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Abstract 

Energy costs for buildings have increased rapidly in recent history and it is expected that the 

rise will continue over time. Heating Ventilation and Cooling (HVAC) contributes to 

approximately 40% of a buildings total energy consumption (Department of the Environment 

and Energy 2013). Culminating with this is the increasing number of hot days being recorded 

which is further increasing our reliance on air conditioning. The need for energy efficient air 

conditioning systems is imperative to reduce energy costs and greenhouse gas emissions. 

Introducing outdoor air into a building is a requirement under Australian Standards. Outdoor 

air is typically introduced through the air conditioning system serving the building. When large 

quantities of outside air are required, this can have significant effects on the heat load of a 

building and dramatically increase the size of the air conditioning system serving the building. 

When ambient air conditions are of high temperature and high humidity, typical of tropical 

climates like North Queensland, this further exacerbates the issue. An energy recovery 

ventilator (ERV) is a device which pre-treats introduced outside air through an energy transfer 

process in which the air is cooled and dehumidified by exhaust air being removed from inside 

the building. The ERV supplies the pre-cooled air to an air conditioning unit, which reduces 

the required cooling capacity of the system, the plant size and energy costs. 

The aims of this dissertation were to analyse and compare the effectiveness of energy 

recovery ventilators for air conditioning systems in the North Queensland region from a 

performance and cost standpoint. The performance was evaluated in respect to grand total 

heat of a system (kW) and total energy consumption. The cost was assessed in terms of 

capital cost, operating cost and life cycle cost. 

A minimum BCA/NCC Section J compliant multi-purpose hall building was developed and 

used as the reference building. The methodology inherited a comparative approach where two 

air conditioning systems were modelled and designed; one with and without an energy 

recovery ventilator. A heat load simulation was undertaken on the building using the CAMEL 

software. Both air-conditioning systems were then designed and documented using industry 

design guidelines. The effectiveness was comparatively evaluated by undertaking a building 

energy analysis and cost analysis of each system. 

It was found that whilst the ERV had a significantly higher initial cost, the ERV option sees a 

27% reduction in Grand Total Heat. The ERV option reduces annual energy consumption by 

8%. The cost comparison yielded a payback period of between 6 – 7 years when implementing 

an ERV and the non-ERV option incurs an additional $369,101 cost over the 25-year life cycle 

of the systems. 
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1 Introduction 

 Background 

In 2017, the Queensland State government announced and initiated the ‘Advancing 

Queensland State Schools’ program which is a program to invest $200 million in constructing 

new and refurbishing existing school halls throughout the state (Department of Education 

2018). Corresponding to this, data revealed the costs incurred by the State Government due 

to energy usage in schools was $67.6 million in 2018, a figure which has risen $10 million in 

two years (Caldwell 2018). Figures extracted from the Queensland Government data which 

was released in 2013 reveal that numerous school’s energy usage costs are in excess of 

$300,000 annually (Queensland Government 2012). Significant rises in energy costs over the 

past 6 years have resulted in a dramatic increase in this number making it a topical issue. 

The increase in energy costs can be attributed to a number of factors. One thing is certain is 

that Australians have become heavily reliant on air-conditioning with it becoming a constant 

in day to day living. Whilst air-conditioning was once considered a privilege in many buildings 

and houses across the country, it is now considered a necessity. This could be due to 

advancements in technology making air-conditioning more affordable to purchase. Another 

contributing factor is due to the increased number of hot days, Summers and Simmons (2009) 

reported data showing the number of hot days and nights is increasing with time. These 

temperature rises result in increased energy costs for air-conditioning systems. Typically 

heating, ventilation and cooling (HVAC) accounts for approximately 40% of an entire building’s 

energy consumption (Department of the Environment and Energy 2013). From this, it is 

imperative for engineers to design energy efficient air conditioning systems which will 

significantly reduce a building’s energy costs. 

One method of energy efficient air conditioning system is utilizing a device called an energy 

recovery ventilator (ERV). Energy recovery ventilators are a relatively new technology that 

when incorporated into an air conditioning system can provide an energy efficient solution. 

Energy recovery ventilators, also known as air-to-air heat exchangers, are a device which 

provide pre-conditioned outside air to an air conditioning system through a heat exchange 

process with conditioned exhaust air drawn from the building. The supply of outside air is a 

requirement for a code compliant ventilation system and building. Conventional methods see 

outside air under ambient conditions supplied directly to a building or air conditioning system. 

When designing air-conditioning systems for multi-purpose halls, there are number of issues 

encountered. One being multi-purpose halls are typically large structures which produce large 

amounts of solar heat gain resulting in a high cooling capacity requirement. Another issue is 
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the large quantities of outside air that are required to be provided to these multi-purpose halls 

as per Australian Standards. Conditioning of these large amounts of ambient air dramatically 

increases the required cooling capacity of an air conditioning system. In tropical climates 

where ambient air, in peak load periods, are high humidity and high temperature conditions, 

cooling the outside air requires large amounts of energy. Hence why air-conditioning systems 

in North Queensland require large equipment, generally cost more for the same application 

and energy costs are higher. Utilization of an ERV is imperative for an increase in energy 

efficiency and a reduction in cost as mentioned above. 

 

 Aims & Objectives 

The aims of this dissertation are to analyse and compare the effectiveness of energy recovery 

ventilators for air conditioning systems in the North Queensland region from a performance 

and cost standpoint. 

The objectives of this study are to: 

• Review existing energy recovery ventilator technology, investigate existing 

applications where these devices have been implemented and research the relevant 

Australian Standards, Building Code of Australia and industry guidelines for design of 

air-conditioning systems. 

• Develop a Deemed To Satisfy multi-purpose hall building in accordance with the 

Building Code of Australia (BCA) in which the air-conditioning systems will be based 

upon. 

• Complete a heat load simulation of the building for an air conditioning system with and 

without an energy recovery ventilator. 

• Design and document compliant mechanical services designs for an air-conditioning 

system with and without an integrated energy recovery ventilator to serve the multi-

purpose hall. 

• Undertake an energy analysis on the building for the two system variations to 

determine the performance of the two systems. 

• Provide a cost analysis between the two system variations. 

• Analyse and interpret the results and provide outlines of the effectiveness and benefits 

of each system. 
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 Outline of Chapters 

The dissertation is presented in five distinct chapters which undertake a logical sequence in 

order to formulate and develop the dissertation to achieve the desired outcomes and 

objectives.  

Chapter 1 introduces the dissertation topic, outlines background information including how 

and why the topic was investigated, its relevance to real life application and the topic 

motivation. The chapter also includes the aims and objectives of the dissertation. 

The literature review forms the majority of the content of Chapter 2. This chapter includes 

review and collation of research regarding climate, air conditioning systems, energy recovery 

technology, previous studies of energy recovery applications and a review of the relevant 

Australian Standards and Building Code sections applicable to air conditioning and energy 

efficiency. The findings of this research were utilised throughout the dissertation and are 

highlighted in the dissertation justification section at the end of chapter 2. 

Chapter 3 outlines the design methodology of the dissertation. The chapter includes all design 

parameters and design decisions which were included in the project. The design and 

documentation of the systems were undertaken through the chapter and are presented 

throughout. Some results are revealed in this section as proceeding parts of the design 

process rely on previous data. The chapter concludes with the detailed steps undertaken for 

the energy and cost analysis.  

The results and discussion are presented in Chapter 4. The results are divided into three 

sections; heat load, energy & cost. The results are presented graphically with data 

relationships and findings discussed. The final chapter, Chapter 5, concludes and summarises 

the findings and outlines potential areas of future study. 
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2 Literature Review 

 Climate & Psychrometrics 

The psychrometric condition of air comprises of a mixture of dry air and water vapour and is 

determined by the three psychrometric properties which are barometric pressure, dry-bulb 

temperature and wet-bulb temperature (Gatley 2013a). Dry-bulb temperature is the 

measurement of temperature undertaken by a normal thermometer. It is typically referred to 

as the temperature of air when a prefix is not used. Dry-bulb temperature is considered the 

mixture of the dry air component and the water-vapour component of the air temperature. 

Undertaking sensible heat transfer, by definition, involves changing the dry-bulb temperature 

without changing the associated water vapour of the air during the process (Gatley 2013b).  

Cleveland and Morris (2009) describes the wet-bulb temperature as the temperature in which 

air will cool for the moisture content/water to be evaporated into unsaturated air. The wet-bulb 

temperature refers to the moisture content of the air, coupled with the dry-bulb temperature it 

can be used to calculate the relative humidity of air. The wet-bulb temperature is always lower 

than the dry-bulb temperature other than at the saturation point where they become equal. 

The wet-bulb temperature is determined by covering the bulb of a thermometer with a wet 

wick. 

Wang (2000) describes dry-bulb temperature, wet-bulb temperature, solar radiation, wind 

speed and wind direction as the outdoor climate parameters which affect the performance of 

air conditioning systems and space load.  

Outdoor climate parameters, referred to by Aktacir et al. (2008) as outdoor design conditions, 

are characteristic features of the climate for a particular location. This information is used for 

designing HVAC systems and if outdoor conditions are selected incorrectly in design it can 

have significant effects on the energy and comfort of a system. If inflated outdoor design 

conditions are used it can result in oversizing of system and uneconomical design where as if 

a system’s conditions are underestimated this will result in equipment and system deficiencies 

(Aktacir et al. 2008). 

Legg (2017) outlines the resultant system effects when outdoor design conditions selections 

are overestimated as: 

• oversized plant 

• increased capital cost 

• poor mechanical plant efficiency 

• excessive operating costs 
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• limited plant control. 

When strict outdoor design conditions are not used, the effects of this include undersized plant 

equipment and poor thermal conditions at peak load. 

 

2.1.1 North Queensland Climate 

The Bureau of Meteorology (2016) identifies six climate zones throughout Australia. The 

climate zones are illustrated on a map and are classified by temperature and humidity data 

collected from 1961 to 1990. The map illustrates the North Queensland (Townsville) climate 

being predominantly the ‘hot humid summer’ climate zone. 

 

Figure 2-1: Climate Zones Australia (Bureau of Meteorology 2016) 

The Townsville City Council (2018) describes Townsville’s climate as dry and tropical. High 

temperatures and high humidity are common in the Townsville wet season which creates 

uncomfortable weather conditions including daily average temperatures often ranging 

between 29 and 32°C. High atmospheric water vapour content and reradiating nocturnal 

infrared radiative losses from the surface causes a regular occurrence of daily temperature 

averages exceeding 20°C and relative humidity higher than 80% at the same time (de Dear & 

Fountain 1994). 
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2.1.2 Outdoor Air – Air Conditioning  

A typical air conditioning process comprises of outdoor air and return air from the room being 

mixed together and entering a conditioning apparatus which is then supplied to the room. The 

conditioning apparatus, also known as a cooling coil or evaporator, removes heat and moisture 

from the air stream to maintain desired room conditions. Sensible heat and latent heat are the 

thermal properties of air. In order to achieve comfort design conditions, the air conditioner 

must be of sufficient capacity to offset both sensible and latent loads in the room (AIRAH 

1998).  

The grand total heat is the total of the sensible and latent heat. Sensible heat is the heat 

energy that results in a rise or drop of the temperature of a substance when it is added to or 

removed the air without changing the state. The sensible energy load of air conditioning 

system is attributed by solar radiation, air infiltration, occupants, lighting and equipment from 

the building that is served by the system (Cleveland & Morris 2009). 

Cleveland and Morris (2009) defines latent heat as the amount of thermal energy that is 

absorbed or released by air undergoing phase change whilst under constant temperature and 

pressure conditions. The latent energy load of an air conditioning system in a building is 

affected by the moisture content in the air and is attributed to by factors including air infiltration, 

outside air introduced to the building/air conditioning system, building occupants and heat due 

to cooking and steam. 

Kang et al. (2010) reports the purpose of ventilation in buildings is for removal of heat and 

pollutants as a result of internal buildings materials and occupants and also providing clean 

outdoor air to building occupants. The main contributors to thermal loads on buildings are 

losses or gains through the building fabric and ventilation loads. 

Outdoor air ventilation is a requirement in air conditioning systems for dilution of odours, 

dilution of toxic mixtures and to offset infiltration. However, outdoor air has significant effects 

on the total cooling capacity of an air conditioning system – increases in outdoor air increases 

the grand total heat (GTH). When the dew point of the outdoor air is greater than that of the 

room conditions the grand total heat increases which requires air conditioning plant to be of a 

larger capacity. Increases in outdoor air quantities requires a larger cooling coil and reduced 

by-pass factor which increases capital and operating costs of air conditioning plant (AIRAH 

1998).  
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 Air Conditioning Systems 

Patrick et al. (2007) states that the second law of thermodynamics is the fundamental principle 

of air conditioning and refrigeration. The second law states that heat can pass only from a 

warm body to a colder body. The process of air conditioning involves heat transfer where 

warmer air becomes in contact with pipes or coils which have circulating gas or fluid inside. 

The heat is transferred from the air to the gas or fluid which results in a lower temperature in 

the air. The basic cooling methods include: 

• Evaporative cooling 

• Cold-water cooling 

• Steam-jet cooling 

• Gas compression refrigeration 

• Absorption refrigeration 

• Thermoelectric refrigeration 

Each method is suitable for different applications and locations. The most common method of 

cooling is gas compression which is in operation in many residential and commercial systems. 

(Patrick et al. 2007) 

Vedavarz et al. (2007) outlines four main components which when combined complete the 

gas compression air conditioning system. These components include: 

• Evaporator 

• Condenser 

• Compressor 

• Fan/blower 

These components complete a closed network in which a refrigerant is mechanically circulated 

throughout. The refrigerant undertakes a cycle in which it is compressed, liquefied, expanded 

and evaporated. Figure 2-2 illustrates the gas compression cycle of an air conditioning system. 
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Figure 2-2: Components of a compression refrigeration system (Patrick et al. 2007) 

Typically, the evaporator is located away from the remaining components of the system. The 

required capacity of the air conditioning system affects the design, shape and size of the 

evaporator coil. When in operation, refrigerant flows inside the evaporator coil where heat is 

transferred from the room air to the cooler fluid in the evaporator as the room air passes 

through the coil. As the evaporator absorbs heat, the refrigerant is boiled and is carried away 

as a gas or vapour (Patrick et al. 2007). 

The compressor undergoes a suction stroke which typically occurs at low operating pressures. 

The suction stroke removes the refrigerant vapour from the evaporator to ensure the 

evaporator pressure is maintained and the evaporator coil temperature is kept low. The suction 

stroke draws the refrigerant vapour into the compressor where the compression stroke 

proceeds. The compression stroke superheats the gas through vapour compression to high 

temperatures to allow heat rejection at the condenser (Patrick et al. 2007). 

The condenser coil carries superheated refrigerant vapour. The condenser fan blows lower 

temperature air over the condenser coil which cools the refrigerant vapour by absorbing the 

heat. At this point in the cycle the vapour condenses and changes phase into a warm liquid. 

The condenser coil is typically located external to the building (Patrick et al. 2007). 
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Hundy et al. (2016) identifies the numerous air conditioning system types and the choice of 

system is dependent on application and criteria. The system types include: 

• Central air handling units 

• Packaged air handling units 

• Fan coil units 

• Under floor systems 

• Static cooling devices 

• Split systems 

• Dehumidifier systems 

 

2.2.1 Packaged Air Handling Unit 

Vedavarz et al. (2007) reports in packaged air handling units all components of an air 

conditioning system are housed within a single package. Package units are manufactured in 

two distinct configurations; horizontal and vertical. A horizontal package unit configuration is 

shown in Figure 2-3. Package air handlers are typically used in light-commercial and 

commercial applications, they are manufactured with supply and return connections integral 

to the unit. The thermodynamic processes in which these units can be used for include cooling, 

heating, humidification and filtration (ASHRAE 2012e). 

 

Figure 2-3: Horizontal Configuration Packaged Air Handling Unit (ASHRAE 2012e)  
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Hundy et al. (2016) outlines the advantages of packaged air handling units include: 

• Low cost 

• Space saving 

• Heating & cooling capability 

The disadvantages of packaged air handling units include: 

• Large penetrations through building structures to accommodate this system type 

• Elevated noise levels when systems are operating 

• Limited humidity control 

The capacities of the units can range from 6kW up to 200kW systems allowing for installation 

in small shops & single offices and sizable applications such as factories and warehouses. 

