100.99
11 September 21 15.3 8.5 1 6.6 100.99
12 September 22.8 15.9 8.5 1 6.6 100.99
13 September 24.2 16.4 8.5 1 6.6 100.99
14 September 25.1 16.8 8.5 1 6.6 100.99
15 September 25.4 16.9 8.5 1 6.6 100.99
16 September 25.1 16.8 8.5 1 6.6 100.99
17 September 24.3 16.5 8.5 1 6.6 100.99
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18 September 23 16 8.5 1 6.6 100.99
19 September 21.6 15.5 8.5 1 6.6 100.99
20 September 20.1 15 8.5 1 6.6 100.99
21 September 18.8 14.5 8.5 1 6.6 100.99
22 September 17.7 14 8.5 1 6.6 100.99
23 September 16.8 13.7 8.5 1 6.6 100.99
24 September 16.1 13.4 8.5 1 6.6 100.99
1 October, 18.5 16.5 10.91 1 6.6 100.99
2 October, 18 16.3 10.91 1 6.6 100.99

3 October, 17.6 16.2 10.91 1 6.6 100.99
4 October, 17.3 16.1 10.91 1 6.6 100.99
5 October, 17.2 16 10.91 1 6.6 100.99

6 October, 17.4 16.1 10.91 1 6.6 100.99
7 October, 17.9 16.3 10.91 1 6.6 100.99
8 October, 18.8 16.6 10.91 1 6.6 100.99
9 October, 20.1 17.1 10.91 1 6.6 100.99
10 October, 21.6 17.6 10.91 1 6.6 100.99
11 October, 23.4 18.2 10.91 1 6.6 100.99
12 October, 25 18.7 10.91 1 6.4 100.9¢

13 October, 26.2 19.1 10.91 1 6.6 100.99
14 October, 27 19.3 10.91 1 6.4 100.9¢

15 October, 27.3 19.4 10.91 1 6.6 100.99
16 October, 27 19.3 10.91 1 6.4 100.9¢

17 October, 26.3 19.1 10.91 1 6.6 100.99
18 October, 25.2 18.8 10.91 1 6.6 100.99
19 October, 23.9 18.3 10.91 1 6.6 100.99
20 October, 22.6 17.9 10.91 1 6.6 100.99
21 October, 21.4 17.5 10.91 1 6.6 100.99
22 October, 20.4 17.2 10.91 1 6.6 100.99
23 October, 19.6 16.9 10.91 1 6.6 100.99
24 October, 19 16.7 10.91 1 6.4 100.9¢

1 November, 20.9 19.1 13.09 1 3.3 100.99
2 November, 20.4 18.9 13.09 1 3.3 100.99
3 November, 20.1 18.8 13.09 1 3.3 100.99
4 November, 19.8 18.7 13.09 1 3.3 100.99
5 November, 19.7 18.7 13.09 1 3.3 100.99
6 November, 19.9 18.7 13.09 1 3.3 100.99
7 November, 20.4 18.9 13.09 1 3.3 100.99
8 November, 21.2 19.1 13.09 1 3.3 100.99
9 November, 22.4 19.5 13.09 1 3.3 100.99
10 November, 23.8 20 13.09 1 3.3 100.99
11 November, 25.4 20.5 13.09 1 3.3 100.99
12 November, 26.9 20.9 13.09 1 3.3 100.99
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13 November, 28 21.2 13.09 1 3.3 100.99
14 November, 28.7 21.5 13.09 1 3.3 100.99
15 November, 29 21.5 13.09 1 3.3 100.99
16 November, 28.7 21.5 13.09 1 3.3 100.99
17 November, 28.1 21.3 13.09 1 3.3 100.99
18 November, 27 21 13.09 1 3.3 100.99
19 November, 25.8 20.6 13.09 1 3.3 100.99
20 November, 24.6 20.2 13.09 1 3.3 100.99
21 November, 23.6 19.9 13.09 1 3.3 100.99
22 November, 22.7 19.6 13.09 1 3.3 100.99
23 November, 21.9 194 13.09 1 3.3 100.99
24 November, 21.4 19.2 13.09 1 3.3 100.99
1 December, 22.6 20.8 14.69 1 3.3 100.99
2 December, 22.1 20.6 14.69 1 3.3 100.99
3 December, 21.8 20.5 14.69 1 3.3 100.99
4 December, 21.5 20.4 14.69 1 3.3 100.99
5 December, 21.4 20.4 14.69 1 3.3 100.99
6 December, 21.6 20.5 14.69 1 3.3 100.99
7 December, 22 20.6 14.69 1 3.3 100.99
8 December, 22.8 20.8 14.69 1 3.3 100.99
9 December, 24 21.2 14.69 1 3.3 100.99
10 December, 25.3 21.6 14.69 1 3.8 100.99
11 December, 26.8 22 14.69 1 3.3 100.99
12 December, 28.3 22.4 14.69 1 3.8 100.99
13 December, 29.3 22.7 14.69 1 3.8 100.99
14 December, 30 22.9 14.69 1 3.3 100.99
15 December, 30.3 23 14.69 1 3.3 100.99
16 December, 30 22.9 14.69 1 3.3 100.99
17 December, 29.4 22.8 14.69 1 3.8 100.99
18 December, 28.4 22.5 14.69 1 3.8 100.99
19 December, 27.3 22.1 14.69 1 3.8 100.99
20 December, 26.1 21.8 14.69 1 3.8 100.99
21 December, 25.1 21.5 14.69 1 3.8 100.99
22 December, 24.2 21.3 14.69 1 3.8 100.99
23 December, 23.5 21 14.69 1 3.3 100.99
24 December, 23 20.9 14.69 1 3.3 100.99
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APPENDIX E —295 ANN STREET TYPICAL

FLOOR PLAN
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APPENDIX F - BCA 2010 GLAZING
CALCULATOR

BCA VOLUME ONE GLAZING CALCULATOR (firstissued with BCA 2010) (FTHELP™

Building namefdescription Application Climate zone
|2 . | |other | | 2 |
Storey Facade areas
v T e SE | Sw NW
Option & |91.25m?| | 216m? | 191.25m?| 216m?
Option B J 7
Glsangarsa(d] ............. 412012 s 951 M2t 414m? ... 95.7m?
Number of rows preferred in table below 14 fos cumently dsplamed)
GLAZING ELEMENTS, ORIENTATION SECTOR, SIZE and PERFORMANCE CHARACTERISTICS SHADING 0
Glazing element Facing sector Size Performance P&H or device Shading Multipliers Size Outcomes
By \ Total 3 \ ) 3 Area | Element share
Option A Height | Width Area | U-Value | SHGC P H PH G |Heating Cooling| used of Xof
7D Description (optional) facades (m) (m?) (AFRC) (m) (m) (m) (SW (Se) (m?) | ellewance used
1 |Zone1 028| 004] 1.00| 0.77| 19.71]21% of 163%
2 Zone 14 028| 0.04] 1.00| 0.77| 18.30|19% of 163%
3 |Zone 16 028| 0.04] 1.00| 0.77| 29.74|31% of 163%
4 |Zone 17 028| 0.04] 100| 0.77| 27.98]29% of 163%
5 |Zone 10 028| 004] 100| 077| 5.28|13%of201%
6 Zone 12 028| 004] 1.00| 0.77| 28.86|70% of 201%
7 |Zone 14 028| 004] 1.00| 077 7.04 [17% of 201%
8 |Zone1 028| 004] 1.00| 082 7.04117% of 115%
9 |Zone3d 028| 004] 100| 0.82| 26.40|64% of 115%
10 Zone 5 028] 004) 100 082 7.92 [19% of 115%
11 Zone 5 028| 004] 100 079] 19.71 21% of 131%
12 Zone7 028] 0.04) 100| 0.79] 25.34)26% of 131%
13 Zone 8 028| 004] 100| 079 29.74|31% of 131%
14 Zone 10 0.28| 0.04] 1.00| 0.79]| 20.94)22% of 131%

IMPORTANT NOTICE AND DISCLAIMER IN RESPECT OF THE GLAZING CALCULATOR

The Glazing Calculator has been developed by the ABCB to assist in developing a better understanding of glazing energy efficiency parameters.

While the ABCB believes that the Glazing Calculator, if used correctly, will produce accurate results, it is provided "as is" and without any representation or warranty of
any kind, including that it is fit for any purpose or of merchantable quality, or functions as intended o at all.

Your use of the Glazing Calculator is entirely at your own risk and the ABCB accepts no liability of any kind.
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APPENDIX G - BCA 2010 GLAZING
CALCULATOR

BCA VOLUME ONE GLAZING CALCULATOR (first issued with BCA 2010)

Building namefdescription Application Climate zone
|295 Ann Street l Iother l I 2
Storey Facade areas )
N NE SE SW b NW | intema
Option & 191.25m?| | 216m? | 191.25m?| | 216m? |
Option B 773
Glazngarss(d] ............. 4 12 e N 95 Mz 41.4m% =......... 95.7m?