 

 Air-to-Air Energy Recovery 

Air-to-air energy recovery involves the transfer of energy or heat recovery between two 

airstreams which are at different temperatures and humidity. The benefits of air-to-air energy 

recovery include acceptable indoor air quality, reduced energy costs and consumption. There 

are two types of air-to-air energy recovery devices or heat exchangers; these are heat 

recovery ventilators and energy recovery ventilators. The performance of an energy recovery 

device is called its effectiveness or efficiency. The effectiveness of a system is calculated by 

comparing the actual energy or moisture recovered with the maximum possible amount of 

energy or moisture able to be recovered. The effectiveness is dependent on the airflow 

direction and the configuration of the transferring airstreams. There are different orientations 

for exchangers, each have varying effectiveness and limitations. The three main 

configurations are (ASHRAE 2012f): 

• Parallel flow 

• Counterflow 

• Crossflow  

There are different types of energy recovery devices all which are suited to particular 

applications and design requirements. Energy recovery devices can be categorised into the 

following different types (ASHRAE 2012f): 

• Fixed plate 

• Membrane plate 

• Energy wheel 
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• Heat pipe 

• Run-around coil loop 

• Thermosiphon 

• Twin towers 

Heat recovery ventilators, otherwise known as sensible heat exchange devices, can recover 

only sensible energy usually by means exhaust air from dryers, ovens and other heat sources. 

Heat recovery ventilators are ideal in conditions where outdoor air humidity is low and when 

the space has high latent loads (ASHRAE 2012f). 

The amount of energy transferred by an energy recovery ventilator is referred to as the 

effectiveness or efficiency of the device. Energy recovery ventilators or enthalpy devices are 

used to recover both sensible (temperature) and latent (moisture) forms of energy. Latent 

energy transfer occurs when there is a difference in the pressure of the water vapour in the 

two air streams (ASHRAE 2012f). 

 

2.3.1 Energy Recovery Configurations 

2.3.1.1 Parallel Flow 

A parallel flow heat exchanger configuration is comprised of supply and exhaust airstream 

surfaces flowing in the same direction. This configuration has a maximum effectiveness of 

50% (ASHRAE 2012g). Cengel (2008) outlines the heat transfer process that results in the 

cold fluid temperature increasing and the hot fluid temperature decreasing. The cold fluid 

temperature will increase but will never exceed the hot fluid temperature. The parallel heat 

exchange configuration is illustrated in Figure 2-4. 

 

Figure 2-4: Parallel Flow Configuration (ASHRAE 2012g) 
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2.3.1.2 Counterflow 

Cengel (2008) describes the counterflow heat exchanger process as hot and cold fluids 

entering the heat exchanger device from opposite ends. In this configuration the outlet 

temperature of the hot fluid can be exceeded by the outlet temperature of the cold fluid. 

ASHRAE (2012g) reports that counterflow heat exchangers theoretical effectiveness can be 

up to 100% however typical installed applications produce an effectiveness of 75 to 80%. 

Counter-flow heat exchangers are not as common as other configurations as construction of 

the separate air-streams results in design and manufacturing issues (Rabbia & Dowse 2000). 

The counterflow heat exchanger configuration is illustrated in Figure 2-5. 

 

Figure 2-5: Counterflow Configuration (ASHRAE 2012g) 

 

2.3.1.3 Crossflow 

Rabbia and Dowse (2000) identifies crossflow heat exchanger orientation as the most 

common type of heat exchanger. Crossflow heat exchangers are orientated so that exhaust 

and supply air streams run perpendicular to each other. Crossflow exchangers theoretically 

have a lower effectiveness than counterflow, with units having an effectiveness of 50 – 70%  

(ASHRAE 2012g). Whilst crossflow heat exchangers are less effective than counterflow, 

crossflow configuration is favoured for air-to-air energy recovery due to the significant design 

and construction limitations of counterflow configurations .The crossflow heat exchanger 

configuration is illustrated in Figure 2-6. 
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Figure 2-6: Crossflow Configuration (ASHRAE 2012g) 

 

2.3.2 Energy Recovery Types 

2.3.2.1 Fixed plate 

Fixed plate energy recovery devices comprise of a heat transfer core which is made up of 

alternating layers of plates which are formed and sealed resulting in separate airpaths being 

adjacent to each other (Rabbia & Dowse 2000). Fixed plate devices achieve high sensible 

heat recovery and overall effectiveness, with no latent heat recovery. Typically, aluminium is 

the most popular material for fixed plate construction as it is not flammable and is highly 

durable. Other materials are also used. Fixed plate energy recovery devices are to be 

designed to suit a large number of sizes and performance requirements. They are made with 

no moving parts (other than fans) therefore maintenance is reduced on equipment  (ASHRAE 

2012d). 

 

2.3.2.2 Membrane plate 

A membrane plate energy recovery device employs the same system and construction as a 

fixed plate type system however the plates are made from a water vapour-permeable material. 

Membrane plate devices are able to transfer sensible and latent energy between two 

airstreams, latent energy is transferred via water-vapour diffusion. The devices are used in 

applications where sensible and latent energy are exchanged from a building’s exhaust air 

and the introduced ambient fresh air (Woods 2014). The operating process of a membrane 

energy recovery device in summer conditions is shown in Figure 2-7. 
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Figure 2-7: Summer membrane ERV process 

 

The membrane, which allows for total enthalpy energy exchange, can be constructed from 

varied water-vapour permeable materials such as (ASHRAE 2012d): 

• Treated paper 

• Cellulose 

• Polymers 

• Hydrophilic electrolytes 

• Other synthetic materials 

Woods (2014) notes that membrane plate exchangers are typically crossflow orientation due 

to ease of construction. They typically yield sensible and latent effectiveness values of 60- 

80%. The membrane component requires regular maintenance as there can be issues with 

the durability of the material.  

 

2.3.2.3 Energy wheel 

Energy wheels or rotary enthalpy wheels transfer sensible and latent energy from adjacent 

supply and exhaust air paths. The energy wheel is a revolving cylinder filled with a permeable 

material which has a large surface area. The wheels operate using a counterflow orientation 

and can also be designed to transfer sensible heat only. The process for latent heat transfer 

involves the wheel media absorbing moisture from the outside air stream and transferring it to 

the airstream of low humidity. The typical effectiveness for energy wheel system can range 

from 50-85%. The disadvantages of energy wheels are that the devices require moving parts 

which require regular maintenance and there is a possibility that supply airstreams can be 

contaminated by exhaust air transfer (ASHRAE 2012a). The energy wheel transfer process is 

shown in Figure 2-8 below. 
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Figure 2-8: Energy Recovery Wheel system (ASHRAE 2012a) 

 

2.3.2.4 Heat pipe 

Rabbia and Dowse (2000) describe heat pipe air-to-air heat exchangers as a finned coil 

system where each tube is not connected. These tubes are usually filled with a refrigerant gas 

and sealed. One half of the heat exchanger acts as an evaporator and the other acts as a 

condenser, from here the high temperature air stream passes through evaporator and low 

temperature passes through the condenser. The refrigerant is then warmed and vaporizes, 

and due to the internal vapour pressure gradient, it passes to the condenser side where it 

warms the low-temperature air stream as shown in Figure 2-9.  Heat pipes typically include 

copper tubes and aluminium fins which are connected by an internal wick. Heat pipes are 

suitable when only sensible heat transfer is required, they achieved only minimal latent 

transfer only under special conditions. 

 

Figure 2-9: Heat pipe exchanger process (Rabbia & Dowse 2000) 
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Heat pipe systems typically produce a sensible effectiveness of 45%-65%. MGE (2019) detail 

the advantages of a heat pipe exchanger system which include no moving parts in the heat 

exchange process which results in zero energy required to operate the system and minimal 

maintenance required, only periodic cleaning. Heat pipe exchangers can also be 

manufactured with protective coating to protect the coils against corrosion. NortekAir (2017) 

describe heat pipe exchanger technologies as one of the most robust solutions including in 

applications such as high temperatures. Heat pipes are extremely advantageous where 

corrosive and/or contaminated air is current and is of high risk of fouling. The disadvantages 

of heat pipe systems include the low energy transfer and the requirement for refrigerant gas 

which can have detrimental effects to the environment and inhabitants if a leak is to occur, 

depending on the refrigerant gas type.  

 

2.3.2.5 Run-around coil loop 

A run around loop exchanger system is described by Rabbia and Dowse (2000) as using 

standard finned-tube coils to transfer heat to and from an intermediate working fluid such as 

water or glycol solution. The system then requires a pump, connected to a closed loop circuit, 

to move the fluid between two coils as seen in Figure 2-10. Run-around coil loop devices 

typically produce a sensible effectiveness of 55%-65% (ASHRAE 2012a). 

 

Figure 2-10: Run-around loop system schematic (Rabbia & Dowse 2000) 
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Rabbia and Dowse (2000) report the advantages of a run around loop system include high 

suitability when airpath separation is required, highly suited to industrial applications. MGE 

(2019) cited the advantage of run-around loop exchanger systems is that the system allows 

heat transfer between process air and ventilation without these elements being physically 

located nearby each other. 

The disadvantages of a run-around loop systems range include the following (Rabbia & 

Dowse 2000): 

• Electrical power, motor controls and temperature controls are required which results in 

higher operating and capital costs. 

• Higher maintenance costs due to multiple components. 

• Inability to transfer moisture (latent heat) 

• The need for multiple fluid such as glycol and water. 

• Potential risk of overheating or overcooling of supply are due to excess heat transfer. 

 

2.3.2.6 Thermosiphon 

There are two types of thermosiphon systems, these being sealed-tube thermosiphon and 

coil-type thermosiphon systems. The components that make a complete thermosiphon system 

consist of: 

• Evaporator 

• Condenser 

• Interconnecting pipework 

• A working fluid (vapour and liquid phase) 

The working principle of a thermosiphon system is temperature differential and gravity force 

are used to circulate the working fluid between the condenser and evaporator. Thermosiphon 

systems can transfer heat in one or two directions. This system type has an approximate 

sensible effectiveness of 40 – 60% with no latent heat transfer achieved. The advantage of 

this system is there is no moving parts, so maintenance is kept to a minimum. The 

disadvantage is the effectiveness of the system is greatly dependent by overall and the 

pressure in the system (ASHRAE 2012b). 

 

2.3.2.7 Twin Towers 

A twin tower enthalpy recovery loop system comprises of two contactor towers which each 

house supply and exhaust airstreams. A sorbent solution is circulated between towers by 
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pumps which transports water vapour and heat from exhaust to supply air streams. This 

system is shown schematically in Figure 2-11. To prevent air contamination, air is passed over 

demister pads which remove the sorbent from the airstream. A twin towers system is able to 

micro-biological clean the supply and exhaust airstreams. The disadvantages of this system 

include (ASHRAE 2012c): 

• Highly intensive maintenance and adjustment required 

• Limited manufacturers & supplies of system 

• Whilst the calculated effectiveness of this system is 40-60%, the actual operating 

effectiveness is unknown. 

 

Figure 2-11: Twin Tower system schematic  (ASHRAE 2012c) 

 

 Previous Studies  

Abdel-Salam and Simonson (2014) completed simulations of a conventional air conditioning 

system with and without an ERV as part of a larger simulation project. The results revealed 

the following: 

• 20% reduction in electricity usage per year when an ERV is installed. 

• Reduction in initial cost of equipment due to a reduction in required plant size 

• 20% reduction in life cycle cost when an ERV is installed. 

Abdel-Salam and Simonson (2014) detailed significant energy savings, initial cost savings and 

life cycle cost savings from the study undertaken when ERV’s were in use. Extracted from the 

literature was the following design parameters in regard to occupancy, outside air rates and 

application: 
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• Location: China 

• Building Type: Office 

• Building Area: 511m2 

• Occupancy: 5 m2/person 

• Outside Air Rate per person: 10L/s per person 

• Total Outside air rate: 0.26m3/s 

Liu et al. (2010) outlines the effectiveness of ERV’s in 5 different Chinese climatic zones. 

These 5 areas have vastly different climates. Table 2-1 outlines the ambient climatic conditions 

(dry bulb, wet bulb and humidity) of the 5 zones in which the study was undertaken as well 

numerous cities in these zones. The report had numerous findings, which included: 

• A dramatic increase in energy savings when enthalpy efficiencies increased. In some 

months, saw a 15% increase in saved energy percentages when enthalpy was at 75%. 

• Across the 5 Chinese cities studied, all of the cities yielded an energy savings increase 

over 15% at some point. 

• An increase of 23% in energy consumption was recorded in January when no ERV 

was used. 

Table 2-1: Outdoor Temperatures of Chinese Cities  (Liu et al. 2010) 

City Outdoor Temp. 

Dry Bulb (°C) 

Outdoor Temp. 

Wet Bulb (°C) 

Humidity 

(𝒌𝒈 𝒌𝒈𝒅𝒓𝒚 𝒂𝒊𝒓⁄ ) 

Urumqi 34.1 18.5 0.0069 

Harbin 30.3 23.4 0.0153 

Beijing 33.2 26.4 0.019 

Xi’an 35.2 26 0.0175 

Shanghai 34 28.2 0.0219 

Chongqing 36.5 27.3 0.0192 

Guangzhou 33.5 27.7 0.0212 

Hong Kong 32.4 27.3 0.0209 

Kunming 25.8 19.9 0.0122 

Guiyang 30 23 0.148 

 

The study included simulations of the outdoor enthalpy in five cities in winter with the same 

indoor design enthalpy, the comparison of these are shown in Figure 2-12. 
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Figure 2-12: Indoor Design Enthalpy & Outdoor Enthalpy Five Cities (Liu et al. 2010) 

 

Results produced diverse energy savings depending on city, however it revealed a general 

pattern that the greater the difference in outdoor enthalpy and indoor design enthalpy yields 

greater energy savings as seen in Figure 2-13. 

 

Figure 2-13: Energy Saved per city (Liu et al. 2010) 

 

Pastor et al. (2010) documented the effectiveness of an energy recovery ventilator at varying 

air velocities. The study revealed firstly that counter-current formation is the optimal orientation 

for effectiveness in both latent and sensible energy transfer. The results showed when 

airspeed decreases, both latent and sensible effectiveness increase significantly in summer 
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with efficiency values in excess of 0.6. It was revealed the effectiveness was increased when 

velocities were lower. The experiment was conducted under the climatic conditions shown in 

Table 2-2. This report produced large energy savings and effectiveness at a predominantly 

low relative humidity. 

Table 2-2: Test Climate for ERV  (Pastor et al. 2010) 

 Summer Winter 

Inlet Temperature (TDB °C) 35 1.7 

Inlet Temperature (TWB °C) 26 0.6 

Relative Humidity (%) 49.34 82.02 

 

 

 Building Code of Australia/NCC 

The Council of Australian Governments developed the National Construction Code (NCC) to 

incorporate all on-site construction requirements into a single code. The NCC provides the 

minimum necessary requirements for: 

• Safety and health 

• Amenity and accessibility 

• Sustainability in design, construction, performance and liveability in new and upgraded 

existing buildings. 

The NCC provides a consistent set of technical requirements for building, plumbing and 

drainage works. It allows for variations in climate and geographic conditions. The NCC is 

comprised of three parts: Building Code of Australia (BCA) Volume 1 & 2 and the Plumbing 

Code of Australia (PCA) Volume 3. BCA volumes 1 and 2 apply to classes of buildings. 

The NCC encourages flexibility and innovation when complying with the code through a 

performance-based code. Another means to achieve code compliance is Deemed-to-Satisfy 

Provisions (ABCB 2016a). 

 

2.5.1 Section J – BCA 

The objective of Section J of the BCA is to reduce greenhouse gas emissions. The 

requirements of Section J are based on achieving an internal environment in which occupants 

find comfort sufficient and minimise the occupants’ need for artificial heating, cooling or 

lighting. The Section’s primary goal is not achieving optimal comfort (ABCB 2018). Section J 
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contains requirements for building envelope (Parts J1, J2, J3) and for buildings services (Parts 

J5, J6, J7). Each part is titled as follows (ABCB 2016a): 

• Part J1: Building Fabric 

• Part J2: Glazing 

• Part J3: Building Sealing 

• Part J4: Not defined 

• Part J5: Air Conditioning and Ventilation Systems 

• Part J6: Artificial Lighting and Power 

• Part J7: Heated Water Supply and Swimming Pool and Spa Pool Plant 

 

2.5.1.1 Part J1: Building Fabric 

The following items are requirements to achieve Section J Part 1 compliance (ABCB 2016c): 

• Roof and ceiling construction require a minimum R-value. The R-value is the thermal 

resistance rating of a material, which is describe as the ability to resist heat transfer. 

This is dependent on the climate zone, roof colour and building classification.  

• Both internal and external walls require insulating properties with a minimum R-value. 

Factors affecting this are wall colour, climate zone, building classification, wall 

materials and shading. 

 

2.5.1.2 Part J2: Glazing 

The intention of Part J2 is to reduce the air conditioning energy consumption as a result of 

glazing.  The following items are requirements to achieve Section J Part 2 compliance (ABCB 

2016c): 

• Section J2.4 requires a calculation process which compares the U-values and solar 

heat gain coefficient to a worst-case glazing performance value depending on window 

framing type and glass description. 

• The thermal performance required can be reduced by using shading. Shading devices 

must restrict a significant proportion of solar radiation. Shading can be provided by 

permanent projections such as verandas, balconies, canopies, eaves or hoods. 
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2.5.1.3 Part J3: Building Sealing 

The intention of Part J3 is to ensure air-conditioned buildings are adequately sealed for 

conservation of energy. Sealing is required for roof lights, windows, doors and exhaust fans 

(ABCB 2016c).  

 

2.5.1.4 Part J5: Air Conditioning and Ventilation Systems 

Part J5 sets minimum energy efficiency requirements for air conditioning systems, 

components and ventilation systems. Compliance with Part J5 requires control of air 

conditioners, pumps, chillers and fans to reduce energy consumption. Control over items such 

as temperatures and plant operation are required. Furthermore, energy consumption is 

reduced by compliance with insulation for ductwork, pipework & vessels (ABCB 2016c). 

 

 AS1668.2 

AS1668.2 is the Australian Standard for the use of ventilation and air in buildings. Part 2 of 

this standard is in reference to mechanical ventilation in buildings. The Standard details the 

ventilation rates required for health and ventilation amenity. The Standard eliminates the risk 

of causing adverse health effects to occupants by maintaining contaminants (including body 

odours, volatile compounds etc) below exposure levels. The Standard outlines calculation 

methods for ventilation rates which vary for building/room use, occupancy and contaminants 

(Standards Australia 2012). 

 Justification 

The review of literature undertaken demonstrates there is a significant amount of energy 

recovery technology available all with varying levels of effectiveness and outlines the suitability 

of each type of energy recovery technique when transferring sensible and latent energy. The 

literature also reveals numerous cases where the effectiveness of energy recovery ventilators 

is highly beneficial when incorporated into air conditioning systems. The literature details 

cases where energy recovery ventilators have been used in different scenarios of varying 

geographic location, climate, building use, building occupancy and outside air rates. This 

literature was able to be compared to that of the Australian Standards requirement. 

From research, there appears to be some gaps in literature pertaining to a number of criteria. 

There is no literature displaying implementation and energy savings of energy recovery 

ventilation in multi-purpose hall applications, where occupancies are significantly high. Also, 

the is a significant gap in research of the effects the North Queensland climate, particularly 
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Townsville, has on the energy efficiency and overall effect on mechanical services 

construction and operation. 

The dissertation will descend upon prior literature and pre-existing technologies to tailor a 

solution for efficient air conditioning design for multi-purpose halls in North Queensland. The 

intent is to prove the performance and cost effectiveness of energy recovery ventilators in air 

conditioning system for multi-purpose halls in North Queensland climates.  

 

 



25 | P a g e  
 

3 Design Methodology 

 Design Parameters 

In order to develop the design for the dissertation, several parameters were required to be 

established. These parameters are consistent with industry practices and are suitable design 

and construction methods. The parameters were derived and calculated from a number of 

sources including Australian Standards, the Building Code of Australia, Industry design 

guidelines & handbooks and equipment manufacturer’s recommendations. 

 

3.1.1 BCA Compliant Building 

The design of the two types of air conditioning system are based on a reference building. The 

building was designed to minimum compliance under Section J - Energy Efficiency of the 

Building Code of Australia (BCA) in order to ensure consistency across the two systems in 

comparison and align with industry standard construction and design practices. The project 

was designed using the Deemed To Satisfy provision of the BCA 2016. For the purpose of the 

dissertation, the building and the mechanical services design are compliant with the following 

parts of the BCA Section J: 

• Part 1 – Building Fabric 

• Part 2 – Glazing 

• Part 3 – Building Sealing 

It must be noted the NCC BCA 2019 had not come into effect at the time of commencement 

of this project therefore the 2016 publication was referenced.  

 

3.1.1.1 Building Classification 

A building’s classification is determined by its use. The BCA outlines the intent of building 

classification is to categorise buildings with comparable risk levels in terms of the building’s 

use, hazards and occupancy (ABCB 2016c). There are 9 classifications of buildings with some 

of these having sub classifications. Commercial buildings are classed 3 – 9 and vary upon 

definition. The reference building is a multi-purpose hall which is a Class 9b building and will 

be designed to this classification according to BCA 2016 (ABCB 2016a). 
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3.1.1.2 Building Location 

The BCA has eight climatic zones in which energy efficiency measures vary depending on 

zone. These zones, shown in Figure 3-1, are based upon the Bureau of Meteorology’s climate 

map of 6 distinct climate zones.  

 

Figure 3-1: Climate Map for Thermal Design (ABCB 2016a) 

The multi-purpose hall design will be based Townsville, North Queensland climatic zone. 

According to the BCA climate map for thermal design, Townsville lies within climate zone 1 

which can be described as high humidity summer and warm winter conditions (ABCB 2016a). 

 

3.1.1.3 Part J1 – Building Fabric 

3.1.1.3.1 Solar Absorptance 

The Building Code of Australia (BCA) classifies the colour of surfaces based on their solar 

absorptance. The solar absorptance is the inverse of solar reflectance and is expressed as a 

value between 0 and 1. A solar absorptance value of 1 indicates that 100% of the received 

solar radiation is absorbed by the surface, where a value of 0 indicates no solar radiation is 

absorbed by the surface. (Colorbond Steel 2013) 

The BCA outlines typical absorptance values for varying colours as shown in Table 3-1. 
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Table 3-1: Typical Absorptance Values (ABCB 2016a)  

Colour Value 

Slate (dark grey) 0.90 

Red, green 0.75 

Yellow, buff 0.60 

Zinc aluminium – dull 0.55 

Galvanised steel – dull 0.55 

Light grey 0.45 

Off white 0.35 

Light cream 0.30 

 

The roof structure of the multi-purpose hall is zinc aluminium type which is based on common 

industry construction practices and has a solar absorptance value of 0.55. The wall colour is 

considered a light grey and has a solar absorptance of 0.45. 

 

3.1.1.4 Roof and Ceiling 

Under BCA requirements, a roof and ceiling construction must achieve a minimum Total R-

Value depending on building classification, roof surface solar absorptance and climate zone. 

The BCA describes the Total R-Value as the sum of the R-Values of individual components in 

a building structure layer including, material, insulation, airspace and related surface 

resistances. Cengel and Ghajar (2015) describe the R-value as the overall thermal resistance 

of a structure or material and the equation is as follows: 

𝑅 =
𝐿

𝑘
 (𝑚2 ∙ ℃ 𝑊⁄ )  

 Where,  

𝐿 = 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑜𝑓 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 (𝑚) 

𝑘 = 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 (𝑊 𝑚 ∙ ℃⁄ ) 

The overall heat transfer coefficient of a material, known as the U-factor, is the inverse of the 

R-value. 

𝑈 =
1

𝑅
 (𝑊 𝑚2 ∙ ℃⁄ ) 

Table 3-2 outlines the minimum requirements for the R-value of roof and ceilings for each 

climate zone, as provided in Section J1.3 of the BCA 2016. 
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Table 3-2: Roofs and Ceilings - Minimum Total R-Value for Each Climate Zone – Table J1.3a  (ABCB 2016a)  

Climate Zone 1,2,3,4,5 6 7 8 

Direction of Heat Flow Downwards Upwards 

Minimum Total R-Value for a roof or ceiling 

with a roof upper surface solar absorptance 

value of not more than 0.4  

3.2 3.2 3.7 4.8 

Minimum Total R-Value for a roof or ceiling 

with a roof upper surface solar absorptance 

value of more than 0.4 but not more than 0.6  

3.7 3.2 3.7 4.8 

Minimum Total R-Value for a roof or ceiling 

with a roof upper surface solar absorptance 

value of more than 0.6  

4.2 3.2 3.7 4.8 

 

As the building is located in climate zone 1 and has a solar absorptance of 0.55, the required 

minimum R-value of the roof structure is 3.7. 

 

3.1.1.5 Walls 

ABCB (2016a) notes that the Deemed-to-satisfy provisions for external walls that form the 

envelope of a building in climate zone 1 must achieve a minimum total R-value of 3.3. The 

minimum R-value can be reduced by 0.5 if the solar absorptance value is less than 0.6. The 

minimum required R-value for the wall structure for the reference building is therefore 2.8. 

 

3.1.1.6 Part J2 - Glazing 

In order to achieve BCA compliance for the glazing requirements, the aggregate air 

conditioning energy value attributable to the glazing of a building must not exceed the 

allowance obtained by multiplying the energy index found in Table J2.4a of the BCA 2016 by 

the façade area exposed to air conditioned space for that orientation (ABCB 2016a). A Class 

9b building in climate zone 1 has an energy index of 0.13. The aggregate air conditioning 

energy value is calculated by adding the air conditioning energy of each glazing element by 

using the following equation: 

𝐴1[ 𝑆𝐻𝐺𝐶1 (𝐶𝐴 × 𝑆𝐻1 × 𝐶𝐵 × 𝑆𝐶1) + 𝐶𝐶 × 𝑈1] + 𝐴2[ 𝑆𝐻𝐺𝐶2 (𝐶𝐴 × 𝑆𝐻2 × 𝐶𝐵 × 𝑆𝐶2) + 𝐶𝐶 × 𝑈2]+.. 

Where; 

𝐴1,2,𝑒𝑡𝑐 = 𝑡ℎ𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑔𝑙𝑎𝑧𝑖𝑛𝑔 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 
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𝐶𝐴,𝐵 𝑎𝑛𝑑 𝐶 = 𝑡ℎ𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠 𝐴, 𝐵 𝑎𝑛𝑑 𝐶 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 

𝑆𝐻𝐺𝐶1,2,𝑒𝑡𝑐 = 𝑡ℎ𝑒 𝑇𝑜𝑡𝑎𝑙 𝑆𝑦𝑠𝑡𝑒𝑚 𝑆𝐻𝐺𝐶 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑔𝑙𝑎𝑧𝑖𝑛𝑔 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 

𝑆𝐻1,2,𝑒𝑡𝑐 = 𝑡ℎ𝑒 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑠ℎ𝑎𝑑𝑖𝑛𝑔 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑔𝑙𝑎𝑧𝑖𝑛𝑔 𝑒𝑙𝑒𝑚𝑒𝑛𝑡  

𝑆𝐶1,2,𝑒𝑡𝑐 = 𝑡ℎ𝑒 𝑐𝑜𝑜𝑙𝑖𝑛𝑔 𝑠ℎ𝑎𝑑𝑖𝑛𝑔 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑔𝑙𝑎𝑧𝑖𝑛𝑔 𝑒𝑙𝑒𝑚𝑒𝑛𝑡  

𝑈1,2,𝑒𝑡𝑐 = 𝑡ℎ𝑒 𝑇𝑜𝑡𝑎𝑙 𝑆𝑦𝑠𝑡𝑒𝑚 𝑈 − 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑔𝑙𝑎𝑧𝑖𝑛𝑔 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 

ABCB (2016a) 

The Australian Building Codes Board provides a glazing calculator which incorporates the 

above calculation into a spreadsheet which is used to calculate compliance for a building’s 

glazing elements. The calculator requires inputs such as façade orientation, glazing size, 

window shading and glass performance characteristics. The glass performance 

characteristics are the U-value (mentioned in the previous section) and the Solar Heat Gain 

Coefficient (SHGC). Memari (2013) describes the SHGC as the fraction of solar radiation heat 

gained through the window. The glazing selected for the multi-purpose hall is a Viridian 

manufactured product with a U-value of 3.6 and a SHGC of 0.54. These values were entered 

into the glazing calculator as shown in Appendix D and the building’s glazing elements were 

calculated to be compliant with NCC standards.   

 

3.1.1.7 Building Structure 

The building is single storey multi-purpose hall incorporating standard constructions methods 

for the North Queensland environment. The building is a portal-frame type construction with 

light steel roof purlins supporting the roof sheeting. The building’s plant decks are located on 

low level roofs. The building’s fabric and glazing comprise of the minimum BCA/NCC 

requirements mentioned in previous sections. The internals include a 1600m2 double sports 

court area/performance area and connecting subsidiary areas, which have not been included 

in the heat load simulation of this project. Refer to Appendix B for building layout plans. 

 

3.1.2 Building Occupancy 

The multi-purpose hall is considered an assembly room type enclosure as per AS 1668.2. In 

Table A1 of this standard, it notes that when the number of occupants of the building is not 

known, the occupancy can be determined by the using a net floor area per person depending 

on enclosure type. The net floor area per person for a large assembly room is 1m2 per person. 

Therefore, for the 1600m2 multi-purpose hall the building occupancy is 1600 people. 
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3.1.3 Heat Load Simulation 

The heat load simulation software used to calculate the heat load on the building is CAMEL. 

CAMEL is abbreviated from Carrier Air conditioning Method of Estimating Loads. CAMEL 

undertakes a psychrometric analysis of a building to calculate the heating and cooling load 

estimation. The program performs calculations for peak load only, part load is not considered. 

The program can model a multitude of system types with numerous variables. The calculations 

inherit the principles outlined in the AIRAH/RHACE Application Manual DA9 Air Conditioning 

Systems and in accordance with the Federal Government Construction Authority (ACADS 

BSG 2013). 

 

3.1.3.1 Camel Inputs 

3.1.3.1.1 Location/Ambient Design Conditions 

The program has climatic data for several locations, including Townsville. The data has been 

extracted from weather recordings since 1990. The location of the building was selected which 

contains the geographical data for Townsville as shown in Table 3-3. 

Table 3-3: Townsville Geographical Data 

Hemisphere South 

Latitude 19.3° 

Winter Design °CDB 12.9 

Winter Design %RH 80 

Daily Range 6.2 

 

Comfort and critical conditions are the two sets of climatic data that can be used to calculate 

the heat load of the building. Comfort conditions are the 3.00pm dry-bulb and wet-bulb 

temperatures which are exceeded on 10 days per year. The critical conditions are the dry-bulb 

and wet-bulb temperatures which are exceeded 0.25% of the operating time of the system 

(AIRAH 1998). Comfort conditions were chosen for the heat load calculation and the design 

conditions for each month for 3pm are shown in Table 3-4.  
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Figure 3-3: Summer & Winter Comfort Zones (AIRAH 2007) 

 

As per the design guidelines in AIRAH (1998), the room design conditions selected are 24°C, 

50% RH for summer shown in Table 3-5. 

Table 3-5: Design Conditions 

Condition Summer Winter 

Outside Conditions 33.4°C DB/26.8°C WB 12.9°C 

Internal Room Design 

Conditions 

24°C DB ± 1°C 

50% RH 
22°± 1°C 

 

3.1.3.1.4 Bypass Factor 

AIRAH (1998) describes the bypass factor as the representation of the portion of air which 

passes through the air conditioning coil and its thermal properties remain un-altered. Table 

3-6 outlines typical coil bypass factors for different applications. 
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Table 3-6: Typical Bypass Factors AIRAH (1998) 

Coil Bypass 

Factor 
Type of Application Example 

0.30 – 0.50 
A small total load or a load that is somewhat larger with a low 

sensible heat factor (high latent load) 
Residence 

0.20 – 0.30 
Typical comfort application with a relatively small total load or 

a low sensible load factor with a somewhat larger load 

Residence, small 

retail shop, 

factory 

0.10 – 0.20 Typical comfort application 

Department 

store, Bank, 

Factory 

0.05 – 0.10 
Applications with high internal sensible loads or requiring a 

large amount of outdoor air ventilation 

Office Block, 

Department 

Store, 

Restaurant, 

Factory 

0 – 0.10 All outdoor air applications 
Hospital, 

Operating Room  

 

Due to the multi-purpose hall requiring typical comfort air conditioning and large amounts of 

outdoor required, the bypass factor for the design is 0.10. 