Numnber of rows preferred in table below 14 fos cumently displapedy

GLAZING ELEMENTS, ORIENTATION SECTOR, SIZE and PERFORMANCE CHARACTERISTICS SHADING CALCULATED OUTCOMES OK (if inputs are valid)
Glazing element Facing sector Size Performance P&H or device Shading Multipliers Size

b 3 Total ) 3 ) 3 LICE  Element share
Option A| CptionE | Height | Width Area |U-Value = SHGC P H PH | G [Heating Cooling| used of % of

<7/ ID Description (optional) facades | facadk (m) (m) (m?) (4FRC) | (AFRC) (m) (m) (m) (SW (Se) (LI allowance used
1 [zone1 NW 176 11.20] 34 | 048 | 0500] 1.800{028] 004| 100 077] 19.71 PAEKARRRD
2 |Zone 14 NW 1.76 | 10.40 34 | 048 0.500 | 1.800) 028 | 004 100 077) 1830 QEREVEIN
3 |zone 16 NW 176 16.90 34 | 048 | 0500] 1.800{028] 004| 100 077| 2974 FIRRARRD
4 |Zone 17 NW 1.76 | 15.90 34 | 048 0.500 | 1.800| 028 | 004 100 077] 27.98 PRI
5 |Zone 10 NE 176 3.00] 34 | 040 | 0500| 1.800{028| 004| 100 077| 528 [REAGRONA
6 Zone 12 NE 1.76 | 16.40 | 34 | 0.40 0.500 | 1.800|028| 004 100| 077) 2886 GGEINEIEL
7 |Zone 14 NE 176 400 34 | 040 0.500 | 1.800|0.28 | 004 100| 077 JRIEY 17% of 100%
8 |Zone 1 sw 176 400 34 | 069 | 0500( 1.800{028] 004| 100 082| 704 [RERARRD
9 |zone3 sw 176 15.00] 34 | 069 | 0500( 1.800[028] 004] 100| 082| 2640 [RARCA
10 |Zone 5 sw 176 450] 34 | 069 | 0500] 1.800{028] 004| 100 082| 792 [EEARED
11 |Zone § SE 176 | 11.20 34 | 061 0.500 | 1.800|028| 004 100] 079] 1971 PARKIRIIG
12 [Zone 7 SE 176 1440] 34 | 061 | 0500( 1.800{028| 004| 100 079] 2534 PREAARON
13 |Zone 8 SE 176 1690 34 | 061 | 0500( 1.800{028| 004| 100 079] 2974 FYRARRONA
14 (Zone 10 SE 1.76 | 11.90 34 0.61 0.500 | 1.800 028 | 0.04 100| 079] 20.94 pra/y gl

IMPORTANT NOTICE AND DISCLAIMER IN RESPECT OF THE GLAZING CALCULATOR

The Glazing Calculator has been developed by the ABCB to assist in developing a better understanding of glazing energy efficiency parameters.

While the ABCB believes that the Glazing Calculator, if used correctly, will produce accurate results, it is provided “as is" and without any representation or warranty of
any kind, including that it is fit for any purpose or of merchantable quality, or functions as intended or at all.

Your use of the Glazing Calculator is entirely at your own risk and the ABCB accepts no liability of any kind.

if inputs are valid
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APPENDIX H - MODELLING OUTPUT FOR
EXISTING BUILDING
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MONTHLY ENERGY CONSUMPTION

By University of Southern Queensland

------- Monthly Energy Consumption — -------

Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 1 295 Ann Street - Mixing Boxes
Electric
On-Pk Cons. (kWh) 856,968 775,706 816,186 722,789 688,902 625,513 631,470 639,129 641,097 718,980 748,552 825,212 8,690,506
On-Pk Demand (kW) 1,483 1,527 1,470 1,361 1,116 1,020 985 1,001 1,062 1,188 1,370 1,431 1,527
Gas
On-Pk Cons. (kWh) 4,523 1,685 7,691 27,162 88,294 151,500 184,253 154,253 87,970 44,723 13,732 9,716 775,503
On-Pk Demand (kW) 39 20 61 173 323 437 474 455 369 262 99 65 474
Water
Cons. (kL) 5,592 5,059 5,052 3,951 2,930 1,984 1,735 1,902 2,415 3,494 4,369 5,200 43,682
Energy Consumption Environmental Impact Analysis
Building 1,773 MJ/(m2-year) CcO2 No Data Available
Source 5,035 MJ/(m2-year) SO2 No Data Available
NOX No Data Available
Floor Area 19,229 m2
Project Name: Final Year Project TRACE® 700 v6.2.6.5 calculated at 09:48 PM on 06/18/2011
Dataset Name: Final Year Project.trc Alternative - 1  Monthly Energy Consumption report Page 1 of 4
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EQUIPMENT ENERGY CONSUMPTION

By University of Southern Queensland

Alternative: 1 295 Ann Street - Mixing Boxes

------- Monthly Consumption

Equipment - Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Lights
Electric (kWh) 214,596.9  193,829.4  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9  214,596.9 207,674.4  214,596.9  207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Misc. Ld
Electric (kWh) 214,596.9  193,829.4  214,596.9  207,674.4  214,596.9 207,674.4 214,596.9  214,596.9 207,674.4  214,596.9  207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Cooling Coil Condensate
Recoverable Water (kL) 666.3 599.7 582.6 401.7 224.1 87.4 46.0 49.3 129.3 347.2 464.7 607.3 4,205.5
Peak (KL/Hr) 1.0 1.0 0.9 0.6 0.4 0.2 0.1 0.1 0.2 0.6 0.7 0.9 1.0
Cpl 1: Cooling plant - 001 [Sum of dsn coil capacities=2,778 kW]
Water-cooled chiller - 001 [Clg Nominal Capacity/F.L.Rate=2,110 kW / 405.8 kW] (Cooling Equipment)
Electric (kWh) 192,192.6  172,572.9  174,169.4  140,853.4 92,248.5 57,116.9 49,226.7 54,086.9 72,480.9 117,885.5  156,808.9 182,653.9 1,462,296.5
Peak (kW) 376.2 360.3 358.4 343.9 238.9 167.5 143.2 158.8 207.2 302.0 355.7 357.2 376.2
Cooling tower for Cent. Chillers [Design Heat Rejection/F.L.Rate=2,515 kW / 47.22 kW]
Electric (kWh) 35,135.2 31,735.0 35,135.2 34,001.8 35,135.2 33,247.8 31,752.3 32,480.4 34,001.8 35,135.2 34,001.8 35,135.2 406,896.7
Peak (kW) 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2
Cooling tower for Cent. Chillers
Make Up Water (kL) 4,806.0 4,328.2 4,538.5 3,950.5 2,929.9 1,983.9 1,734.6 1,902.2 2,415.4 3,493.6 4,251.5 4,693.3 41,027.5
Peak (KL/Hr) 8.6 8.4 8.3 8.4 6.8 5.3 4.7 5.2 6.2 7.9 8.5 8.4 8.6
Cnst vol chill water pump (Misc Accessory Equipment)
Electric (kWh) 29,760.0 26,880.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 350,400.0
Peak (kW) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Cnst vol cnd water pump - Low Eff (Misc Accessory Equipment)
Electric (kWh) 14,880.0 13,440.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 175,200.0
Peak (kW) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Water-cooled chiller - 002 [Clg Nominal Capacity/F.L.Rate=1,800 kW / 346.2 kW] (Cooling Equipment)
Electric (kWh) 32,101.8 29,719.8 20,281.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4,446.6 20,292.9 106,842.6
Peak (kW) 206.0 210.2 192.1 153.8 0.0 0.0 0.0 0.0 0.0 0.0 164.9 190.6 210.2
Project Name: Final Year Project TRACE® 700 v6.2.6.5 calculated at 09:48 PM on 06/18/2011
Dataset Name: Final Year Project.trc Alternative - 1  Equipment Energy Consumption report page 1 of 19
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APPENDIX | - MODELLING OUTPUT FOR
REFERENCE BUILDING W ITH ZONE MIXING
BOXES & CENTRAL AIR HANDLING
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MONTHLY ENERGY CONSUMPTION

By University of Southern Queensland

——————— Monthly Energy Consumption = -------

Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 4 reference building
Electric
On-Pk Cons. (kWh) 745,706 674,534 699,810 612,354 571,441 513,420 513,431 519,863 529,830 610,127 641,636 712,890 7,345,042
On-Pk Demand (kW) 1,334 1,352 1,284 1,078 927 832 800 808 884 1,013 1,133 1,284 1,352
Gas
On-Pk Cons. (kWh) 1,339 503 3,261 12,335 44,221 81,379 108,961 83,625 41,218 22,160 5,376 3,834 408,212
On-Pk Demand (kW) 19 6 27 74 183 256 331 271 211 164 44 36 331
Water
Cons. (kL) 5,079 4,572 4,487 3,354 2,287 1,401 1,080 1,241 1,835 2,829 3,830 4,672 36,666
Energy Consumption Environmental Impact Analysis
Building 1,452 MJ/(m2-year) CcO2 No Data Available
Source 4,207 MJ/(m2-year) SO2 No Data Available
NOX No Data Available
Floor Area 19,229 m2
Project Name: Final Year Project TRACE® 700 v6.2.6.5 calculated at 10:51 AM on 07/22/2011