AIRAH (1998) reports for heat load calculations where high latent loads are occurring, like a 

multi-purpose hall,  the grand total heat line (GTH) ,when plotted on a psychrometric chart, 

does not intersect the saturation curve or yield an apparatus dew point (ADP), therefore the 

evaporator coil is deemed impractical and unable to achieve the desired conditions. The 

apparatus dew point is the effective surface temperature of the cooling coil and the 

temperature where complete removal of latent and sensible gains occurs (Simha 2012). In 

order to achieve practical coil conditions, an ADP can be fixed for the heat load calculation. 

The ramifications of setting a fixed ADP is the relative humidity within the room can fluctuate, 

however it will remain within the acceptable values of human comfort. The apparatus dew 

point (ADP) for the heat load calculation is 12°C.  

3.1.3.1.5 Supply Fan Heat Gain 

Heat is gained by the air conditioning system due to the supply air fan. The system is a draw-

through fan which adds heat to the supply air path and increases room sensible heat through: 

• Temperature rise due to fan inefficiencies 
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• Pressure/velocity rise causing energy gain in the air path 

• The fan is in the airpath, which motor and drives increase hat gain in the system. 

To calculate the supply fan heat gain for a packaged type air conditioning system, the 

difference in supply air and room air temperature is required as well as the fan total pressure. 

AIRAH (1998) notes for a fan serving a system with considerable ductwork and a low velocity 

system, the fan pressure is approximately 0.3 to 0.5 kPa. The off-coil supply air design 

temperature will be 12°C and the design room temperature is 24°C, making the difference in 

temperature 12°C. 

For the above parameters, Table 53 in AIRAH (1998) notes the supply fan heat gains are 5%. 

 

3.1.3.1.6 Duct Gains & Leakage 

Return air duct heat gains result from the inward gain of hot moist air into the return air path. 

To calculate the return air duct gains percentage, the room sensible heat (RSH) must be 

estimated. An initial estimate of 30kW is used, which will be refined once final heat loads are 

calculated. The following are estimations of parameters in order to define a value for RSH 

using Figure 3-4: 

• Length of insulated ductwork within un-conditioned space: 30m 

• Un-conditioned space temperature: 36°C 

• Return air temperature: 24°C 

• Duct velocity: 5m/s 

From Figure 3-4, the percentage addition to room sensible heat due to return air duct gains 

are 2.5%. 



35 | P a g e  
 

 

Figure 3-4: Return Air Duct Heat Gain (AIRAH 1998) 

 

Return air duct leakage for ductwork outside of a conditioned space is dependent on the length 

of exposed ductwork. As it is anticipated there will be limited external return air ductwork, it is 

estimated 2% of air leakage will occur and was added to the heat load calculation. (AIRAH 

1998). 

AIRAH (1998) notes supply air ductwork located in conditioned spaces will inherit no supply 

air duct gains or leakage. 

 

3.1.3.1.7 Safety Factor 

To allow for probable error or estimate, a safety factor of 5% was added to the building’s 

sensible heat total (AIRAH 1998). 
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3.1.3.1.8 Storage Mass 

The storage mass is the mass per unit area of floor (kg/m2). It is used to determine the storage 

load factors of a rooms materials in order to calculate the thermal capacity of the materials 

enclosing the building or room (AIRAH 1998). 

The storage mass is calculated by summing the total mass of the external walls, roofs, 

partitions, floors and ceiling. The CAMEL software automatically calculates the storage mass 

using building fabric inputs which was found to be 291 kg/m2 (ACADS-BSG 2013). 

 

3.1.3.1.9 Outside Air Rates 

Under the requirements of AS1668.2 – Mechanical Ventilation in Buildings, the minimum 

effective outside air requirements shall be provided to an enclosure by means of mechanical 

ventilation. The minimum effective outdoor air rate based on building occupancy with the use 

of particulate filtration is calculated using Clause 2.8.4.2 as follows; 

𝑄𝑓 = 𝑛 × 7.5 𝐿/𝑠 where n = the number of occupants (1600 people) 

Therefore;  

𝑄𝑓 = 1600 × 7.5 𝐿/𝑠 

𝑄𝑓 = 12000 𝐿/𝑠 

 

3.1.3.1.10 Infiltration Rates 

Infiltration air is the outdoor air that infiltrates a building through cracks in door and windows 

due to wind and pressure differences. Infiltration air causes increased sensible and latent heat 

gains to the building and in turn the air conditioning system (Howell 2017a). 

In order to calculator the infiltration of the building the number of air changes was determined 

using the following equation; 

𝑁 = 3600 
𝑞

𝑉⁄  where; 

𝑁 = 𝑎𝑖𝑟 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 

𝑞 = 𝑜𝑢𝑡𝑠𝑖𝑑𝑒 𝑎𝑖𝑟 (𝑚3 𝑠⁄ ) 

𝑉 = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑟𝑜𝑜𝑚 (𝑚3) 

𝑁 = 3600 ×
12

(1600 × 7.4)
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𝑁 = 3.65   𝐶ℎ/ℎ 

AIRAH (1998) reports the amount of infiltration air into a building is dependent on wind 

pressure and temperature differences from the internal and external of the building. These 

factors are considered as forces. The infiltration for the building was calculated by summing 

values for parameters from Table 3-7. As the outdoor air changes exceeds half an air change, 

the difference in these were deducted from the total calculated from Table 3-7. 

Table 3-7: Infiltration Due To Wind Forces (AIRAH 1998) 

Parameter Condition Ch/h Condition Ch/h 

Exposure Sheltered 0 Exposed +
1

2
 

Construction Wet 0 Dry +
1

2
 

Location of 

Windows 

1 wall or 2 adjacent 

walls 
0 2 opposite walls, 3 or 4 walls +

1

2
 

Type of 

Window 
Gasketed 0 Not gasketed +

1

2
 

Openable 

window area 

per wall area 

Less 25% 0 50% +
1

4
 

Partitioning Nil 0 Heavy −
1

2
 

 

The summation of the parameter values is shown below: 

Exposure = +
1

2
 

Construction = +
1

2
 

Location of Windows = +
1

2
 

Type of Window = +
1

2
 

Total = 2 𝐶ℎ/ℎ 

Outside Air Changes ≈ 3.5 𝐶ℎ/ℎ 

≈ 3.5 − 0.5 = 3 

3 − 2 = 1 𝐶ℎ/ℎ 

Total infiltration for the room = 1 𝐶ℎ/ℎ 
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3.1.3.1.11 External Loads 

3.1.3.1.11.1 Walls 

The input parameters are for the external walls to distinguish wall exposure, shading, glazing 

and thermal properties for inclusion in the heat load calculation. Refer Appendix C for external 

wall surface modelling. The typical external wall input parameters are outlined in Table 3-8. 

Table 3-8: Typical Wall Parameter Inputs 

Parameter Input 

Exposure Wall orientation (Nth, Sth, etc) 

Height of Wall Dependent on Surface 

Length of Wall Dependent on Surface 

Shading Scheme Dependent on Surface 

Wall U-factor 0.357 𝑊 𝑚2°𝐶⁄  (Refer section 3.1.1.5) 

 Wall Surface Density 219 𝑘𝑔 𝑚2⁄  

Wall Absorptivity  0.45 (Refer section 3.1.1.3.1) 

 

3.1.3.1.11.2 Roof 

The typical roof input parameters are shown in Table 3-9. 

Table 3-9: Typical Roof Parameter Inputs 

Parameter Input 

Exposure Sun 

Area of Roof 1600m2 

Roof U-factor 0.27 𝑊 𝑚2°𝐶⁄  (Refer section 3.1.1.4) 

Roof Density 21 𝑘𝑔 𝑚2⁄  

Wall Absorptivity  0.55 (Refer section 3.1.1.3.1) 

 

3.1.3.1.11.3 Shading 

The shading elements were inputted for the different building facades using the parameters 

shown in Figure 3-5. The parameters are measurements from different datum points on the 

external wall surface. Refer Appendix C for Shading Schemes. 
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Figure 3-5: Shading Parameter Inputs 

 

3.1.3.1.11.4 Glazing 

Table 3-10 outlines the typical glazing inputs used for the heat load calculation. 

Table 3-10: Typical Glazing Parameter Inputs 

Parameter Input 

Window Type Dependent on Window 

Number of Windows Dependent on Surface 

Direction of Windows Horizontal 

Distance Between Window Dependent on Surface & Window 

Vertical Offset of Window Dependent on Surface & Window 

Horizontal Offset of Window Dependent on Surface & Window 

Window Height Dependent on Window 

Window Width Dependent on Window 

Glass U-Factor 3.6  𝑊 𝑚2°𝐶⁄  (Refer section 3.1.1.6) 

SHGC 0.54 (Refer section 3.1.1.6) 

Window Frame Shade Factor Correction 1.1 

Internal Shading No 

 

Refer Appendix C for Glazing elements. 
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3.1.3.1.12 Internal Building Loads 

 Occupants, occupant activity, lighting, appliances all produce sensible and latent heat which 

contribute to the total air conditioning load of a building. Humans dissipate a combination of 

sensible and latent heat dependent on the activity being undertaken, size of the person, the 

person’s gender and the room temperature. Typically, humans undertaking exercise of a 

higher intensity will produce more latent heat. An activity of seated was selected for the full 

occupancy however an additional sensible load was added to allow for heat produced by 

appliances/equipment AIRAH (1998). 

Lights produce sensible heat which is attributable to the air conditioning load of a building. The 

maximum illumination density for the building use was extracted Table J6.2a in ABCB (2016a) 

and included in the heat load calculation. 

The internal building load inputs are outlined in Table 3-11. 

Table 3-11: Internal Building Heat Load Input Parameters 

Parameter Input 

Occupant Activity Seated at rest 

Occupancy 1600 people 

Lighting Load 15  𝑊 𝑚2⁄  

Light Type Exposed Fluorescent 

Additional Sensible Load  5  𝑊 𝑚2⁄  

 

3.1.3.1.13 Pre-Conditioner 

The pre-conditioner tab within the Camel program was used to apply the energy recovery 

ventilator to the selected system. As noted in Section 2.3.2.2, membrane plate heat energy 

recovery ventilators typically yield sensible and latent efficiency values of 60- 80%. The values 

of the energy recovery ventilator efficiency were entered and are shown in Table 3-12.  

Table 3-12: ERV Efficiency Inputs 

Efficiency Type Efficiency Input 

Sensible Efficiency 0.6 

Latent Efficiency 0.6 
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 Design & Documentation of Systems 

Upon completion of the heat load calculation, the air distribution system and overall system 

layout were designed. These systems were designed using industry standards and to   

equipment manufacturer specifications to ensure relevance to real-world applications. 

 

3.2.1 Heat Load Calculation Output 

Table 3-13 outlines the results from the heat load calculation for systems with and without an 

ERV. The results are used to calculate the air distribution system, air handling unit and ERV 

to adequately meet the performance parameters from the heat load calculation. 

Table 3-13: Heat load Calculation Results 

System 
S/A 

(L/s) 

O/A 
GTH 

(kW) 

GTSH 

(kW) 

Coil Entering 

Conditions 

Coil Leaving 

Conditions 

Quantity 

(L/s) 

% 

S/A 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

System 1 

- ERV 
17487 12000 69 531 287 27.1 21.6 13.5 13.1 

System 2 

– No ERV 
18108 12000 66 771 369 30.7 24.6 13.9 13.6 

Where; 
𝑆 𝐴⁄ = 𝑆𝑢𝑝𝑝𝑙𝑦 𝐴𝑖𝑟 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 (𝐿/𝑠) 

𝑂 𝐴⁄ = 𝑂𝑢𝑡𝑠𝑖𝑑𝑒 𝐴𝑖𝑟 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 (𝐿/𝑠) 

𝐺𝑇𝐻 = 𝐺𝑟𝑎𝑛𝑑 𝑇𝑜𝑡𝑎𝑙 𝐻𝑒𝑎𝑡 (𝑘𝑊) 

𝐺𝑇𝑆𝐻 = 𝐺𝑟𝑎𝑛𝑑 𝑇𝑜𝑡𝑎𝑙 𝑆𝑒𝑛𝑠𝑖𝑏𝑙𝑒 𝐻𝑒𝑎𝑡 (𝑘𝑊) 

𝑇𝐷𝐵 = 𝐷𝑟𝑦 𝐵𝑢𝑙𝑏 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 (°𝐶) 

𝑇𝑊𝐵 = 𝑊𝑒𝑡 𝐵𝑢𝑙𝑏 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 (°𝐶) 

 

After review of the heat load calculation results in conjunction with industry consultation, it was 

determined that due to the low sensible heat factor (SHF) of System 2, Air Change Australia 

(air handling unit manufacturer) are unable to manufacture a standard package air handling 

unit to meet the performance criteria in Table 3-13. The low sensible heat factor is a result of 

the high amounts of outside air passing through the coil without pre-conditioning. This resulted 

in the design conditions of the building being altered to 24°C and 70% RH by increasing the 

supply air quantity which reduces comfort levels within the building. This yielded a reduction 

in the Grand Total Heat of the system. The results of the revised heat load calculation are 

shown in Table 3-14, the design of system 2 (No ERV) will be based upon these results and 

closely reflects an industry application. An air handling unit and ERV manufactured by Air 

Change Australia were able to meet the performance criteria outlined in Table 3-13 and 

remained for the revised heat load calculation. 
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Table 3-14: Revised Heat Load Calculation Results 

System 
S/A 

(L/s) 

O/A 
GTH 

(kW) 

GTSH 

(kW) 

Coil Entering 

Conditions 

Coil Leaving 

Conditions 

Quantity 

(L/s) 

% 

S/A 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

System 1 

- ERV 
17487 12000 69 531 287 27.1 21.6 13.5 13.1 

System 2 

– No ERV 
32000 12000 37 723 369 27.8 22.9 18.3 17.2 

 

Table 3-15: ERV Performance Criteria 

System 
S/A 

(L/s) 

O/A 
Air Entering 

Conditions 

Air Leaving 

Conditions 
Notes 

Quantity 

(L/s) 

% 

S/A 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

ERV 12000 12000 100 33.4 26.6 28.3 22.6 

ERV supplies 

100% of outside 

air to System 1 

 

For complete heat load calculation results refer Appendix E. 

 

3.2.1.1 Unit Selections 

As previously mentioned, the air handling units were selected based on manufacturers 

specifications. As the required cooling capacity for both systems were significantly high, the 

building is served by four (4) air handling units of equal capacity in both cases. The systems 

comprise of two (2) air handling units located at both the Eastern and Western ends of the 

building, mounted upon roof top plant decks.  

 

3.2.1.1.1 System 1 – ERV 

The performance criteria for the system 1 air handling units and energy recovery ventilators 

are shown in Table 3-16 and Table 3-17. 
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Table 3-16: System 1 Air Handling Unit Schedule 

Unit No. 
S/A 

(L/s) 

O/A 

(L/s) 
GTH (kW) 

GTSH 

(kW) 

Coil Entering 

Conditions 

Coil Leaving 

Conditions 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

AHU-1 4372 3000 133 72 27.1 21.6 13.5 13.1 

AHU-2 4372 3000 133 72 27.1 21.6 13.5 13.1 

AHU-3 4372 3000 133 72 27.1 21.6 13.5 13.1 

AHU-4 4372 3000 133 72 27.1 21.6 13.5 13.1 

 

Table 3-17: System 1 ERV Schedule 

Unit No. 
S/A 

(L/s) 

O/A 

(L/s) 

Air Entering 

Conditions 

Air Leaving 

Conditions 
Notes 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

ERV-1 3000 3000 33.4 26.6 28.3 22.6 Serves AHU-1 

ERV-2 3000 3000 33.4 26.6 28.3 22.6 Serves AHU-2 

ERV-3 3000 3000 33.4 26.6 28.3 22.6 Serves AHU-3 

ERV-4 3000 3000 33.4 26.6 28.3 22.6 Serves AHU-4 

 

Air Change manufacture a combined air handling unit & energy recovery ventilator system 

which reduces installation time and physical footprint. The selected packaged ERV 

dimensions for AHU/ERV 1-4 are shown in Figure 3-6. 
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Figure 3-6: Packaged ERV AHU Dimensions (Air Change Australia 2018) 

For complete equipment specifications, refer Appendix F. 

 

3.2.1.1.2 System 2 – No ERV 

The performance criteria for the system 1 air handling units are shown in Table 3-18. 