Dataset Name: Final Year Project2.trc Alternative - 4 Monthly Energy Consumption report Page 3 of 3
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EQUIPMENT ENERGY CONSUMPTION

By University of Southern Queensland

Alternative: 4 reference building

------- Monthly Consumption

Equipment - Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Lights
Electric (kWh) 128,758.0  116,297.7  128,758.1  124,604.7  128,758.2  124,604.7  128,758.0  128,758.1  124,604.7  128,758.2  124,604.7  128,758.0 1,516,023.1
Peak (kW) 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1
Misc. Ld
Electric (kWh) ~ 214,596.9  193,829.4  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9 214,596.9 207,674.4  214,596.9  207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Cooling Coil Condensate
Recoverable Water (KL) 723.3 652.5 630.8 438.9 253.4 110.8 62.8 68.5 159.1 361.3 509.9 657.8 4,629.1
Peak (KL/Hr) 1.1 1.1 1.0 0.7 0.4 0.2 0.1 0.1 0.3 0.7 0.8 1.0 1.1
Cpl 1: Cooling plant - 001 [Sum of dsn coil capacities=2,396 kW]
Water-cooled chiller - 001 [Clg Nominal Capacity/F.L.Rate=2,110 kW / 502.4 kW] (Cooling Equipment)
Electric (kWh)  237,883.4  207,305.0 206,892.2  141,758.4 87,662.0 52,903.9 41,888.3 47,782.8 68,585.1 115,001.6  167,657.8  218,044.6 1,593,365.0
Peak (kW) 459.2 461.9 469.5 355.6 232.0 152.6 127.7 140.8 203.4 293.7 406.6 440.0 469.5
Cooling tower for Cent. Chillers [Design Heat Rejection/F.L.Rate=2,612 kW / 49.04 kW]
Electric (kWh) 36,484.5 32,953.7 36,484.4 35,307.6 36,484.5 33,295.2 31,416.8 32,168.0 35,296.2 36,484.5 35,307.5 36,484.5 418,167.3
Peak (kW) 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0
Cooling tower for Cent. Chillers
Make Up Water (KL) 4,951.3 4,339.3 4,487.0 3,353.8 2,286.5 1,400.9 1,080.2 1,241.1 1,834.8 2,828.9 3,829.7 4,672.1 36,305.7
Peak (KL/Hr) 8.7 8.7 8.8 7.6 5.6 4.0 3.5 3.8 5.1 6.8 8.3 8.6 8.8
Cnst vol chill water pump (Misc Accessory Equipment)
Electric (kWh) 29,760.0 26,880.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 350,400.0
Peak (kW) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Cnst vol cnd water pump - Low Eff (Misc Accessory Equipment)
Electric (kWh) 14,880.0 13,440.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 175,200.0
Peak (kW) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Water-cooled chiller - 002 [Clg Nominal Capacity/F.L.Rate=1,800 kW / 428.6 kW] (Cooling Equipment)
Electric (kWh) 6,301.5 11,365.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17,667.2
Peak (kW) 224.2 225.0 202.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 207.1 225.0
Project Name: Final Year Project TRACE® 700 v6.2.6.5 calculated at 10:51 AM on 07/22/2011
Dataset Name: Final Year Project2.trc Alternative - 4  Equipment Energy Consumption report page 13 of 17
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APPENDIX J - MODELLING OUTPUT FOR
VARIABLE AIR VOLUME WITH CENTRAL AIR
HANDLING PLANT
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MONTHLY ENERGY CONSUMPTION

By University of Southern Queensland

------- Monthly Energy Consumption  -------

Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 2 295 Ann Street - VAV
Electric

On-Pk Cons. (kWh) 846,944 767,036 804,934 701,662 649,089 580,201 585,658 596,886 609,478 692,073 732,166 811,849 8,377,974

On-Pk Demand (kW) 1,483 1,527 1,469 1,366 1,120 981 943 994 1,072 1,188 1,370 1,431 1,527
Gas

On-Pk Cons. (kWh) 0 0 0 0 0 2 1,140 593 0 0 0 0 1,735

On-Pk Demand (kW) 0 0 0 0 0 0 8 5 0 0 0 0 8
Water

Cons. (kL) 5,505 5,004 4,932 3,705 2,416 1,324 1,038 1,258 1,935 3,113 4,218 5,074 39,522

Energy Consumption Environmental Impact Analysis

Building 1,569 MJ/(m2-year) CcO2 No Data Available
Source 4,707 MJ/(m2-year) SO2 No Data Available
NOX No Data Available
Floor Area 19,229 m2
Project Name: Final Year Project TRACE® 700 v6.2.6.5 calculated at 09:32 PM on 09/08/2011
Dataset Name: Final Year Project.trc Alternative - 2 Monthly Energy Consumption report Page 2 of 4
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EQUIPMENT ENERGY CONSUMPTION

By University of Southern Queensland

Alternative: 2 295 Ann Street - VAV

------- Monthly Consumption

Equipment - Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Lights
Electric (kWh) 214,596.9  193,829.4  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Misc. Ld
Electric (kWh) 214,596.9  193,829.4  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Cooling Coil Condensate
Recoverable Water (kL) 661.7 596.5 575.2 388.1 200.3 61.8 26.7 31.0 109.5 316.7 456.5 600.5 4,024.3
Peak (KL/Hr) 1.0 1.0 0.9 0.6 0.4 0.2 0.1 0.1 0.2 0.6 0.7 0.9 1.0
Cpl 1: Cooling plant - 001 [Sum of dsn coil capacities=2,778 kW]
Water-cooled chiller - 001 [Clg Nominal Capacity/F.L.Rate=2,110 kW / 405.8 kW] (Cooling Equipment)
Electric (kWh) 182,923.6  170,647.6  164,413.0 132,929.5 78,408.9 43,218.2 33,837.7 40,340.9 62,289.9 107,146.2  151,885.8  172,441.3 1,340,482.6
Peak (kW) 375.9 375.9 348.3 347.5 241.7 155.4 131.0 155.7 212.3 301.9 355.7 370.3 375.9
Cooling tower for Cent. Chillers [Design Heat Rejection/F.L.Rate=2,515 kW / 47.22 kW]
Electric (kWh) 35,135.2 31,735.0 35,135.2 34,001.8 35,135.2 31,406.6 29,993.3 30,741.5 33,616.8 35,135.2 34,001.8 35,135.2 401,172.6
Peak (kW) 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2
Cooling tower for Cent. Chillers
Make Up Water (kL) 4,594.0 4,270.9 4,297.4 3,705.0 2,416.1 1,324.2 1,037.9 1,258.1 1,934.7 3,112.8 4,100.5 4,444.4 36,496.0
Peak (kL/Hr) 8.5 8.5 8.3 8.4 6.9 4.9 4.3 5.1 6.4 7.9 8.5 8.5 8.5
Cnst vol chill water pump (Misc Accessory Equipment)
Electric (kWh) 29,760.0 26,880.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 350,400.0
Peak (kW) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Cnst vol cnd water pump - Low Eff (Misc Accessory Equipment)
Electric (kWh) 14,880.0 13,440.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 175,200.0
Peak (kW) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Water-cooled chiller - 002 [Clg Nominal Capacity/F.L.Rate=1,800 kW / 346.2 kW] (Cooling Equipment)
Electric (kWh) 37,204.3 29,835.8 25,110.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4,446.0 25,213.7 121,810.0
Peak (kW) 206.0 210.2 191.9 154.6 0.0 0.0 0.0 0.0 0.0 0.0 164.9 190.6 210.2
Project Name: Final Year Project TRACE® 700 v6.2.6.5 calculated at 09:32 PM on 09/08/2011
Dataset Name: Final Year Project.trc Alternative - 2  Equipment Energy Consumption report page 6 of 19
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MONTHLY ENERGY CONSUMPTION

By University of Southern Queensland

------- Monthly Energy Consumption = -------

Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 4 reference build vav
Electric
On-Pk Cons. (kWh) 737,103 668,481 690,488 597,316 545,228 476,833 478,768 489,829 509,829 592,649 629,978 702,265 7,118,766
On-Pk Demand (kW) 1,334 1,351 1,286 1,080 927 821 784 819 894 1,017 1,132 1,284 1,351
Gas
On-Pk Cons. (kWh) 0 0 0 0 0 0 1,338 468 0 0 0 0 1,806
On-Pk Demand (kW) o} 0 0 o} o} 0 11 5 0 0 0 o} 11
Water
Cons. (kL) 5,036 4,545 4,426 3,207 1,980 268 706 907 1,565 2,577 3,738 4,606 34,261
Energy Consumption Environmental Impact Analysis
Building 1,333 MJ/(m2-year) CcO2 No Data Available
Source 4,000 MJ/(m2-year) SO2 No Data Available
NOX No Data Available
Floor Area 19,229 m2

TRACE® 700 v6.2.6.5 calculated at 04:33 PM on 08/14/2011

Project Name: Final Year Project
Alternative - 4  Monthly Energy Consumption report Page 1 of 1

Dataset Name: Final Year Project4.trc
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EQUIPMENT ENERGY CONSUMPTION

By University of Southern Queensland

Alternative: 4 reference build vav

Monthly Consumption

Equipment - Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Lights
Electric (kwWh) 128,758.0  116,297.7  128,758.1  124,604.7  128,758.2  124,604.7  128,758.0  128,758.1  124,604.7  128,758.2  124,604.7  128,758.0 1,516,023.1
Peak (kW) 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1
Misc. Ld
Electric (kWh) 214,596.9  193,829.4  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Cooling Coil Condensate
Recoverable Water (kL) 719.8 650.3 625.6 424.3 223.8 74.1 37.4 45.9 133.6 321.5 499.1 652.5 4,407.8
Peak (kL/Hr) 11 1.1 1.0 0.7 0.5 0.2 0.1 0.1 0.3 0.7 0.8 1.0 11
Cpl 1: Cooling plant - 001 [Sum of dsn coil capacities=2,391 kW]
Water-cooled chiller - 001 [Clg Nominal Capacity/F.L.Rate=2,110 kW / 502.4 kW] (Cooling Equipment)
Electric (kwWh) 236,500.5  206,497.5  204,633.5 136,214.8 80,222.1 39,183.3 28,497.9 35,785.5 62,789.4 109,068.1  164,067.6  215,630.7 1,519,090.6
Peak (kW) 466.5 462.6 432.6 358.3 237.0 158.9 130.5 151.0 209.9 294.9 406.3 449.5 466.5
Cooling tower for Cent. Chillers [Design Heat Rejection/F.L.Rate=2,612 kW / 49.04 kW]
Electric (kWh) 36,484.5 32,953.7 36,484.4 35,307.6 36,484.5 32,346.6 30,760.1 31,571.6 34,624.1 36,484.5 35,307.5 36,484.5 415,293.5
Peak (kW) 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0
Cooling tower for Cent. Chillers
Make Up Water (kL) 4,908.2 4,312.3 4,425.9 3,206.6 1,979.6 967.6 706.2 907.2 1,565.4 2,576.5 3,738.4 4,606.3 33,900.3
Peak (KL/Hr) 8.8 8.7 8.4 7.7 5.7 4.2 3.6 4.1 5.3 6.8 8.3 8.6 8.8
Cnst vol chill water pump (Misc Accessory Equipment)
Electric (kwWh) 29,760.0 26,880.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 350,400.0
Peak (kW) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Cnst vol cnd water pump - Low Eff (Misc Accessory Equipment)
Electric (kWh) 14,880.0 13,440.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 175,200.0
Peak (kW) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Water-cooled chiller - 002 [Clg Nominal Capacity/F.L.Rate=1,800 kW / 428.6 kW] (Cooling Equipment)
Electric (kWh) 6,309.3 11,367.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17,677.1
Peak (kW) 224.4 225.0 203.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 207.2 225.0

Project Name:
Dataset Name:

Final Year Project

Final Year Project4.trc
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MONTHLY ENERGY CONSUMPTION

By University of Southern Queensland

Monthly Energy Consumption

Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 2 295 Ann Street - VAV (floor AHU)
Electric
On-Pk Cons. (kKWh) 830,842 753,974 789,045 688,491 637,509 573,968 577,418 587,896 600,316 681,207 720,324 796,645 8,237,635
On-Pk Demand (kW) 1,452 1,490 1,427 1,316 1,074 944 910 956 1,039 1,157 1,340 1,401 1,490
Gas
On-Pk Cons. (kKWh) 0 0 0 0 0 139 844 362 0 0 0 0 1,344
On-Pk Demand (kW) 0 0 0 0 0 1 6 3 0 0 0 0 6
Water
Cons. (kL) 5,492 4,991 4,925 3,694 2,416 1,321 1,006 1,237 1,933 3,113 4,203 5,063 39,393
Energy Consumption Environmental Impact Analysis
Building 1,543 MJ/(m2-year) CcO2 No Data Available
Source 4,628 MJ/(m2-year) SO2 No Data Available
NOX No Data Available
Floor Area 19,229 m2

Final Year Project
Final Year Project2.trc

Project Name:
Dataset Name:
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EQUIPMENT ENERGY CONSUMPTION

By University of Southern Queensland

Alternative: 2 295 Ann Street - VAV (floor AHU)

------- Monthly Consumption

Equipment - Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Lights
Electric (kWh) 214,596.9  193,829.4  214,596.9 207,674.4 214596.9 207,674.4 214,596.9 214,596.9 207,674.4  214,596.9  207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Misc. Ld
Electric (kWh) 214,596.9  193,829.4  214,596.9 207,674.4 214,596.9 207,674.4 214,596.9 214,596.9 207,674.4  214,596.9  207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Cooling Coil Condensate
Recoverable Water (kL) 672.6 608.0 588.2 399.2 212.5 72.6 33.6 39.5 119.2 320.1 465.7 610.9 4,151.1
Peak (kL/Hr) 1.0 1.0 0.9 0.7 0.4 0.2 0.1 0.1 0.2 0.6 0.7 0.9 1.0
Cpl 1: Cooling plant - 001 [Sum of dsn coil capacities=2,719 kW]
Water-cooled chiller - 001 [Clg Nominal Capacity/F.L.Rate=2,110 kW / 405.8 kW] (Cooling Equipment)
Electric (kWh) 188,385.0  170,117.7  169,904.9  132,381.3 78,342.5 43,091.5 32,502.9 39,514.4 62,155.6 107,029.9  151,208.9  177,855.2 1,352,489.8
Peak (kW) 382.2 373.1 370.0 343.4 239.6 155.0 130.3 154.7 210.5 298.8 352.0 375.6 382.2
Cooling tower for Cent. Chillers [Design Heat Rejection/F.L.Rate=2,515 kW / 47.22 kW]
Electric (kWh) 35,135.2 31,735.0 35,135.2 34,001.8 35,135.2 31,401.8 29,979.9 30,728.8 33,631.9 35,135.2 34,001.8 35,135.2 401,156.8
Peak (kW) 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2
Cooling tower for Cent. Chillers
Make Up Water (kL) 4,706.0 4,261.2 4,413.1 3,693.9 2,415.6 1,320.7 1,006.0 1,237.1 1,932.8 3,112.8 4,086.3 4,556.8 36,742.3
Peak (kL/Hr) 8.6 8.5 8.5 8.4 6.8 4.9 4.3 5.1 6.3 7.8 8.4 8.5 8.6
Cnst vol chill water pump (Misc Accessory Equipment)
Electric (kWh) 29,760.0 26,880.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 350,400.0
Peak (kW) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Cnst vol cnd water pump - Low Eff (Misc Accessory Equipment)
Electric (kWh) 14,880.0 13,440.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 175,200.0
Peak (kW) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Water-cooled chiller - 002 [Clg Nominal Capacity/F.L.Rate=1,800 kW / 346.2 kW] (Cooling Equipment)
Electric (kwh) 32,101.9 29,677.9 20,213.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4,420.8 20,257.6 106,671.7
Peak (kW) 204.9 208.9 190.7 153.6 0.0 0.0 0.0 0.0 0.0 0.0 163.9 189.6 208.9
Project Name: Final Year Project TRACE® 700 v6.2.6.5 calculated at 10:51 AM on 07/22/2011
Dataset Name: Final Year Project2.trc Alternative - 2  Equipment Energy Consumption report page 1 of 17
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MONTHLY ENERGY CONSUMPTION

By University of Southern Queensland

------- Monthly Energy Consumption = -------

Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 4 reference building - VAV floor AHU
Electric
On-Pk Cons. (kWh) 727,550 659,401 680,926 589,338 538,559 473,175 474,799 484,588 504,589 585,240 622,165 693,227 7,033,557
On-Pk Demand (kW) 1,306 1,320 1,254 1,053 901 802 767 798 874 994 1,112 1,259 1,320
Gas
On-Pk Cons. (kWh) 0 0 0 0 0 0 42 16 0 0 0 0 58
On-Pk Demand (kW) 0 0 0 0 0 0 0 0 0 0 0 0 0
Water
Cons. (kL) 5,059 4,562 4,444 3,232 2,009 1,010 743 944 1,596 2,618 3,760 4,626 34,603
Energy Consumption Environmental Impact Analysis
Building 1,317 MJ/(m2-year) CcO2 No Data Available
Source 3,952 MJ/(m2-year) SO2 No Data Available
NOX No Data Available
Floor Area 19,229 m2

TRACE® 700 v6.2.6.5 calculated at 08:37 AM on 08/15/2011

Project Name: Final Year Project
Alternative - 4  Monthly Energy Consumption report Page 1 of 1

Dataset Name: Final Year Project6.trc
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EQUIPMENT ENERGY CONSUMPTION