Table 3-18: System 2 Air Handling Unit Schedule 

Unit No. 
S/A 

(L/s) 

O/A 

(L/s) 
GTH (kW) 

GTSH 

(kW) 

Coil Entering 

Conditions 

Coil Leaving 

Conditions 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

AHU-1 8000 3000 181 92.25 27.8 22.9 18.3 17.2 

AHU-2 8000 3000 181 92.25 27.8 22.9 18.3 17.2 

AHU-3 8000 3000 181 92.25 27.8 22.9 18.3 17.2 

AHU-4 8000 3000 181 92.25 27.8 22.9 18.3 17.2 

 

The dimensions for the selected package air handling unit manufactured by Air Change/Dunn 

Air are shown in Figure 3-7. 
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Figure 3-7: Package AHU Dimensions (Dunnair Australia 2015) 

For complete equipment specifications, refer Appendix F. 
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3.2.2 HVAC System Design 

3.2.2.1 Ductwork 

The air distribution systems were designed using the Equal Friction Loss Method (EFLM). 

Howell (2017b) outlines the method uses a constant pressure loss per unit length to size 

ductwork based on airflow as well as incorporating acceptable parameters for duct velocity 

depending on application. The ductwork can be sized using friction charts published in 

numerous texts including ASHRAE (2009) and AIRAH (2007). For the project, the ductwork 

was sized using a dynamic duct calculator which incorporates these charts and converts to 

equivalent square duct sizes. AIRAH (2007) state to use a maximum pressure loss of 1 Pa/m 

when sizing ductwork using the Equal Friction Loss Method. Butcher (2004) notes that when 

noise generation is a controlling factor, the duct velocities shall be kept to a minimum 

depending on the building use. The ductwork was sized using the parameters in Table 3-19.  

Table 3-19: Duct Sizing Parameters 

Parameter Value 

Pressure Loss 1 Pa/m  

Duct Air Velocity 6 m/s 

 

In order to achieve compliance with BCA Section J – Part 5 (Air conditioning and Ventilation) 

ductwork insulation in an air conditioning system must have a minimum R-value of not less 

than the values shown in Table 3-20 for climate zone 1. 

Table 3-20: Minimum Insulation R-value for Location (ABCB 2016a) 

Location of Ductwork & Fittings R-Value 
Nominal Insulation 

Thickness1 

Within a conditioned space 1.2  38mm 

Exposed to direct sunlight 3.0 100mm 

All other locations 2.0 75mm 

1 denotes the minimum insulation thickness to achieve required R-value as nominated by Insulation manufacturer 

Fletcher Insulation (Fletcher Insulation 2019). 

It is to be noted the duct work sizes typically given on design drawings are noted as airpath 

size (mm), the insulation thickness and type is noted on the design drawing legend but is not 

included in the size noted. In fabrication or workshop drawings, the size noted on drawings is 

typically the ‘sheet metal’ size or outer dimensions which includes the airpath size and 

insulation thickness. The drawings presented in this dissertation are considered design 
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drawings, therefore sizes will be noted as airpath size (mm). The duct sizes were determined 

through coordination with the building structure, air handling unit connections and industry 

practices & guides. 

 

3.2.2.1.1 System 1 – Duct Sizing 

As previously mentioned, the building is to be served by 4 air handling units for both system 

options. Two units each serve both the Eastern and Western ends of the building. The air 

distribution systems for system 1 serving the building comprise of individual supply air 

rectangular ductwork connecting to the supply air outlet of the air handling units, the two supply 

air ducts from each unit connect to a central supply air rectangular duct and rise to penetrate 

the external wall. The internal circular ductwork is exposed at high level within the building 

where supply air is distributed.  

Return air ductwork is by means of a single rectangular duct serving each air handling unit 

which is located external to the building, this connects the return air grille to the air handling 

unit. System 1 (ERV) requires exhaust and outside air rectangular ductwork. The exhaust 

ductwork is connected to the exhaust outlet of the energy recovery ventilator and discharges 

the air to the atmosphere. The outside air ductwork intakes fresh air from external and supplies 

it to the ERV by connecting to the inlet of the unit. Duct sizing is shown in Table 3-21. 

Table 3-21: System 1 - Duct Sizes 

Duct System 
Airflow 

(L/s) 

Duct 

Velocity 

(m/s) 

 Air Path Size 

(mm) 
R-Value 

Insulation 

Thickness 

(mm) 

Sheet 

Metal Size 

(mm) 

Supply External  

(1 unit) 
4372 6 1400x600 3.0 100 1600x800 

Supply External  

(2 units combined) 
8744 6 1200x1200 3.0 100 1400x1400 

Supply Internal  

(2 units combined) 
8744 6 Ø1400 1.2 50 Ø1500 

Return External 4372 6 1200x650 3.0 100 1400x850 
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Outside Air 

External 
3000 6 

3250x1100 

(to suit unit 

connection) 

N/A N/A 3250x1100 

Exhaust Air 

External 
3000 6 

2550x1050 

(to suit unit 

connection) 

N/A N/A 2550x1050 

 

3.2.2.1.2 System 2 – Duct Sizing 

The air distribution systems for system 2 serving the building comprise of individual supply air 

rectangular ductwork connecting to the supply air outlet of the air handling units, the two supply 

air ducts from each unit connect to a central supply air rectangular duct and rise to penetrate 

the external wall. The internal circular ductwork is exposed at high level within the building 

where supply air is distributed.  

Return air ductwork is by means of a single rectangular duct serving each air handling unit 

which is located external to the building, this connects the return air grille to the air handling 

unit. System 2 requires an outside air duct intake which is connected to the return air plenum. 

Duct sizing for system 2 is shown in Table 3-22. 

 

Table 3-22: System 2 - Duct Sizes 

Duct System 
Airflow 

(L/s) 

Duct 

Velocity 

(m/s) 

 Air Path 

Size (mm) 
R-Value 

Insulation 

Thickness 

(mm) 

Sheet Metal 

Size (mm) 

Supply External  

(1 unit) 
8000 6 1400x1000 3.0 100 1600x1200 

Supply External  

(2 units combined) 
16000 6 1650x1650 3.0 100 1850x1850 

Supply Internal  

(2 units combined) 
16000 6 Ø1800 1.2 50 Ø1900 

Return External 5000 6 1400x1000 3.0 100 1600x1200 

Outside Air 

External 
3000 6 750x750 N/A N/A 750x750 
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3.2.2.2 Air Grilles 

The air grille types are based upon information provided in the Holyoake component manual 

which outlines the most suitable grille type depending on application.  

3.2.2.2.1 Supply Air Grille Type 

Holyoake (2011b) notes the supply air grille suitable for a duct mounted application is the DDL-

20 type grille. As seen in Figure 3-8 the grille type was selected with double deflection blades 

which are individually adjustable for directing air in horizontal and vertical planes. 

 

Figure 3-8: Double deflection supply air grille (Holyoake 2011b) 

 

3.2.2.2.2 Return Air Grille Type 

An eggcrate type grille was selected for the return air grille for both systems. Eggcrate grilles 

can be used in a wall application and provide a significant amount of free area (Holyoake 

2011a). 

 

3.2.2.3 Grille Selection Criteria 

In order to correctly size the air grilles for the project, several parameters were used to select 

the grille size from the manufacturer’s literature. 

The supply air grilles were selected using the following parameters: 

• Airflow per grille (L/s) 

• Noise Criteria (NC) 

• Required distance of throw (m) 
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The return air grilles were selected using the following parameters: 

• Airflow per grille (L/s) 

• Noise Criteria (NC) 

As reported by Gorse et al. (2012) noise criteria (NC) is a single number used to represent 

equal hearing perception across all frequency bands at different sound levels. Noise criteria 

curves represent equal loudness levels heard by the human ear and are plotted on a graph of 

frequency against decibels. In order to achieve a noise rating, the noise must be less than the 

curve at every frequency. Price Industries (2011) guidelines recommend the system noise to 

be NC 40 – 50 for indoor stadiums and gymnasiums.  To accommodate for possible direct and 

reverberant noise within the space, the grilles were selected at NC 20 -30. 

The required throw for the supply air grilles in both systems was determined by measuring the 

distance from the ductwork to the outer wall on the hall which is approximately 18m.  

 

3.2.2.3.1 Supply 

The grilles were selected using the above parameters in accordance with the manufacturer’s 

specifications shown in Appendix G. The grille sizes for each system are shown in Table 3-23. 

Table 3-23: Supply Air Grille Selections 

 System 1 System 2 

Total Airflow (Western End) 8744 16000 

Number of Grilles 8 8 

Airflow per grille 1093 L/s 2000 L/s 

Selected Grille Size 900x400mm 1200x500mm 

Throw 19m 21m 

NC 24 29 

Note: Supply air grille sizes for the Eastern end are as per Table 3-23. 

 

3.2.2.3.2 Return 

The return air grilles were selected using air flow and noise criteria in accordance with 

manufacturers specifications shown in Appendix G. 
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Table 3-24: Return Air Grille Selections 

 System 1 System 2 

Total Airflow (AHU-1) 4372 L/s 5000 L/s 

Number of Grilles 1 1 

Airflow per grille 4372 L/s 5000 L/s 

Selected Grille Size 2400x750mm 2600x800mm 

NC 23 20 

Note: Return air grille sizes for AHU 2-4 are as per Table 3-24 

 

3.2.2.3.3 Grille Schedule 

Table 3-25 outlines the grille type, sizes and number off for each system. 

Table 3-25: Grille Schedule 

Grille 

Reference 
Grille Type Size No. Off 

System 1 

S1 Duct Mounted Double Deflection Louvre 900x400 16 

R1 Wall Mounted Aluminium Eggcrate Grille 2400x750 4 

System 2 

S1 Duct Mounted Double Deflection Louvre 1200x500 16 

R1 Wall Mounted Aluminium Eggcrate Grille 2600x800 4 
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3.2.2.4 Design & Documentation 

The beforementioned design parameters were used to develop mechanical services 

documentation for both systems using the 3-D building and services modelling software Revit. 

 

3.2.2.4.1 System 1 – ERV Mechanical Plans 

The following mechanical services plans entail the design and documentation of System 1 – 

ERV. The cover page, M101, illustrates the 3-D perspective of the building and system 1. 

M102 includes the details, legend, notes and equipment schedules. M103 shows the 

mechanical services floor plan which illustrates the four packaged ERV units serving the 

building, with two units at each end of the building located upon the mechanical services plant 

decks. The two systems at each end include a single supply air ductwork route in the centre 

of the building from each end and individual return air ductwork serving each unit. Drawings 

M104 and M105 include section views, elevations and 3-D perspectives of the plant area. This 

shows the supply, return, exhaust and intake ductwork required to serve each packaged ERV 

unit. 
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3.2.2.4.2 System 2 – No ERV Mechanical Plans 

The following mechanical services plans entail the design and documentation of System 2 – 

No ERV. The cover page illustrates the 3-D perspective of the building and system 2. M002 

includes the details, legend, notes and equipment schedules. M003 shows the mechanical 

services floor plan which illustrate the packaged air handling units serving the building, with 

two units at each end of the building located upon the mechanical services plant decks. The 

two systems at each end include a single supply air ductwork route running down the centre 

of the building from each end and individual return air ductwork serving each unit. Drawings 

M004 and M005 include section views, elevations and 3-D perspectives of the plant area. This 

shows the supply, return and outside air ductwork for the packaged air handling units and also 

shows the excessive duct sizes and significantly larger plant size when compared to the ERV 

system. This is further outlined in the floor plan shown in M003 shows the central exposed 

ductwork being significantly larger for the non-ERV option and supply air grilles sizes also 

increasing in size across the two systems this is a result of the requirement of a significantly 

larger airflow and required cooling capacity for the non-ERV system. 
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 Energy Analysis 

The Beaver software incorporates a building’s geographical location, services and structure 

to estimate the energy consumption of the building. The program also estimates temperature 

profiling throughout the building, energy consumption and peak demand for varying fuel types 

(ACADS BSG 2016). 

3.3.1 Beaver Inputs 

Beaver utilises all system parameters entered from the heat load simulation in CAMEL. The 

program allows for direct input of values outlined in Section 3.1.3. Further input parameters 

were required to complete the building energy analysis. 

3.3.1.1 Plant Operating Schedule 

Specification JV of the BCA 2014 states that the annual energy consumption of an air 

conditioning system is to be calculated using the following: 

• Daily occupancy and operation profiles shown in Table 3-26 

• Internal heat gains from appliances of 5 W/m2 for a Class 9B building (ABCB 2016b) 

• Internal heat gains from artificial lighting shown in Table 3-26 

Table 3-26: Occupancy & Operation Profiles of a Class 9b School Table 2g (ABCB 2016b) 

Time Period 

(Local Standard Time) 

Occupancy 

(Monday to Friday) 

Artificial 

Lighting 

(Monday to 

Friday) 

Appliances 

& 

Equipment 

(Monday to 

Friday) 

Air 

Conditioning 

(Monday to 

Friday) 

12:00am to 1:00am  0%  5%  5%  Off  

1:00am to 2:00am  0%  5%  5%  Off  

2:00am to 3:00am  0%  5%  5%  Off  

3:00am to 4:00am  0%  5%  5%  Off  

4:00am to 5:00am  0%  5%  5%  Off  

5:00am to 6:00am  0%  5%  5%  Off  

6:00am to 7:00am  0%  5%  5%  Off  

7:00am to 8:00am  5%  30%  30%  On  

8:00am to 9:00am  75%  85%  85%  On  

9:00am to 10:00am  90%  95%  95%  On  

10:00am to 11:00am  90%  95%  95%  On  

11:00am to 12:00pm  90%  95%  95%  On  

12:00pm to 1:00pm  50%  80%  70%  On  
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1:00pm to 2:00pm  50%  80%  70%  On  

2:00pm to 3:00pm  90%  95%  95%  On  

3:00pm to 4:00pm  70%  90%  80%  On  

4:00pm to 5:00pm  50%  70%  60%  On  

5:00pm to 6:00pm  20%  20%  20%  Off  

6:00pm to 7:00pm  20%  20%  20%  Off  

7:00pm to 8:00pm  20%  20%  20%  Off  

8:00pm to 9:00pm  10%  10%  10%  Off  

9:00pm to 10:00pm  5%  5%  5%  Off  

10:00pm to 11:00pm  5%  5%  5%  Off  

11:00pm to 12:00am  5%  5%  5%  Off  

Notes: 
1. The occupancy profile is expressed as a percentage of the maximum number of people that 

can be accommodated in the building. The artificial lighting profile is expressed as a percentage 
of the maximum illumination power density permitted under Part J6. The appliances and 
equipment profile are expressed as a percentage of the maximum internal heat gain. The air 
conditioning profile is expressed as the plant status. 

2. Saturday and Sunday profiles are 5% continuous artificial lighting and 5% continuous 
appliances and equipment. There is no occupancy and the air conditioning is "off". 

 

Beaver has in-built occupancy and operational profiling which are in accordance with BCA 

guidelines. A Class 9b profiling schedule was selected in Beaver. The BCA profiling schedules 

include the following parameters for the energy analysis: 

• Monday to Friday 

• 7:00am – 5:00pm (10 Hours) 

• Analysis period 1st January – 31st December 

• 2600 hours per year of operation. 

 

3.3.1.2 Air Handling Unit Fans 

The supply air input power was automatically calculated by Beaver and used in the energy 

analysis. An energy recovery ventilator system includes an exhaust fan for extraction of 

exhaust air within the building as previously mentioned. The exhaust fans require power input 

and operates in conjunction with supply air fan of the air handling unit. The power input for the 

exhaust was given in the manufacturers technical data as 3 fans at 3.4kW power input each. 

The total power input for the exhaust fan is 12.2kW for system 1. 

System 2 only required a power input for the supply air fan of the air handling unit which was 

calculated by Beaver. System 2 does not have an exhaust fan, so no power input was required. 
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 Cost Analysis 

3.4.1 Capital Cost 

The capital cost is the total value of the air handling equipment, ductwork and air grilles. The 

cost comparison was simplified to exclude items of negligible cost difference across the 

systems such as switchboards, wiring, controls and associated ancillaries. The capital cost 

excludes many items such as builders’ costs, haulage and installation/labour costs. The capital 

cost is for the supply of the mechanical systems only. These values were calculated using 

industry guidelines using quantities derived from the mechanical services documentation and 

pricing information provided by equipment manufacturers. 

 

3.4.2 Energy Cost 

The energy analysis calculated the total annual energy consumption for both systems. The 

energy consumption includes lights and equipment load which are consistent across both 

systems to accurately review the energy consumption due to air conditioning. A flat rate of 

$0.27 per kWh is the supply rate for small businesses under Tariff 20 from Ergon Energy 

(Ergon Energy 2019) which was used to the determine the estimated energy costs of operating 

the system. 