By University of Southern Queensland

Alternative: 4  reference building - VAV floor AHU

------- Monthly Consumption

Equipment - Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Lights
Electric (kWh) 128,758.0  116,297.7  128,758.1  124,604.7  128,758.2  124,604.7  128,758.0  128,758.1  124,604.7  128,758.2  124,604.7  128,758.0 1,516,023.1
Peak (kW) 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1
Misc. Ld
Electric (kWh) 214,596.9  193,829.4  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9 2,526,705.3
Peak (KW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Cooling Coil Condensate
Recoverable Water (kL) 739.8 667.9 643.7 442.9 246.7 92.0 52.0 61.8 152.2 343.2 516.9 671.0 4,629.9
Peak (KL/Hr) 1.1 1.2 1.0 0.8 0.5 0.3 0.2 0.2 0.3 0.7 0.9 1.0 1.2
Cpl 1: Cooling plant - 001 [Sum of dsn coil capacities=2,353 kW]
Water-cooled chiller - 001 [Clg Nominal Capacity/F.L.Rate=2,110 kW / 502.4 kW] (Cooling Equipment)
Electric (kWh) 237,561.8  207,332.3  205,346.9  137,293.2 81,349.0 41,217.4 30,372.9 37,655.7 64,089.8 110,544.9  165,104.1  216,475.0 1,534,343.0
Peak (kW) 464.7 461.5 473.2 362.3 239.1 160.8 132.2 152.3 211.3 297.4 411.1 474.3 474.3
Cooling tower for Cent. Chillers [Design Heat Rejection/F.L.Rate=2,612 kW / 49.04 kW]
Electric (kWh) 36,484.5 32,953.7 36,484.4 35,307.6 36,484.5 32,342.6 30,754.5 31,567.3 34,621.9 36,484.5 35,307.5 36,484.5 415,277.5
Peak (kW) 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0
Cooling tower for Cent. Chillers
Make Up Water (kL) 4,930.9 4,330.7 4,443.9 3,231.6 2,009.3 1,009.8 743.0 944.4 1,596.2 2,617.6 3,760.1 4,626.4 34,243.6
Peak (KL/Hr) 8.8 8.7 8.9 7.7 5.8 43 3.7 4.2 5.3 6.9 8.3 8.9 8.9
Cnst vol chill water pump (Misc Accessory Equipment)
Electric (kWh) 29,760.0 26,880.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 350,400.0
Peak (kW) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Cnst vol cnd water pump - Low Eff (Misc Accessory Equipment)
Electric (kWh) 14,880.0 13,440.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 175,200.0
Peak (kW) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Water-cooled chiller - 002 [Clg Nominal Capacity/F.L.Rate=1,800 kW / 428.6 kW] (Cooling Equipment)
Electric (kWh) 6,291.9 11,333.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17,625.6
Peak (kW) 223.6 224.3 202.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 206.6 224.3
Project Name: Final Year Project TRACE® 700 v6.2.6.5 calculated at 08:37 AM on 08/15/2011
Dataset Name: Final Year Project6.trc Alternative - 4 Equipment Energy Consumption report page 1 of 6
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MONTHLY ENERGY CONSUMPTION

By University of Southern Queensland

------- Monthly Energy Consumption = -------

Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 3 295 Ann Street - Active Chilled Beams
Electric
On-Pk Cons. (kWh) 829,368 750,740 796,045 716,660 678,089 622,909 633,873 638,472 638,803 708,422 736,225 804,161 8,553,768
On-Pk Demand (kW) 1,320 1,326 1,292 1,220 1,031 957 928 953 1,004 1,088 1,241 1,291 1,326
Gas
On-Pk Cons. (kWh) 696 156 2,410 15,832 19,082 24,629 46,696 29,934 2,426 22,987 5,178 3,126 173,152
On-Pk Demand (kW) 10 1 29 105 190 149 223 164 55 159 53 31 223
Water
Cons. (kL) 5,449 4,940 4,947 3,866 2,631 1,560 1,274 1,493 2,144 3,273 4,300 5,080 40,957
Energy Consumption Environmental Impact Analysis
Building 1,634 MJ/(m2-year) CcO2 No Data Available
Source 4,840 MJ/(m2-year) SO2 No Data Available
NOX No Data Available
Floor Area 19,229 m2

TRACE® 700 v6.2.6.5 calculated at 09:32 PM on 09/08/2011

Project Name: Final Year Project
Alternative - 3 Monthly Energy Consumption report Page 3 of 4

Dataset Name: Final Year Project.trc
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EQUIPMENT ENERGY CONSUMPTION

By University of Southern Queensland

Alternative: 3 295 Ann Street - Active Chilled Beams

------- Monthly Consumption

Equipment - Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Lights
Electric (kWh) 214,596.9  193,829.4  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Misc. Ld
Electric (kwWh) 214,596.9  193,829.4  214,596.9 207,674.4  214,596.9 207,674.4  214,596.9  214,596.9  207,674.4 214,596.9 207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Cooling Coil Condensate
Recoverable Water (kL) 689.3 622.3 621.2 460.9 280.1 136.6 92.0 101.3 194.2 371.1 517.3 642.2 4,728.4
Peak (kL/Hr) 1.0 1.0 0.9 0.7 0.5 0.3 0.2 0.2 0.4 0.6 0.8 0.9 1.0
Cpl 1: Cooling plant - 001 [Sum of dsn coil capacities=2,980 kW]
Water-cooled chiller - 001 [Clg Nominal Capacity/F.L.Rate=2,110 kW / 405.8 kW] (Cooling Equipment)
Electric (kWh) 192,748.0  168,661.9  176,264.6  137,955.1 84,135.2 49,001.7 41,138.1 47,340.0 66,848.8 111,018.6  159,686.8  184,017.3 1,418,816.0
Peak (kW) 367.3 380.8 370.3 352.2 239.7 166.4 137.3 161.5 213.2 294.1 352.3 362.5 380.8
Cooling tower for Cent. Chillers [Design Heat Rejection/F.L.Rate=2,515 kW / 47.22 kW]
Electric (kWh) 35,135.2 31,735.0 35,135.2 34,001.8 35,135.2 31,865.6 30,276.8 31,030.6 33,951.1 35,135.2 34,001.8 35,135.2 402,538.6
Peak (kW) 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2
Cooling tower for Cent. Chillers
Make Up Water (kL) 4,806.2 4,236.6 4,566.4 3,865.5 2,630.8 1,560.0 1,274.0 1,492.9 2,144.0 3,273.0 4,300.3 4,705.1 38,854.8
Peak (kL/Hr) 8.4 8.5 8.5 8.4 6.8 5.3 4.5 5.3 6.4 7.8 8.4 8.4 8.5
Cnst vol chill water pump (Misc Accessory Equipment)
Electric (kWh) 29,760.0 26,880.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 350,400.0
Peak (kW) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Cnst vol cnd water pump - Low Eff (Misc Accessory Equipment)
Electric (kWh) 14,880.0 13,440.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 175,200.0
Peak (kW) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Water-cooled chiller - 002 [Clg Nominal Capacity/F.L.Rate=1,800 kW / 346.2 kW] (Cooling Equipment)
Electric (kWh) 26,341.0 28,639.4 15,066.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15,072.7 85,120.0
Peak (kW) 195.7 198.7 183.2 149.7 0.0 0.0 0.0 0.0 0.0 0.0 159.4 182.4 198.7
Project Name: Final Year Project TRACE® 700 v6.2.6.5 calculated at 09:32 PM on 09/08/2011
Dataset Name: Final Year Project.trc Alternative - 3  Equipment Energy Consumption report page 10 of 19
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MONTHLY ENERGY CONSUMPTION

By University of Southern Queensland

——————— Monthly Energy Consumption = -------

Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 4 reference build acb
Electric
On-Pk Cons. (KWh) 735,366 662,617 700,129 621,046 572,499 515,937 522,258 528,544 537,806 604,814 646,418 710,942 7,358,374
On-Pk Demand (kW) 1,223 1,224 1,119 1,007 897 819 790 813 872 952 1,046 1,132 1,224
Gas
On-Pk Cons. (kWh) 1,060 184 1,898 11,782 3,083 4,790 18,340 9,082 0 12,746 3,329 2,654 68,946
On-Pk Demand (kW) 13 3 19 81 98 49 113 80 0 102 44 24 113
Water
Cons. (kL) 4,982 4,492 4,438 3,283 1,943 944 691 885 1,546 2,501 3,791 4,605 34,101
Energy Consumption Environmental Impact Analysis
Building 1,391 MJ/(m2-year) CcO2 No Data Available
Source 4,148 MJ/(m2-year) SO2 No Data Available
NOX No Data Available
Floor Area 19,229 m2
Project Name: Final Year Project TRACE® 700 v6.2.6.5 calculated at 10:10 PM on 08/14/2011

Dataset Name: Final year project5.trc Alternative - 4  Monthly Energy Consumption report Page 1 of 1
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EQUIPMENT ENERGY CONSUMPTION

By University of Southern Queensland

Alternative: 4  reference build acb

Monthly Consumption

Equipment - Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Lights
Electric (kwh) 128,758.0  116,297.7 128,758.1  124,604.7 128,758.2  124,604.7  128,758.0  128,758.1  124,604.7 128,758.2  124,604.7  128,758.0 1,516,023.1
Peak (kW) 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1
Misc. Ld
Electric (kwh) 214,596.9  193,829.4  214,596.9 207,674.4 214,596.9 207,674.4  214,596.9 214,596.9 207,674.4 214,596.9 207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Cooling Coil Condensate
Recoverable Water (kL) 726.7 655.4 650.5 463.3 229.8 81.6 46.2 56.3 146.0 306.5 533.6 672.8 4,568.7
Peak (KL/Hr) 1.0 1.0 0.9 0.7 0.5 0.3 0.2 0.2 0.4 0.6 0.8 1.0 1.0
Cpl 1: Cooling plant - 001 [Sum of dsn coil capacities=2,781 kW]
Water-cooled chiller - 001 [Clg Nominal Capacity/F.L.Rate=2,110 kW / 502.4 kW] (Cooling Equipment)
Electric (kWh) 239,340.2  215,747.1  204,103.1  139,166.5 79,665.7 39,037.3 28,801.3 35,549.4 62,796.1 106,785.6  166,043.0  214,277.6 1,531,312.6
Peak (kW) 467.4 472.1 458.3 346.6 236.2 158.3 129.6 151.9 211.2 291.0 384.7 471.3 472.1
Cooling tower for Cent. Chillers [Design Heat Rejection/F.L.Rate=2,612 kW / 49.04 kW]
Electric (kWh) 36,484.5 32,953.7 36,484.4 35,307.6 36,484.5 32,305.5 30,722.9 31,537.0 34,617.6 36,484.5 35,307.5 36,484.5 415,174.1
Peak (kW) 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0
Cooling tower for Cent. Chillers
Make Up Water (kL) 4,981.7 4,492.5 4,437.9 3,283.0 1,942.7 943.9 691.4 885.2 1,546.4 2,501.1 3,791.2 4,604.5 34,101.4
Peak (KL/Hr) 8.7 8.8 8.7 7.5 5.7 4.2 3.6 41 5.3 6.7 7.9 8.8 8.8
Cnst vol chill water pump (Misc Accessory Equipment)
Electric (kwh) 29,760.0 26,880.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 350,400.0
Peak (kW) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Cnst vol cnd water pump - Low Eff (Misc Accessory Equipment)
Electric (kwh) 14,880.0 13,440.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 175,200.0
Peak (kW) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Water-cooled chiller - 002 [Clg Nominal Capacity/F.L.Rate=1,800 kW / 428.6 kW] (Cooling Equipment)
Peak (kW) 212.2 212.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 212.4
Cooling tower for Cent. Chillers [Design Heat Rejection/F.L.Rate=2,228 kW / 41.83 kW]
Peak (kW) 41.8 41.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 41.8

Project Name:
Dataset Name:

Final Year Project
Final year project5.trc

Alternative - 4
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MONTHLY ENERGY CONSUMPTION

By University of Southern Queensland

Monthly Energy Consumption

Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 3 295 Ann Street - Chilled beam floor ahu
Electric
On-Pk Cons. (kWh) 820,470 742,467 786,893 707,319 668,826 614,098 624,823 629,371 629,917 699,490 727,697 796,002 8,447,375
On-Pk Demand (kW) 1,305 1,314 1,279 1,207 1,018 945 916 940 992 1,075 1,228 1,278 1,314
Gas
On-Pk Cons. (kWh) 994 202 2,692 16,107 19,202 25,496 48,346 30,930 2,595 23,525 5,650 3,475 179,215
On-Pk Demand (kW) 13 2 32 107 196 153 229 166 57 162 56 32 229
Water
Cons. (kL) 5,431 4,925 4,930 3,851 2,614 1,546 1,263 1,480 2,129 3,257 4,285 5,064 40,773
Energy Consumption Environmental Impact Analysis
Building 1,615 MJ/(m2-year) CcO2 No Data Available
Source 4,781 MJ/(m2-year) SO2 No Data Available
NOX No Data Available
Floor Area 19,229 m2

Final Year Project
Final Year Project2.trc

Project Name:
Dataset Name:
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EQUIPMENT ENERGY CONSUMPTION

By University of Southern Queensland

Alternative: 3 295 Ann Street - Chilled beam floor ahu

------- Monthly Consumption

Equipment - Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Lights
Electric (kWh)  214,596.9  193,829.4  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Misc. Ld
Electric (kWh)  214,596.9  193,829.4  214,596.9  207,674.4  214,596.9  207,674.4 214,596.9 214,596.9 207,674.4 214,596.9  207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Cooling Coil Condensate
Recoverable Water (kL) 688.9 622.4 621.2 461.1 279.7 136.1 91.7 101.0 193.9 371.1 517.2 642.4 4,726.6
Peak (KL/Hr) 1.0 1.0 0.9 0.7 0.5 0.3 0.2 0.2 0.4 0.6 0.8 0.9 1.0
Cpl 1: Cooling plant - 001 [Sum of dsh coil capacities=2,977 kW]
Water-cooled chiller - 001 [Clg Nominal Capacity/F.L.Rate=2,110 kW / 405.8 kW] (Cooling Equipment)
Electric (kWh) 191,950.0  168,035.8  175,540.5  137,364.5 83,632.9 48,695.1 40,866.1 47,014.7 66,443.2 110,483.8  159,004.8  183,340.0 1,412,371.4
Peak (kW) 365.6 378.9 368.5 350.5 238.6 165.6 136.3 160.8 212.3 292.7 352.3 374.7 378.9
Cooling tower for Cent. Chillers [Design Heat Rejection/F.L.Rate=2,515 kW / 47.22 kW]
Electric (kWh) 35,135.2 31,735.0 35,135.2 34,001.8 35,135.2 31,839.1 30,260.7 31,015.1 33,947.7 35,135.2 34,001.8 35,135.2 402,477.1
Peak (kW) 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2 47.2
Cooling tower for Cent. Chillers
Make Up Water (kL) 4,789.4 4,222.7 4,550.4 3,850.7 2,613.8 1,546.1 1,262.7 1,480.3 2,128.7 3,257.1 4,284.6 4,690.2 38,676.6
Peak (KL/Hr) 8.4 8.5 8.5 8.4 6.8 5.2 4.5 5.2 6.4 7.7 8.4 8.6 8.6
Cnst vol chill water pump (Misc Accessory Equipment)
Electric (kWh) 29,760.0 26,880.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 350,400.0
Peak (kW) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Cnst vol cnd water pump - Low Eff (Misc Accessory Equipment)
Electric (kWh) 14,880.0 13,440.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 175,200.0
Peak (kW) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Water-cooled chiller - 002 [Clg Nominal Capacity/F.L.Rate=1,800 kW / 346.2 kW] (Cooling Equipment)
Electric (kWh) 26,273.2 28,569.9 15,029.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15,034.8 84,907.1
Peak (kW) 194.8 198.9 182.8 149.3 0.0 0.0 0.0 0.0 0.0 0.0 158.9 182.0 198.9
Project Name: Final Year Project TRACE® 700 v6.2.6.5 calculated at 10:51 AM on 07/22/2011
Dataset Name: Final Year Project2.trc Alternative - 3 Equipment Energy Consumption report page 7 of 17
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MONTHLY ENERGY CONSUMPTION

By University of Southern Queensland

------- Monthly Energy Consumption  -------

Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 4 reference building - ACB floor AHU
Electric
On-Pk Cons. (kWh) 727,844 656,334 693,233 613,828 565,245 509,000 515,118 521,371 530,770 597,501 640,099 704,535 7,274,878
On-Pk Demand (kW) 1,213 1,214 1,108 997 887 809 780 803 862 942 1,035 1,118 1,214
Gas
On-Pk Cons. (kWh) 1,211 138 1,935 11,633 3,080 4,916 18,740 9,262 0 13,033 3,809 2,743 70,502
On-Pk Demand (kW) 14 1 20 81 98 50 114 80 0 106 45 25 114
Water
Cons. (kL) 4,971 4,482 4,426 3,271 1,932 936 684 877 1,537 2,491 3,780 4,593 33,980
Energy Consumption Environmental Impact Analysis
Building 1,375 MJ/(m2-year) CcO2 No Data Available
Source 4,101 MJ/(m2-year) SO2 No Data Available
NOX No Data Available
Floor Area 19,229 m2
Project Name: Final Year Project TRACE® 700 v6.2.6.5 calculated at 09:19 AM on 08/15/2011

Dataset Name: Final Year Project7.trc Alternative - 4 Monthly Energy Consumption report Page 1 of 1
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EOQUIPMENT ENERGY CONSUMPTION