 

3.4.3 Maintenance Cost 

ASHRAE (2015) reports of a research project which was undertaken which collected data on 

HVAC system maintenance costs. In 2004, the mean HVAC maintenance cost was 

USD$0.47/ft2. Conversion to current rate using inflation rates to 2019 values, metric numbers 

and Australian Dollar was completed to calculate maintenance costs which are shown in Table 

3-27. It is assumed that the maintenance cost for both systems are equal as the Non-ERV 

option has significantly larger components whereas the ERV option requires maintenance of 

the ERV component. 

Table 3-27: Maintenance Cost Rates 

 System 1 & 2 

Cost (m2 /annum) $10.20 

Cost ($/annum) $16,320 
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3.4.4 Life Cycle Cost 

Kubba (2010) outlines that capital, energy/operating, maintenance and repair costs are 

included when evaluating the costs over the time of a system’s life, which determines the life 

cycle cost. In order to calculate the life cycle cost of each system, the inflation rate and rate of 

increase of electricity are required to predict maintenance and energy costs in the future. The 

following rates were used to calculate the lifecycle cost and are an average of the historical 

increase over the past 10 years: 

• Inflation Rate – 2% (Rate Inflation 2019) 

• Electricity Price Increase – 5% (Queensland Competition Authority 2019) 

The life cycle cost analysis was undertaken over a 25 year period, as this is the typical 

economic life of a packaged air handling unit (AIRAH 2007). The life cycle cost was calculated 

using the spreadsheet shown in Appendix I. 
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4 Results & Discussion 

The detailed methodology yielded significant amounts of data sets and quantitative results. 

Limited results tables have been presented throughout the methodology due to the 

progressive nature of the analytical process and the reliance on data from preceding sections 

of the methodology in order to formulate a design. The presentation of results will reflect the 

methodology and will be presented in three sections: heat load calculation, energy analysis 

and cost analysis. The results are presented in the following sections including detailed 

analysis and interpretation of the findings. 

 

 Heat Load 

As described, initial heat load calculations were required to determine the overall heat load on 

the building in order to accurately design a system adequate to meet the heat load 

requirements of the building. Table 4-1 details the results of the heat load calculation for each 

system in order adequately condition the building at the desired design conditions. The table 

outlines the required airflow, Grand Total & Sensible heat required as well as the coil 

conditions required. The results show that there is a significant reduction in Grand Total Heat 

of a system when an ERV is used with required coil conditions being quite similar.  

However, when air handling unit selections were undertaken in accordance with 

manufacturer’s technical specifications it was determined that the manufacturer’s equipment 

was unable to meet the performance criteria of ‘System 2 – No ERV’ shown in Table 4-1 with 

the evaporator coil unable to achieve the Grand Total Heat, with the desired room conditions 

and the prescribed supply air flow. As previously mentioned, the room conditions and airflow 

were altered in order to meet the criteria with a manufactured product. The analysis was 

completed through comparison of ‘System 1 – ERV’ and ‘System 2 – No ERV (Practical)’. The 

results showed a reduction of 192kW GTH and an 82kW reduction in GTSH. Altering the 

relative humidity within the space to 70%RH, resulted in the coil leaving conditions of System 

2 to change which results in less than desirable room conditions. 
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Table 4-1: Heat Load Calculation Results 

System 
S/A 

(L/s) 

O/A 
GTH 

(kW) 

GTSH 

(kW) 

Coil Entering 

Conditions 

Coil Leaving 

Conditions 

Quantity 

(L/s) 

% 

S/A 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

System 1 

- ERV 
17487 12000 69 531 287 27.1 21.6 13.5 13.1 

System 2 

– No ERV  
18108 12000 66 771 369 30.7 24.6 13.9 13.6 

System 2 

– No ERV 

(Practical) 

32000 12000 37 723 369 27.8 22.9 18.3 17.2 

 

The psychrometric chart shown in Figure 4-1 outlines the psychrometric process required to 

be undertaken for System 2 – No ERV (Not practical) as a result of the heat load calculation. 

The chart shows the significantly high moisture and enthalpy content of the outside air. Table 

4-2 details the exact condition of the data points shown in the psychrometric process. The 

evaporator coil is required to remove 7.46 g/kg of moisture and 36.26 kJ/Kg of enthalpy from 

the combined return and outside air path to achieve the design conditions of the room.  

 

Figure 4-1: System 2 (No ERV - Not Practical) Psychrometric Process 
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Table 4-2: System 2 (No ERV – Not Practical) Psychrometric Data 

Air Conditions 𝑻𝑫𝑩 (°C) 𝑻𝑾𝑩 (°C) RH (%) 
Moisture 
Content 
(g/kg) 

Enthalpy 
(kJ/Kg) 

Outside Air 33.4 26.8 60.2 19.7 84.05 

Room Air 24.0 19.25 64.4 12.08 54.7 

Coil Entering Air 30.7 24.6 61.1 17.09 74.56 

Coil Leaving Air 13.9 13.6 96.8 9.63 38.3 

Room Entering 
Air 

14.4 13.3 88.7 9.1 37.49 

Return Air 25.4 19.7 59.3 12.09 53.35 

Apparatus Dew 
Point 

12     

Mix R/A + O/A 30.7 24.6 61.1 17.09 74.56 

 

Figure 4-2 shows the psychrometric process of system 2 with room conditions altered. The air 

handling unit is required to remove 3.76 g/kg of moisture and 19.36 kJ/Kg of enthalpy from the 

combined return and outside air path to achieve the design conditions of the room. Only 

minimal removal of moisture content is required by the coil due higher than usual relative 

humidity set for the design conditions. In Figure 4-2, the altered design conditions point has 

moved up the chart in comparison to Figure 4-1 as a result of changing the wet bulb 

temperature which increases the relative humidity.  
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Figure 4-2: System 2 (No ERV) Psychrometric Process 

 

Table 4-3: System 2 (No ERV) Psychrometric Data 

Air Conditions 𝑻𝑫𝑩 (°C) 𝑻𝑾𝑩 (°C)  RH (%) 
Moisture 
Content 
(g/kg) 

Enthalpy 
(kJ/Kg) 

Outside Air 33.4 26.8 60.2 19.7 84.05 

Room Air 24.0 20.05 70 13.15 57.6 

Coil Entering Air 27.8 22.9 66.21 15.64 67.86 

Coil Leaving Air 18.3 17.2 89.9 11.88 48.5 

Room Entering 
Air 

18.5 17.3 89.05 11.91 48.8 

Return Air 24.4 20.2 68.5 13.182 58.09 

Apparatus Dew 
Point 

14.6     

Mix R/A + O/A 27.8 22.9 66.2 15.64 67.86 

 

Figure 4-3 displays the psychrometric results from the heat load simulation of the system with 

an energy recovery ventilator. The data line from the outside air point to the Air Off ERV (H.E 

Lvg) show the work undertaken by the ERV. The ERV removes 4.72 g/kg of moisture and 

17.37kJ/Kg of enthalpy from the outside air, with a total heat content removal of over 240kW. 

The benefit of the ERV is that it utilises exhaust tempered air from the room to pre-condition 
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the outside air, which essentially acts as ‘free cooling’. Whilst the rates of enthalpy and 

moisture removal from the coil appear less than the values in Table 4-3, the total required 

cooling is significantly less due to the lower supply air flow. 

 

Figure 4-3: System 1 (ERV) Psychrometric Process 

 

Table 4-4: System 1 (ERV) Psychrometric Data 

Air Conditions 𝑻𝑫𝑩 (°C) 𝑻𝑾𝑩 (°C) RH (%) 
Moisture 

Content (g/kg) 
Enthalpy 
(kJ/Kg) 

Outside Air 33.4 26.8 60.2 19.7 84.05 

Air Off ERV 28.3 22.6 61.65 14.98 66.68 

Room Air 24.0 19.1 63.4 11.89 54.38 

Coil Entering Air 27.1 21.6 62 14.01 62.98 

Coil Leaving Air 13.5 13.1 95.7 9.27 36.98 

Room Entering Air 14.0 12.8 87.6 8.75 36.19 

Return Air 24.5 19.3 61.78 11.94 55.03 

Apparatus Dew Point 12.0     

Mix R/A + O/A 27.1 21.6 61.96 14.01 62.98 

 

As previously mentioned, the CAMEL software estimates the peak grand total heat of a system 

using the 3pm peak monthly comfort conditions. Comfort conditions mean the peak conditions 
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are exceeded 10 times per year, which explains the fluctuation above the room design 

conditions seen in Table 4-4. 

The result of the peak loading on the building is seen in Figure 4-4, which displays the grand 

total heat of a system over its operational hours for each month for System 1. January, 

February and March have a GTH of over 550kW from initial operation of plant at 7am. GTH in 

these months increases to over 650kW by 11am and remains above this until operation of 

plant ceases. 

Figure 4-4 also illustrates the significant difference between hourly profiles from summer to 

winter months for System 2 – No ERV. The hourly profiling across months remains consistent 

throughout the year, with the GTH in winter months tapering off more rapidly after after peak 

daily loading has occurred at 3pm. 

 

Figure 4-4: GTH Hourly Profile - No ERV 

 

When comparing the above data with the GTH hourly profiles for Figure 4-5, other than the 

obvious difference in total GTH, it can be seen that system 1 (ERV) experiences a higher rate 

of increase of GTH from the from 7am to 3pm than system 2. This indicates that when solar 

loads on the building are less at 7am, the system requires less GTH as the ERV is pre-

conditioning the outside air and offsetting the cooling capacity required to handle the high 

outside air loads. As the operating hours continue, the GTH increases more rapidly as the 

solar load on the building increases to its peak loading condition at 3pm. When comparing this 

to Figure 4-4 , it is evident that from the initial system operation at 7am, the required cooling 
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capacity is significantly higher as the outside air at ambient conditions increases the required 

Grand Total Heat of the system significantly. 

 

Figure 4-5: GTH Hourly Profile – ERV 

 

Figure 4-6 compares the monthly grand total heat of both systems. The figure compares the 

3pm monthly GTH for both systems as seen in Figure 4-4 & Figure 4-5. It is evident that 

implementation of an ERV reduces the grand total heat of the system by 27% in the summer 

months. Savings are reduced as the ambient temperatures become lower into the winter 

months. In July & August, the required grand total heat is roughly equal for both systems. This 

is due to ambient air conditions being equal to the air conditions produced by the energy 

recovery ventilator. Therefore, there is no increase in grand total heat when an ERV is not 

used through winter months. 
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Table 4-6: System 1 ERV Schedule 

Unit No. 
S/A 

(L/s) 

O/A 

(L/s) 

Air Entering 

Conditions 

Air Leaving 

Conditions Notes 

𝑇𝐷𝐵 (°C) 𝑇𝑊𝐵 (°C) 𝑇𝐷𝐵 (°C) 𝑇𝑊𝐵 (°C) 

ERV-1 3000 3000 33.4 26.6 28.3 22.6 Serves AHU-1 

ERV-2 3000 3000 33.4 26.6 28.3 22.6 Serves AHU-2 

ERV-3 3000 3000 33.4 26.6 28.3 22.6 Serves AHU-3 

ERV-4 3000 3000 33.4 26.6 28.3 22.6 Serves AHU-4 

 

Table 4-7: System 2 Air Handling Unit Schedule 

Unit No. 
S/A 

(L/s) 

O/A 

(L/s) 
GTH (kW) 

GTSH 

(kW) 

Coil Entering 

Conditions 

Coil Leaving 

Conditions 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

𝑇𝐷𝐵 

(°C) 

𝑇𝑊𝐵 

(°C) 

AHU-1 8000 3000 181 92.25 27.8 22.9 18.3 17.2 

AHU-2 8000 3000 181 92.25 27.8 22.9 18.3 17.2 

AHU-3 8000 3000 181 92.25 27.8 22.9 18.3 17.2 

AHU-4 8000 3000 181 92.25 27.8 22.9 18.3 17.2 
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 Energy 

The energy analysis was conducted using the building energy analysis program Beaver. The 

analysis was conducted by comparing the energy consumption of both systems over a 12-

month period. The detailed energy analysis resulted are presented Appendix H. 

Table 4-8 compares the total energy annual energy consumption as calculated from the 

energy analysis. The table includes the total annual energy costs per system. The total annual 

energy consumption is 8% less when an ERV is implemented which equates to an annual cost 

saving of $8,764. 

Table 4-8: Estimated Energy Cost 

 System 1 - ERV System 2 – No ERV 

Estimated Energy 

Consumption per annum 

(kWh/annum) 

365901 398363 

Electricity Supply Rate 

($/kWh) 
$0.27 $0.27 

Estimated Electricity Cost per 

annum ($/annum) 
$98,793.27 $107,558.01 

Difference in Cost ($) $8,764.74 

 

Figure 4-7 compares the total monthly energy consumption for both systems. The ERV system 

yields significant energy savings of up to 18% in summer months. Review of the data details 

proportional energy savings in warmer months, however as external conditions become 

cooler, savings reduce. This is a result of data shown in Figure 4-6 which sees grand total 

heat becoming equal in these months. The energy consumption for system 1 (ERV) in the 

winter months exceeds the energy consumption for a non ERV arrangement. This is due to 

the requirement of an exhaust fan as a component of an ERV. The exhaust fan is required to 

draw exhaust air through the ERV in order to initiate the energy transfer process. The exhaust 

fan produces energy consumption on top the components of the air handling unit. 

As result of this, further energy analysis was undertaken into the energy consumption of the 

ERV system if an ERV bypass is installed which disables the exhaust fan operation through 

the winter months. The results of this are shown in Figure 4-7 where operating the ERV bypass 
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 Cost 

The results of the capital cost are outlined in Table 4-9. The cost breakdown has multiple 

exclusions however it is anticipated these items would be of negligible different across both 

systems. The cost is for the supply of the mechanical services systems only. The results show 

a significantly higher cost for the ERV air handling units compared to system 2. However, 

system 2 costs are higher for ductwork and grille items due to the requirement of a larger 

supply & return air quantities. 

Table 4-9: Capital Cost Breakdown 

Item System 1 System 2 

Air Handling Equipment $326,000 $229,000 

Ductwork $80,448 $97,052 

Air Grilles $3,155 $4,656 

Total $409,603 $330,708 

Assumptions 
1. All mechanical services items to make complete systems were not included in the capital cost 

comparison. It is assumed that items including, but not limited to, controls, wiring, switchboards 
& piping are of equal cost (or of negligible difference) for each system and therefore were not 
included. 

Exclusions 

• GST  

• Preliminaries, site establishment and storage of materials  

• Design or construction contingencies  

• Mechanical trade labour & installation costs 

• Demolition  

• Associated builders’ works  

• Temporary services  

• Regional indices  

• Haulage  

• Spare parts  

• Enabling works  

• Latent conditions  

• Rectification works 
 
 

Table 4-10: System Cost Comparison 

System Capital Cost 
Difference in 

Capital Cost 

Estimated 

Maintenance 

Cost per 

Annum 

Estimated 

Electricity 

Cost per 

Annum 

Difference in 

Electricity 

Cost 

System 1 - 

ERV 
$409,603 

$78,895 

$16,320 $98,793 

$8,765 
System 2 – 

No ERV 
$330,708 $16,320 $107,558 
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Figure 4-12 shows the cost deficit between the two systems each year over time as calculated 

by the life cycle cost analysis. The comparison demonstrates the payback period of the ERV 

when compared to the non ERV system. As shown in the graph, a positive cost deficit for the 

ERV occurs in the 7th year, detailing the ERV system has a payback period of between 6 to 7 

years. The data reveals an increase in cost deficit once the payback has occurred. System 2 

(No ERV) yields a total life cycle cost difference of $369,101 over 25 years when compared to 

system 1. 

 

 

Figure 4-12: System Cost Deficit 

 

A breakdown of the predicted maintenance and energy costs per year over the life cycle of 

the two systems is provided in Figure 4-13. The data comparison shows maintenance and 

electrical costs increasing exponentially over time, with the difference in system cost 

increasing each year.  The electricity costs in the final year of the analysis exceeds $300,000 

for both systems which is more than triple the amount of the initial energy costs.
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5 Conclusions 

The aims and objectives were formulated in order to successfully execute designs and 

calculations to yield valid results for the dissertation topic. Comprehensive research was 

undertaken to investigate energy recovery ventilator technology, to determine design 

parameters for energy recovery ventilators in air conditioning systems, to apply the relevant 

Australian Standards, codes and industry guidelines and to review publications and research 

of previous implementation of energy recovery ventilators and the results.  