By University of Southern Queensland

Alternative: 4  reference building - ACB floor AHU

Monthly Consumption

Equipment - Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Lights
Electric (kwh) 128,758.0  116,297.7  128,758.1  124,604.7  128,758.2  124,604.7  128,758.0  128,758.1  124,604.7  128,758.2  124,604.7  128,758.0 1,516,023.1
Peak (kW) 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1 173.1
Misc. Ld
Electric (kWh)  214,596.9  193,829.4  214,596.9  207,674.4 214,596.9 207,674.4 214,596.9 214,596.9 207,674.4 214,596.9 207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Cooling Coil Condensate
Recoverable Water (kL) 726.8 655.3 650.1 462.4 228.7 81.1 45.9 55.9 145.2 305.6 533.4 672.7 4,563.3
Peak (kL/Hr) 1.0 1.0 0.9 0.7 0.5 0.3 0.2 0.2 0.4 0.6 0.8 1.0 1.0
Cpl 1: Cooling plant - 001 [Sum of dsn coil capacities=2,780 kW]
Water-cooled chiller - 001 [Clg Nominal Capacity/F.L.Rate=2,110 kW / 502.4 kW] (Cooling Equipment)
Electric (kWh)  238,749.1  215,147.1  203,498.6  138,655.8 79,342.3 38,812.4 28,598.6 35,315.5 62,466.8 106,414.3  165,544.6  213,689.2 1,526,234.4
Peak (kW) 467.9 471.3 456.8 345.6 235.6 157.6 129.0 151.2 210.5 290.2 383.5 466.6 471.3
Cooling tower for Cent. Chillers [Design Heat Rejection/F.L.Rate=2,612 kW / 49.04 kW]
Electric (kWh) 36,484.5 32,953.7 36,484.4 35,307.6 36,484.5 32,300.9 30,715.6 31,528.6 34,617.6 36,484.5 35,307.5 36,484.5 415,153.9
Peak (kW) 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0 49.0
Cooling tower for Cent. Chillers
Make Up Water (kL) 4,970.7 4,481.6 4,425.7 3,270.9 1,932.2 936.1 683.7 877.3 1,637.2 2,491.0 3,780.2 4,593.0 33,979.6
Peak (KL/Hr) 8.7 8.8 8.7 7.4 5.7 4.2 3.6 4.1 5.3 6.7 7.9 8.8 8.8
Cnst vol chill water pump (Misc Accessory Equipment)
Electric (kWh) 29,760.0 26,880.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 29,760.0 28,800.0 29,760.0 28,800.0 29,760.0 350,400.0
Peak (kW) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Cnst vol cnd water pump - Low Eff (Misc Accessory Equipment)
Electric (kwWh) 14,880.0 13,440.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 14,880.0 14,400.0 14,880.0 14,400.0 14,880.0 175,200.0
Peak (kW) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Water-cooled chiller - 002 [Clg Nominal Capacity/F.L.Rate=1,800 kW / 428.6 kW] (Cooling Equipment)
Peak (kW) 211.4 212.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 212.0
Cooling tower for Cent. Chillers [Design Heat Rejection/F.L.Rate=2,228 kW / 41.83 kW]
Peak (kW) 41.8 41.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 41.8

Final Year Project
Final Year Project7.trc

Project Name:
Dataset Name:

Alternative - 4
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MONTHLY ENERGY CONSUMPTION

By University of Southern Queensland

Monthly Energy Consumption

Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 4 295 Ann Street - Trigeneration
Electric
On-Pk Cons. (kWh) 446,447 406,057 415,105 351,769 318,999 271,731 242,258 256,942 289,249 342,496 371,524 422,452 4,135,028
On-Pk Demand (kW) 954 998 873 744 597 512 480 494 549 649 754 825 998
Gas
On-Pk Cons. (kwh) 1,279,765 1,153,517 1,282,933 1,261,267 1,363,536 1,385,605 1,459,495 1,429,495 1,322,075 1,319,965 1,247,837 1,284,958 15,790,446
On-Pk Demand (kW) 1,753 1,734 1,775 1,887 2,037 2,151 2,188 2,169 2,083 1,976 1,813 1,779 2,188
Water
Cons. (kL) 7,094 6,413 6,537 5,366 4,380 3,354 3,076 3,283 3,827 4,963 5,795 6,689 60,778
Energy Consumption Environmental Impact Analysis
Building 3,731 MJ/(m2-year) CcO2 No Data Available
Source 5,436 MJ/(m2-year) SO2 No Data Available
NOX No Data Available
Floor Area 19,229 m2

Final Year Project
Final Year Project.trc

Project Name:
Dataset Name:
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EQUIPMENT ENERGY CONSUMPTION

By University of Southern Queensland

Alternative: 4 295 Ann Street - Trigeneration

——————— Monthly Consumption = -------

Equipment - Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Lights
Electric (kWh)  214,596.9  193,829.4  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Misc. Ld
Electric (kWh)  214,596.9  193,829.4  214,596.9  207,674.4  214,596.9  207,674.4 214,596.9 214,596.9  207,674.4  214,596.9  207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Cooling Coil Condensate
Recoverable Water (kL) 666.3 599.7 582.6 401.7 224.1 87.4 46.0 49.3 129.3 347.2 464.7 607.3 4,205.5
Peak (KL/Hr) 1.0 1.0 0.9 0.6 0.4 0.2 0.1 0.1 0.2 0.6 0.7 0.9 1.0
Cgn 1: Cogeneration Plant
Cgn 1: Caterpillar gas 500 kW (Cogen Equipment)
Gas (kwWh)  1,275,241.8 1,151,831.3 1,275,241.8 1,234,104.9 1,275,241.8 1,234,104.9 1,275,241.8 1,275,241.8 1,234,104.9 1,275,241.8 1,234,104.9 1,275,241.8  15,014,943.0
Peak (kW) 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0
Cgn 1: Caterpillar gas 500 kW (Misc Accessory Equipment)
Electric (kWh) 744.0 672.0 744.0 720.0 744.0 720.0 744.0 744.0 720.0 744.0 720.0 744.0 8,760.0
Peak (kW) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Cgn 1: Caterpillar gas 500 kwW (Misc Accessory Equipment)
Make Up Water (kL) 685.1 613.6 669.3 632.3 626.8 589.4 602.0 615.5 617.6 651.8 643.4 674.9 7,621.8
Peak (KL/Hr) 1.2 1.2 1.2 1.2 1.2 1.1 1.1 1.2 1.2 1.2 1.2 1.2 1.2
Cpl 1: Cooling plant - 001 [Sum of dsh coil capacities=2,778 kW]
Water-cooled chiller - 001 [Clg Nominal Capacity/F.L.Rate=500.0 kW / 406.5 kW] (Cooling Equipment)
Steam (kwh)  298,198.9  269,112.5  294,724.0  278,407.1  278,120.9  260,350.1  248,067.7  256,757.3  264,767.4  283,051.8  281,242.7  295,761.0 3,308,561.5
Peak (kW) 409.2 408.8 405.4 396.8 385.3 375.1 370.4 372.1 380.6 391.3 400.3 406.7 409.2
Cooling Tower for 2-stage Abs. [Design Heat Rejection/F.L.Rate=906.5 kW / 14.44 kW]
Electric (kWh) 10,742.0 9,702.5 10,742.0 10,395.5 10,742.0 10,395.5 10,593.1 10,723.0 10,395.5 10,742.0 10,395.5 10,742.0 126,310.7
Peak (kW) 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4
Cooling Tower for 2-stage Abs.
Make Up Water (kL) 2,308.7 2,084.5 2,296.8 2,199.2 2,239.6 2,136.2 2,067.1 2,127.4 2,152.2 2,256.6 2,209.0 2,300.3 26,377.6
Peak (KL/Hr) 3.1 3.1 3.1 3.1 3.1 3.0 3.0 3.0 3.0 3.1 3.1 3.1 3.1
Project Name: Final Year Project TRACE® 700 v6.2.6.5 calculated at 09:32 PM on 09/08/2011

Dataset Name: Final Year Project.trc Alternative - 4
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MONTHLY ENERGY CONSUMPTION

By University of Southern Queensland

Monthly Energy Consumption

Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 2 295 Ann Street - Trigeneration VAV Floor
Electric
On-Pk Cons. (kWh) 420,323 384,141 387,841 319,771 249,617 182,112 169,654 179,139 210,148 298,055 343,925 393,762 3,538,487
On-Pk Demand (kW) 923 962 827 699 554 436 406 449 526 620 723 794 962
Gas
On-Pk Cons. (kWh) 1,275,242 1,151,831 1,275,242 1,234,105 1,275,242 1,234,244 1,276,086 1,275,603 1,234,105 1,275,242 1,234,105 1,275,242 15,016,288
On-Pk Demand (kW) 1,714 1,714 1,714 1,714 1,714 1,715 1,720 1,717 1,714 1,714 1,714 1,714 1,720
Water
Cons. (kL) 6,994 6,345 6,409 5,118 3,812 2,460 2,162 2,410 3,197 4,563 5,632 6,551 55,653
Energy Consumption Environmental Impact Analysis
Building 3,474 MJ/(m2-year) CcO2 No Data Available
Source 4,948 MJ/(m2-year) SO2 No Data Available
NOX No Data Available
Floor Area 19,229 m2

Final Year Project
Final Year Project3.trc

Project Name:
Dataset Name:

TRACE® 700 v6.2.6.5 calculated at 12:40 PM on 07/22/2011

Alternative - 2
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EQUIPMENT ENERGY CONSUMPTION