In order to determine the effectiveness of these systems, a comparative approach was 

adapted where two systems were designed which entailed a system with and without an ERV 

installed. These systems were designed to suit a BCA Deemed To Satisfy Section J compliant 

multi-purpose hall building for consistent results. A heat load simulation was undertaken for 

both systems which calculated the total cooling capacity required by the air conditioning 

system. The calculations demonstrated a 27% reduction in the grand total heat when an ERV 

is implemented in summer months. The grand total heat required by each system was 

calculated to be equal through the winter periods. 

The systems were design and documented to industry standards where it was determined that 

the system without an ERV required a larger equipment footprint and associated ancillaries 

including ductwork and air grilles due to the requirement of larger air flows. The system without 

an ERV also produces less favourable internal room conditions due to the elevated relative 

humidity from direct outside air being supplied directly to the cooling coil of the air conditioning 

unit. 

An energy analysis was undertaken which included assessment of the air conditioning cooling 

& heating processes, the air handling unit fans, building lights and equipment loads. The 

results yielded an 8% reduction in total annual energy consumption and an $8,764 energy 

cost saving in the first year when an ERV is implemented. An unexpected result saw the 

energy consumption of the ERV system through winter months exceed that of the non ERV 

system. This was a result of the proprietary exhaust fan installed in the ERV which consumed 

energy whilst minimal energy is being reclaimed from the air exchange process as ambient 

conditions are equal to the conditions produced by the ERV.  

However, further calculation of the energy consumption of the ERV system when an ERV 

bypass is installed and initiated revealed up to a 9% reduction in energy consumption when 

compared to the Non-ERV system in winter months and energy savings of over 10% for the 

ERV system when the exhaust fan is not operating throughout the winter months. Further 
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costs would be associated with installing an ERV bypass system and its required controls, 

these costs were not included in this dissertation. 

The energy analysis revealed that cooling without an ERV contributes to over 70% of a 

building’s total energy consumption, compared to when an ERV is used cooling contributes 

accounts for 60% of the total energy consumption. 

The final objective was to undertake a cost analysis of the two systems. It was found that 

whilst the initial cost of the ERV system is significantly more, cost savings are provided from 

ductwork and air grilles. Results of the life cycle cost analysis predicted a system payback 

period between 6 and 7 years and a total cost saving of $369,101 over the 25-year life of the 

equipment. 

As previously mentioned, due to the manufacturing constraints the study was unable to 

undertake a direct comparison using the non ERV system and internal room design conditions 

were compromised in order to correctly select an available manufactured air handling unit(s). 

This further reiterates that the implementation of an ERV produces ideal room conditions for 

a building. If a direct comparison was able to be made (with both systems producing identical 

room design conditions), it is expected that the results would see a greater difference in 

required grand total heat, energy consumption and costs when an ERV is utilised. 

With all objectives achieved, the aim of this dissertation was to analyse and compare the 

effectiveness of energy recovery ventilators for air conditioning systems in the North 

Queensland region from a performance and cost standpoint. This study validates what has 

been proven in previous research but in a considerably different application. The comparative 

analysis undertaken shows that installation of energy recovery ventilators produces significant 

energy performance and cost benefits as well as improving room conditions. The benefits 

could stem to the government and large private entities who encounter large expenses as a 

result of energy consumption. With a payback period of less than 7 years, this study shows 

that is imperative to consider energy recovery technology when designing air conditioning 

systems in high occupancy buildings in tropical climates.  
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 Further Work 

Several opportunities for further study and investigation have been identified throughout the 

compilation of this dissertation. The scope and limitations of this topic were developed to 

ensure precise results were produced and the gap in literature was targeted. The main 

limitations of this research project are: 

• The analysis is undertaken for a multi-purpose hall application which are typically 

buildings of high occupancy. 

• The analysis is limited to the area of North Queensland, particularly Townsville, 

which is an area of high temperature and high humidity. 

Minor limitations also include building occupancy rates, building parameters and ERV 

efficiencies. Whilst energy recovery ventilators are an established technology in some parts 

of the world, it is somewhat only an emerging technology in Australia with very limited research 

undertaken or literature published. It is recommended further study be undertaken into the 

effectiveness of energy recovery ventilators with air conditioning systems in different climate 

zones of Australia to determine if the systems yield similar results for different climatic 

conditions. Investigations with varied building use, size and occupancy would be beneficial to 

understand the effectiveness of these devices on a broader spectrum as there is limited 

research published, particularly in Australia. It is anticipated that energy savings would be 

greater for larger buildings, particularly if the building occupancy were to increase. For less 

humid climates, it is expected it would yield similar results however an enthalpy exchanger 

would not be of any benefit, a sensible only energy recovery device would have to be used. 

Further areas of study could also include determining the total energy consumption of a 

system with modulation of fresh air in accordance with the building occupancy rather than the 

system operating with the total outside air quantity at all times. It is predicted this would yield 

further energy savings. As the dissertation is a theoretical and numerical model of the energy 

and costing savings produced by an energy recovery ventilator, case studies and research 

could be undertaken to compare these savings with actual installed systems including ERV 

efficiencies, actual energy savings and costs. 
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A Appendix A 

ENG4111/4112 Research Project 

Project Specification 

For:  Gene Morgan 

Title: The effectiveness of ERVs (Energy Recovery Ventilators) for air-conditioning 

systems in multi-purpose halls in North Queensland 

Major:  Mechanical Engineering 

Supervisor: Andrew Wandel 

Enrolment: ENG4111 – EXT S1,2019 

  ENG4112 – EXT S2, 2019 

Project Aim: Investigate the cost and energy savings of implementation of ERVs in this 

particular application. Design and document compliant air-conditioning 

systems for a multi-purpose hall with and without an ERV. Develop and 

simulate each model using appropriate software. 

Programme: Version 2, 10.10.2019 

1. Review existing ERV technology and research existing applications where these 

designs have been implemented. 

2. Review relevant standards/codes and produce a BCA minimum compliant multi-

purpose hall building to base the mechanical services design on. 

3. Model the systems using heat load simulation software. 

4. Design and documentation of a compliant mechanical services design for an air-

conditioning system to serve the multi-purpose hall. 

5. Design and documentation of a compliant mechanical services design for an air-

conditioning system with an integrated energy recovery ventilator to serve the multi-

purpose hall. 

6. Provide a cost and energy analysis between the two system variations. 

7. Analyse and interpret the results and provide outlines of the effectiveness and 

benefits of each system. 
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B Appendix B 

Building Plans 

The following drawing set comprises of the architectural documentation in which both systems 

were based upon. The building is compliant to the BCA/NCC Section J for building fabric, 

glazing, building sealing and air conditioning. The building is a 1600m2 double basketball court 

type structure. The plans include 3-D perspective, floor plan, roof plan, sections and 

elevations. 
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C Appendix C 

Heat Load Inputs 

The following figures outline the inputs from the heat load calculation from the CAMEL 

program. Figure C-1 outlines the project location information including climatic data, 

geographical data, project title and building orientation. Figure C-2 outlines the pre-conditioner 

inputs for the system including the ERV efficiencies and fan inputs. Figure C-3 includes the 

titles of the air handling units, the room design conditions and system type. Figure C-4 includes 

the AHU coil input page where the coil psychrometric characteristics are detailed and the gains 

due to supply fans and ductwork. The external wall and surface inputs are shown in Figure 

C-6, this is where wall sizes, wall orientations, shading schemes, glazing elements and 

building fabric types are defined. The inputs of these are shown in further figures.
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Figure C-1: Project Location Inputs 
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Figure C-2: Pre-conditioner Inputs 
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Figure C-3: AHU Input Parameters 

 

Figure C-4: AHU Coil Input Parameters 

 

Figure C-5: Room Input Parameters 

 

 



105 | P a g e  
 

 

Figure C-6: External Wall Modelling 
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Figure C-7: External Wall Modelling (Continued) 

 

Figure C-8: Internal Building Loads 
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Figure C-9:Window Inputs 
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Figure C-10: Shading Schemes 
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Figure C-11: Roof Types 
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Figure C-12: Wall Types 
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D Appendix D 

Glazing Calculator 

Figure D-1: Glazing Calculation 
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E Appendix E 

Heat Load Calculation Output 

ACADS BSG Program 

CAMEL 
Version Number 5.11.1 

 

ACADS BSG advises that the program CAMEL is intended to be used only 

by persons who are proficient in its use and application and that these 

results should be verified independently. The results must not be used 

without acceptance of the ACADS-BSG's License Agreement for this program. 

 

 

 

 

 Multi-Purpose Hall - ERV                 
 

INPUT FILE NAME ~C:/USERS/GENE/GOOGLE DRIVE/USQ/ENG4111/HEATLOAD/SYSTEM 1 ERV/R 

 .. 2\THESIS_SYSTEM 1-2_FINAL.DAT 

OUTPUT FILE NAME ~C:/USERS/GENE/GOOGLE DRIVE/USQ/ENG4111/HEATLOAD/SYSTEM 1 ERV/ 

 .. R2\THESIS_SYSTEM 1-2_FINAL.OUT 

 

CALCULATION BUILD NUMBER 5.11.1A      

  

OUTDOOR DESIGN CONDITIONS ~ with ACADS WEATHER DATA FILE (May 2015) for 

Location 32040   TOWNSVILLE AERO                      QLD 

Latitude -19.3 DEG(SOUTH)  Daily Range  6.2  Building Rotation  0.0 

Elevation     4.0 m (from file) 

 

WINTER OUTDOOR DESIGN  12.9 CDB  80.0 RH 

 

TOTAL FLOOR AREA IS   4800.0 m2 

FLOOR AREA SERVED BY CHILLER IS      0.0 m2 

FLOOR AREA SERVED BY PRE-CONDITIONER UNITS 

  ERV                    1600.0 m2 

 

AHU SUMMARY - COOLING 
At Time of Peak Grand Total Heat (GTH) 

___________________________________________________________________________________ 

        TITLE        NO.    S/A    OUT/AIR    GTH   GTSH  COIL ENT  COIL LVG PRECON 

                     OFF    l/s    l/s   %     kW     kW  CDB  CWB  CDB  CWB   NO.  

___________________________________________________________________________________ 

AHU1 - ERV             1  17527  12000  68    532    288 27.1 21.6 13.5 13.1    1  

AHU1 - NO ERV          1  18148  12000  66    772    369 30.7 24.6 13.9 13.6       

AHU1 - NO ERV - Prac   1  32000  12000  37    723    369 27.8 22.9 18.3 17.2       

 PRE-CONDITIONERS WITH HEAT EXCHANGER ONLY 

ERV                              12000 100                                      1 

___________________________________________________________________________________ 

 

AHU SUMMARY COOLING SUPPLEMENTARY DATA 
 Note 1: at time of peak AHU adjusted sensible heat 

      2: increased air quantity or reduced leaving coil CDB are alternatives 

________________________________________________________________________________ 

                       Time      Adj   Time      Adj        <---- REVISED -----> 

    Title              Peak     Sens   Peak     Sens    GTH   AQ    %   Lvg Diff 

                        GTH      kW  Adj Sens    kW     kW   l/s   var  CDB  CDB 

________________________________________________________________________________ 

AHU1 - ERV            3pm Dec  Peak adj. sens. occurs at same time as peak GTH 

AHU1 - NO ERV         3pm Dec  Peak adj. sens. occurs at same time as peak GTH 

AHU1 - NO ERV - Prac  3pm Dec  Peak adj. sens. occurs at same time as peak GTH 

________________________________________________________________________________ 

 

AHU SUMMARY - COOLING CHECK FIGURES and HEATING 
____________________________________________________________________________________ 

        TITLE         %   FLOOR   W/   CH/  l/s/ SHF      HEATING           FAN kW   

                     O/A   AREA   m2   Hr    m2        S/A   O/A   kW     SUP    RET 

____________________________________________________________________________________ 

AHU1 - ERV            68 1600.0  332   5.3  11.0 .54 17527 12000   84.0 10.6 DT      

AHU1 - NO ERV         66 1600.0  483   5.5  11.3 .48 18148 12000    155 10.6 DT      
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AHU1 - NO ERV - Prac  37 1600.0  452   9.7  20.0 .51 32000 12000    155 10.6 DT      

Whole Building        53 4800.0  422   6.9  14.1   (at building peak time:  3pm Dec) 

____________________________________________________________________________________ 

 

COOLING OUTDOOR DESIGN TEMPERATURES (C)                                       
  

         (DB - DRY BULB  WB - WET BULB  MC - MOISTURE CONTENT g/kg)           

                                                                              

         JAN  FEB  MAR  APR  MAY  JUN  JLY  AUG  SEP  OCT  NOV  DEC           

 7AM DB 27.9 27.9 27.9 26.3 24.2 22.6 22.0 23.3 25.2 26.6 27.9 27.9 

     WB 25.5 25.5 25.5 24.4 22.3 20.6 20.1 20.4 22.2 23.5 24.4 25.5 

     MC 19.6 19.6 19.6 18.5 16.1 14.4 13.9 13.8 15.6 16.9 17.9 19.6 

 8AM DB 27.9 27.9 27.9 26.3 24.2 22.6 22.0 23.3 25.2 26.6 27.9 27.9 

     WB 25.5 25.5 25.5 24.4 22.3 20.6 20.1 20.4 22.2 23.5 24.4 25.5 

     MC 19.6 19.6 19.6 18.5 16.1 14.4 13.9 13.8 15.6 16.9 17.9 19.6 

 9AM DB 28.9 28.9 28.9 27.3 25.2 23.6 23.0 24.3 26.2 27.6 28.9 28.9 

     WB 25.7 25.7 25.7 24.7 22.6 20.9 20.4 20.7 22.5 23.7 24.7 25.7 

     MC 19.6 19.6 19.6 18.5 16.1 14.4 13.9 13.8 15.6 16.9 17.9 19.6 

10AM DB 29.2 29.2 29.2 27.6 25.5 23.9 23.3 24.6 26.5 27.9 29.2 29.2 

     WB 25.8 25.8 25.8 24.7 22.6 21.0 20.4 20.7 22.5 23.8 24.7 25.8 

     MC 19.6 19.6 19.6 18.5 16.1 14.4 13.9 13.8 15.6 16.9 17.9 19.6 

11AM DB 30.2 30.2 30.2 28.6 26.5 24.9 24.3 25.6 27.5 28.9 30.2 30.2 

     WB 26.0 26.0 26.0 25.0 22.9 21.3 20.7 21.1 22.8 24.1 25.0 26.0 

     MC 19.6 19.6 19.6 18.5 16.1 14.4 13.9 13.8 15.6 16.9 17.9 19.6 

NOON DB 30.4 30.4 30.4 28.8 26.7 25.1 24.5 25.8 27.7 29.1 30.4 30.4 

     WB 26.1 26.1 26.1 25.0 23.0 21.3 20.8 21.1 22.9 24.1 25.0 26.1 

     MC 19.6 19.6 19.6 18.5 16.1 14.4 13.9 13.8 15.6 16.9 17.9 19.6 

 1PM DB 31.4 31.4 31.4 29.8 27.7 26.1 25.5 26.8 28.7 30.1 31.4 31.4 

     WB 26.3 26.3 26.3 25.3 23.3 21.6 21.1 21.4 23.1 24.4 25.3 26.3 

     MC 19.6 19.6 19.6 18.5 16.1 14.4 13.9 13.8 15.6 16.9 17.9 19.6 

 2PM DB 32.4 32.4 32.4 30.8 28.7 27.1 26.5 27.8 29.7 31.1 32.4 32.4 

     WB 26.6 26.6 26.6 25.6 23.5 21.9 21.4 21.7 23.4 24.6 25.6 26.6 

     MC 19.6 19.6 19.6 18.5 16.1 14.4 13.9 13.8 15.6 16.9 17.9 19.6 

 3PM DB 33.4 33.4 33.4 31.8 29.7 28.1 27.5 28.8 30.7 32.1 33.4 33.4 

     WB 26.8 26.8 26.8 25.8 23.8 22.2 21.7 22.0 23.7 24.9 25.8 26.8 

     MC 19.6 19.6 19.6 18.5 16.1 14.4 13.9 13.8 15.6 16.9 17.9 19.6 

 4PM DB 32.4 32.4 32.4 30.8 28.7 27.1 26.5 27.8 29.7 31.1 32.4 32.4 

     WB 26.6 26.6 26.6 25.6 23.5 21.9 21.4 21.7 23.4 24.6 25.6 26.6 

     MC 19.6 19.6 19.6 18.5 16.1 14.4 13.9 13.8 15.6 16.9 17.9 19.6 

 5PM DB 32.2 32.2 32.2 30.6 28.5 26.9 26.3 27.6 29.5 30.9 32.2 32.2 

     WB 26.5 26.5 26.5 25.5 23.5 21.8 21.3 21.6 23.4 24.6 25.5 26.5 

     MC 19.6 19.6 19.6 18.5 16.1 14.4 13.9 13.8 15.6 16.9 17.9 19.6 

 