By University of Southern Queensland

Alternative: 2 295 Ann Street - Trigeneration VAV Floor

——————— Monthly Consumption = -------

Equipment - Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Lights
Electric (kWh) 214,596.9  193,829.4 214,596.9 207,674.4 214,596.9 207,674.4 214,596.9 214,596.9 207,674.4 214,596.9 207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Misc. Ld
Electric (kwh) 214,596.9  193,829.4  214,596.9 207,674.4 214,596.9 207,674.4 214,596.9 214,596.9 207,674.4 214,596.9 207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Cooling Coil Condensate
Recoverable Water (kL) 672.6 608.0 588.2 399.2 2125 72.6 33.6 39.5 119.2 329.1 465.7 610.9 4,151.1
Peak (KL/Hr) 1.0 1.0 0.9 0.7 0.4 0.2 0.1 0.1 0.2 0.6 0.7 0.9 1.0

Cgn 1: Cogeneration Plant

Cgn 1: Caterpillar gas 500 kwW (Cogen Equipment)
Gas (kWh)  1,275,241.8 1,151,831.3 1,275,241.8 1,234,104.9 1,275,241.8 1,234,104.9 1,275,241.8 1,275,241.8 1,234,104.9 1,275,241.8 1,234,104.9 1,275,241.8  15,014,943.0

Peak (kW) 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0
Cgn 1: Caterpillar gas 500 kW (Misc Accessory Equipment)
Electric (kWh) 744.0 672.0 744.0 720.0 744.0 720.0 744.0 744.0 720.0 744.0 720.0 744.0 8,760.0
Peak (kW) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Cgn 1: Caterpillar gas 500 kW (Misc Accessory Equipment)
Make Up Water (kL) 685.1 613.6 669.3 632.3 626.8 637.0 754.7 713.6 626.5 651.8 643.4 674.9 7,928.9
Peak (kL/Hr) 1.2 1.2 1.2 1.2 1.2 1.4 1.5 1.4 1.3 1.2 1.2 1.2 1.5

Cpl 1: Cooling plant - 001 [Sum of dsn coil capacities=2,719 kW]
Water-cooled chiller - 001 [Clg Nominal Capacity/F.L.Rate=500.0 kW / 406.5 kW] (Cooling Equipment)

Steam (kwh) 298,198.9  269,112.5  294,724.0 278,407.1  264,387.2  176,436.0  140,599.4  160,789.8  222,080.3 277,958.1  281,242.7  295,761.0 2,959,697.0
Peak (kW) 409.2 408.8 405.4 396.8 385.3 375.1 370.4 372.1 380.6 391.3 400.3 406.7 409.2
Cooling Tower for 2-stage Abs. [Design Heat Rejection/F.L.Rate=906.5 kW / 14.44 kW]
Electric (kWh) 10,742.0 9,702.5 10,742.0 10,395.5 10,742.0 8,951.1 7,958.5 8,500.9 10,109.0 10,742.0 10,395.5 10,742.0 119,723.2
Peak (kW) 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4
Cooling Tower for 2-stage Abs.
Make Up Water (kL) 2,308.7 2,084.5 2,296.8 2,199.2 2,138.9 1,477.1 1,188.2 1,351.2 1,829.6 2,219.5 2,209.0 2,300.3 23,603.1
Peak (KL/Hr) 3.1 3.1 3.1 3.1 3.1 3.0 3.0 3.0 3.0 3.1 3.1 3.1 3.1

TRACE® 700 v6.2.6.5 calculated at 12:40 PM on 07/22/2011

Project Name: Final Year Project
Alternative - 2  Equipment Energy Consumption report page 1 of 14

Dataset Name: Final Year Project3.trc
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APPENDIX T - MODELLING OUTPUT FOR
TRIGENERATION COMBINED WITH ACTIVE
CHILLED BEAMS AND FLOOR AIR HANDLING
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MONTHLY ENERGY CONSUMPTION

By University of Southern Queensland

Monthly Energy Consumption

Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 3 295 Ann Street - Tri Chilled Beams Floor
Electric
On-Pk Cons. (kWh) 412,033 372,210 387,866 337,196 291,578 222,335 214,540 223,971 250,308 327,473 353,124 395,488 3,788,124
On-Pk Demand (kW) 697 717 667 587 499 436 411 433 478 540 607 660 717
Gas
On-Pk Cons. (kwh) 1,276,236 1,152,034 1,277,933 1,250,214 1,294,444 1,259,601 1,323,587 1,306,172 1,236,700 1,298,766 1,239,755 1,278,717 15,194,159
On-Pk Demand (kW) 1,727 1,716 1,746 1,821 1,910 1,867 1,943 1,880 1,771 1,876 1,770 1,746 1,943
Water
Cons. (kL) 6,929 6,277 6,411 5,270 4,053 2,740 2,405 2,672 3,456 4,733 5,709 6,550 57,205
Energy Consumption Environmental Impact Analysis
Building 3,555 MJ/(m2-year) CcO2 No Data Available
Source 5,123 MJ/(m2-year) SO2 No Data Available
NOX No Data Available
Floor Area 19,229 m2

Final Year Project
Final Year Project3.trc

Project Name:
Dataset Name:

TRACE® 700 v6.2.6.5 calculated at 12:40 PM on 07/22/2011

Alternative - 3
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EQUIPMENT ENERGY CONSUMPTION

By University of Southern Queensland

Alternative: 3 295 Ann Street - Tri Chilled Beams Floor

------- Monthly Consumption = -------

Equipment - Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Lights
Electric (kwh) 214,596.9  193,829.4  214,596.9  207,674.4  214,596.9 207,674.4 214,596.9 214,596.9  207,674.4 214,596.9 207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Misc. Ld
Electric (kwh) 214,596.9  193,829.4  214,596.9  207,674.4  214,596.9  207,674.4  214,596.9 214,596.9  207,674.4 214,596.9 207,674.4  214,596.9 2,526,705.3
Peak (kW) 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4 288.4
Cooling Coil Condensate
Recoverable Water (kL) 688.9 622.4 621.2 461.1 279.7 136.1 91.7 101.0 193.9 371.1 517.2 642.4 4,726.6
Peak (KL/Hr) 1.0 1.0 0.9 0.7 0.5 0.3 0.2 0.2 0.4 0.6 0.8 0.9 1.0

Cgn 1: Cogeneration Plant

Cgn 1: Caterpillar gas 500 kwW (Cogen Equipment)
Gas (kwh)  1,275,241.8 1,151,831.3 1,275,241.8 1,234,104.9 1,275,241.8 1,234,104.9 1,275,241.8 1,275,241.8 1,234,104.9 1,275,241.8 1,234,104.9 1,275,241.8  15,014,943.0

Peak (KW) 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0 1,714.0
Cgn 1: Caterpillar gas 500 kW (Misc Accessory Equipment)
Electric (kWh) 744.0 672.0 744.0 720.0 744.0 720.0 744.0 744.0 720.0 744.0 720.0 744.0 8,760.0
Peak (kW) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Cgn 1: Caterpillar gas 500 kW (Misc Accessory Equipment)
Make Up Water (kL) 685.1 613.6 669.3 632.3 626.8 606.6 645.4 647.0 617.6 651.8 643.4 674.9 7,713.8
Peak (KL/Hr) 1.2 1.2 1.2 1.2 1.2 1.3 1.4 1.4 1.2 1.2 1.2 1.2 1.4

Cpl 1: Cooling plant - 001 [Sum of dsn coil capacities=2,977 kW]
Water-cooled chiller - 001 [Clg Nominal Capacity/F.L.Rate=500.0 kW / 406.5 kW] (Cooling Equipment)

Steam (kWh) 298,198.9  269,112.5  294,724.0  278,407.1  277,056.3  204,159.3  174,825.8  190,714.1  243,576.1  283,051.8  281,242.7  295,761.0 3,090,829.8
Peak (kW) 409.2 408.8 405.4 396.8 385.3 375.1 370.4 372.1 380.6 391.3 400.3 406.7 409.2
Cooling Tower for 2-stage Abs. [Design Heat Rejection/F.L.Rate=906.5 kW / 14.44 kW]
Electric (kWh) 10,742.0 9,702.5 10,742.0 10,395.5 10,742.0 9,667.3 8,971.8 9,349.4 10,395.5 10,742.0 10,395.5 10,742.0 122,587.6
Peak (kW) 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4
Cooling Tower for 2-stage Abs.
Make Up Water (kL) 2,308.7 2,084.5 2,296.8 2,199.2 2,231.8 1,704.2 1,480.2 1,604.1 1,995.5 2,256.6 2,209.0 2,300.3 24,670.9
Peak (KL/Hr) 3.1 3.1 3.1 3.1 3.1 3.0 3.0 3.0 3.0 3.1 3.1 3.1 3.1
Project Name: Final Year Project TRACE® 700 v6.2.6.5 calculated at 12:40 PM on 07/22/2011

Dataset Name: Final Year Project3.trc Alternative - 3 Equipment Energy Consumption report page 8 of 14
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