 

AHU   2    AHU1 - NO ERV        
 

  Type ~ Single Zone H & C                                 No. Off ~  1 

  Temperature Control ~ Return Air 

 

  Connected to ~ Chiller No   Boiler  No 

  Floor Area ~  1600 m2   Volume ~11840.0 m3   Average Ceiling Height ~ 7400. mm 

 

AHU COOLING LOAD SUMMARY                        
 DESIGN COOLING LOAD IS     772 kW AT  3PM DEC 
 DESIGN COOLING LOAD IS AT PEAK AHU GTH                                      

 AHU OPERATING HOURS  7AM TO  5PM. CALCS BASED ON 12 HOURS OPERATION FROM 6AM 

                                                     CDB      CWB     g/kg  %RH 

 GTSH            369 kW          AVERAGE ROOM AIR   24.0     19.3    12.03 64.4 

 GTLH            403 kW          AHU O/A            33.4     26.8    19.60      

 AHU SH FACT    0.48                                                            

 SUPPLY AIR    18148 l/s         COIL DEW POINT     12.0 (N)          8.74      

 AHU O/A       12000 l/s         COIL LEAVING AIR   13.9     13.6     9.57      

 DEHUMID AIR   18148 l/s         COIL ENTERING AIR  30.7     24.6    17.03      

 AIR ch/hr       5.5             RETURN AIR         25.4     19.7    12.03      

 l/s/m2         11.3             AVERAGE ROOM ENT.  14.3     13.7     9.56      

 l/s/kW         23.5             BYPASS FACTOR      0.10                        

 W/m2            483             MIX R/A AND O/A    30.7     24.6    17.03      

                                                                                

NOTE : (N) MEANS NOMINATED VALUE USED 

                                                                              

AHU COOLING LOAD CHART AT MAXIMUM LOAD  3PM DEC                               
AHU OPERATING HOURS  7AM TO  5PM. CALCS BASED ON 12 HOURS OPERATION FROM 6AM 

 

ACCUMULATED ZONE/ROOM ADJUSTED HEAT                                           

    S/F DRAW THRU                               5.0% 211826 =  10591          
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    ADJUSTED ROOM SENSIBLE                                  = 211826          

    ADJUSTED ROOM LATENT                                    = 133035          

                                                             ________________ 

                                        ADJUSTED TOTAL HEAT =        355452   

OTHER GAINS                                                                   

 

    O/A SENSIBLE                 12000 l/s    9.4 CDB  1.21 = 136424          

    O/A LATENT                   12000 l/s   7.6 g/kg  2.97 = 269635          

    RETURN DUCT HEAT GAIN AND LEAKAGE LOSS             5.0% =  10591          

                                                             ________________ 

                                          TOTAL OTHER GAINS =        416650   

                                                                    _________ 

                                   COOLING GRAND TOTAL HEAT =        772103   

                          COOLING GRAND TOTAL SENSIBLE HEAT =        369432   

                            COOLING GRAND TOTAL LATENT HEAT =        402670   

 

AHU HEATING LOAD CHART & SUMMARY 
 

 SENSIBLE  

 

 FABRIC LOAD                                 =   38.7 kW 

 WARM UP (  8.8% = 10.00% x  0.92 x  0.96)   =   3.41 kW 

  

 OUTDOOR AIR   12000 l/s x  7.10 CDB x 1.21  =    103 kW 

 WARM UP (  9.6% = 10.00% x  0.96)           =   9.87 kW 

 TOTAL AHU HEATING LOAD (EXCL. HUMIDIFIER)   =    155 kW 

 

 LATENT  

 

 INFILTRATION   3289. l/s x-0.14 g/kg x 2.97 =  -1.32 KW 

 AHU O/A       12000. l/s x-0.14 g/kg x 2.97 =  -4.83 KW 

                                              _______ 

                             HUMIDIFIER LOAD =   0.00 KW (0 g/min water) 

 

 SUPPLY AIR    18148 l/s         ROOM AIR           20.0 CDB 50.0%RH  13.8 CWB 

 AHU O/A       12000 l/s         OUTDOOR AIR        12.9 CDB 80.0%RH           

 W/m2             97             RETURN AIR         20.0 CDB                   

 W/m3           13.1             COIL LEAVING AIR   22.4 CDB                   

                                 COIL ENTERING AIR  15.3 CDB                   

 

AHU   3    AHU1 - NO ERV - Prac 
 

  Type ~ Single Zone H & C                                 No. Off ~  1 

  Temperature Control ~ Return Air 

 

  Connected to ~ Chiller No   Boiler  No 

  Floor Area ~  1600 m2   Volume ~11840.0 m3   Average Ceiling Height ~ 7400. mm 

 

AHU COOLING LOAD SUMMARY                        
 DESIGN COOLING LOAD IS     723 kW AT  3PM DEC 
 DESIGN COOLING LOAD IS AT PEAK AHU GTH                                      

 AHU OPERATING HOURS  7AM TO  5PM. CALCS BASED ON 12 HOURS OPERATION FROM 6AM 

                                                     CDB      CWB     g/kg  %RH 

 GTSH            369 kW          AVERAGE ROOM AIR   24.0     20.1    13.09 70.0 

 GTLH            354 kW          AHU O/A            33.4     26.8    19.60      

 AHU SH FACT    0.51                                                            

 SUPPLY AIR    32000 l/s (N)     COIL DEW POINT     14.6             10.38      

 AHU O/A       12000 l/s         COIL LEAVING AIR   18.3     17.2    11.81      

 DEHUMID AIR   32000 l/s         COIL ENTERING AIR  27.8     22.9    15.53      

 AIR ch/hr       9.7             RETURN AIR         24.4     20.2    13.09      

 l/s/m2         20.0             AVERAGE ROOM ENT.  18.5     17.3    11.81      

 l/s/kW         44.2             BYPASS FACTOR      0.28                        

 W/m2            452             MIX R/A AND O/A    27.8     22.9    15.53      

                                                                                

NOTE : (N) MEANS NOMINATED VALUE USED 

                                                                              

AHU COOLING LOAD CHART AT MAXIMUM LOAD  3PM DEC                               
AHU OPERATING HOURS  7AM TO  5PM. CALCS BASED ON 12 HOURS OPERATION FROM 6AM 

 

ACCUMULATED ZONE/ROOM ADJUSTED HEAT                                           

    S/F DRAW THRU                               5.0% 211826 =  10591          

    ADJUSTED ROOM SENSIBLE                                  = 211826          

    ADJUSTED ROOM LATENT                                    = 122101          

                                                             ________________ 

                                        ADJUSTED TOTAL HEAT =        344518   
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OTHER GAINS                                                                   

 

    O/A SENSIBLE                 12000 l/s    9.4 CDB  1.21 = 136424          

    O/A LATENT                   12000 l/s   6.5 g/kg  2.97 = 231639          

    RETURN DUCT HEAT GAIN AND LEAKAGE LOSS             5.0% =  10591          

                                                             ________________ 

                                          TOTAL OTHER GAINS =        378655   

                                                                    _________ 

                                   COOLING GRAND TOTAL HEAT =        723173   

                          COOLING GRAND TOTAL SENSIBLE HEAT =        369432   

                            COOLING GRAND TOTAL LATENT HEAT =        353740   

 

AHU HEATING LOAD CHART & SUMMARY 
 

 SENSIBLE  

 

 FABRIC LOAD                                 =   38.7 kW 

 WARM UP (  8.8% = 10.00% x  0.92 x  0.96)   =   3.41 kW 

  

 OUTDOOR AIR   12000 l/s x  7.10 CDB x 1.21  =    103 kW 

 WARM UP (  9.6% = 10.00% x  0.96)           =   9.87 kW 

 TOTAL AHU HEATING LOAD (EXCL. HUMIDIFIER)   =    155 kW 

 

 LATENT  

 

 INFILTRATION   3289. l/s x-0.14 g/kg x 2.97 =  -1.32 KW 

 AHU O/A       12000. l/s x-0.14 g/kg x 2.97 =  -4.83 KW 

                                              _______ 

                             HUMIDIFIER LOAD =   0.00 KW (0 g/min water) 

 

 SUPPLY AIR    32000 l/s         ROOM AIR           20.0 CDB 50.0%RH  13.8 CWB 

 AHU O/A       12000 l/s         OUTDOOR AIR        12.9 CDB 80.0%RH           

 W/m2             97             RETURN AIR         20.0 CDB                   

 W/m3           13.1             COIL LEAVING AIR   21.3 CDB                   

                                 COIL ENTERING AIR  17.3 CDB                   

OUTSIDE AIR SUMMARY 
 

_______________________________________________________________________________________ 

                            FLOOR  NO. :      OUTDOOR AIR     :      :  OUTDOOR AIR   : 

AHU ZONE       TITLE         AREA  OF  :    ENTERED      TOTAL:  S/A :   AHU    DIRECT: 

 NO  NO                       m2  PERS.:UNIT VALUE   l/s   %  :  l/s : %   l/s    l/s : 

_______________________________________________________________________________________ 

  2     AHU1 - NO ERV        16001600.0:                   66 : 18148: 66 12000       : 

      1 Room No 1            16001600.0: LP    7.5  12000  66 : 18148: 66 12000       : 

_______________________________________________________________________________________ 

  3     AHU1 - NO ERV - Prac 16001600.0:                   37 : 32000: 37 12000       : 

      1 Room No 1            16001600.0: LP    7.5  12000  37 : 32000: 37 12000       : 

_______________________________________________________________________________________ 

Legend: LP(l/s/person), LM(l/m2), AC(A.C./hr) & LS(l/s) 

 

 

 

ZONES AND ROOMS COOLING RESULTS  
(excluding Outside Air and Return Duct Gains) 

______________________________________________________________________________ 

                            NO.   ADJUSTED        VAV   AHU  RE-    ROOM COND  

AHU ZON       TITLE         OFF  SENS  LAT   S/A  TURN  O/A  HEAT   DB   DB  % 

 NO NO                       #    kW    kW   l/s  DWN%  l/s   kW   MIN  MAX RH 

______________________________________________________________________________ 

  1    AHU1 - ERV            1   222   135  17527      12000      24.0      63 

______________________________________________________________________________ 

  2    AHU1 - NO ERV         1   222   133  18148      12000      24.0      64 

______________________________________________________________________________ 

  3    AHU1 - NO ERV - Prac  1   222   122  32000      12000      24.0      70 

______________________________________________________________________________ 

Note 1~ The room S/A is proportion of the zone air quantity at zone peak 

Note 2~ The ROOM MIN/MAX is a rough estimate of the room temperature variation. 

Note 3~ The ROOM maximum sensible heat may be greater than the AHU sensible heat. 

 

ZONES AND ROOMS COOLING CHECK FIGURES 
(uses adjusted sensible for l/s/kW and W/m2) 

___________________________________________________________________________________ 

AHU ZONE                     FLOOR   VOL        MIN   l/s/  l/s/  TIME OF       AQ  

 NO  NO       TITLE           AREA    m3 CH/hr CH/hr   m2    kW    PEAK    W/m2 MUL 

___________________________________________________________________________________ 
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  1     AHU1 - ERV            1600 11840  5.3         11.0  78.8  3PM DEC  139 1.00 

___________________________________________________________________________________ 

  2     AHU1 - NO ERV         1600 11840  5.5         11.3  81.6  3PM DEC  139 1.00 

___________________________________________________________________________________ 

  3     AHU1 - NO ERV - Prac  1600 11840  9.7         20.0 143.9  3PM DEC  139 1.00 

___________________________________________________________________________________ 

Note 1~ Values are at peak times except room CH/Hr and l/s/m2 is at zone peak. 

Note 2~ The zone air quantities are distributed to the rooms in the ratio of  

        the room floor areas or in the ratio of the room peak sensible loads. 

Note 3~ Air change rates with an asterisk have reached either the user entered 

        minimum (airchange, l/s/m2 or l/s) or outdoor air, whichever is the greater. 

Note 4~ AQ MUL greater than unity indicates that the design air quantities  

        have been increased to satisfy room minimums. The room with the  

        largest AQ MUL has the most effect. 

ZONES AND ROOMS COMBINED RESULTS 
_________________________________________________________________________________________ 

                        <--------------------COOLING--------------------------> 

             FLOOR No                       SUPPLY AIR <---OUTSIDE AIR---> Lvg 

AHU ZON ROOM AREA  of      GTH    ADJ SENS        per         per per  %of Coil  HEATING 

 NO  NO  No    M2 PEOP   kW W/m2  kW  W/m2   l/s   m2   l/s    m2 PERS S.A CDB   kW  W/m2 

_________________________________________________________________________________________ 

  1         AHU1 - ERV 

             1600 1600   532 332   222 139 17527 11.0 12000  7.50  7.5  68 13.5  84.0  52 

_________________________________________________________________________________________ 

  2         AHU1 - NO ERV 

             1600 1600   772 483   222 139 18148 11.3 12000  7.50  7.5  66 13.9   155  97 

_________________________________________________________________________________________ 

  3         AHU1 - NO ERV - Prac 

             1600 1600   723 452   222 139 32000 20.0 12000  7.50  7.5  37 18.3   155  97 

_________________________________________________________________________________________ 

 

AHU 1 AHU1 - ERV, Zone 1, Rm 1 Room No 1            
 

ROOM COOLING LOAD CHART AT               3PM DEC                                
(SUN POSITION ~ ALTITUDE = 47.8  AZIMUTH =256.0) 

AHU OPERATING HOURS  7AM TO  5PM. CALCS BASED ON 12 HOURS OPERATION FROM 6AM 

 

 SOLAR GAIN GLASS  ( 291 kg/m2. Modified storage load factors used)             
 

                                   FRAME                                        

 No        SUN  EXPOSE   AREA GAIN S.FAC DEW STOR SHADE ROOM    WATTS           

 _______________________________________________________________________________ 

 #1        OFF     0.0  18.90   47 1.10 0.94 1.90 0.36  100% =    630            

 #1 +W1    OFF     0.0  41.76   47 1.10 0.94 1.90 0.36  100% =   1391            

 #4        SHADE 180.0  18.90  142 1.10 0.94 .629 0.36  100% =    630            

 #4 +W1    ON    180.0  27.00  142 1.10 0.94 .629 0.36  100% =    899            

 #4 +W1    SHADE 180.0  14.76  142 1.10 0.94 .629 0.36  100% =    492            

 

 SOLAR AND TRANSMISSION GAINS WALLS AND ROOFS (Using light wt roof data)        
 

 No        SUN  EXPOSE S.DENS ABS   AREA T-DIFF UVALUE  ROOM                    

 _______________________________________________________________________________ 

 #1        OFF     0.0 (219 0.55) 193.14    9.8   0.33  100% =    614            

 #2        ON    270.0 (219 0.55) 239.26   14.1   0.33  100% =   1097            

 #2        SHADE 270.0 (219 0.55)  38.24   10.4   0.33  100% =    130            

 #3        OFF    90.0 (219 0.55) 277.50    9.8   0.33  100% =    889            

 #4        ON    180.0 (219 0.55)  56.56   10.2   0.33  100% =    189            

 #4        SHADE 180.0 (219 0.55) 136.58    9.6   0.33  100% =    428            

 #5              SUN   ( 21 0.55)1600.00   32.7   0.27  100% =  14186            

 

 TRANSMISSION GAIN EXCEPT WALLS AND ROOFS                                       
 

 No        ITEM                     AREA T-DIFF UVALUE  ROOM                    

 _______________________________________________________________________________ 

 #1        GLASS                   18.90    9.4   3.60  100% =    640            

 #1 +W1    GLASS                   41.76    9.4   3.60  100% =   1413            

 #4        GLASS                   18.90    9.4   3.60  100% =    640            

 #4 +W1    GLASS                   41.76    9.4   3.60  100% =   1413            

           INFILTRATION            3289.    9.4   1.21       =  37390            

 

 INTERNAL HEAT GAIN                                                             
     PEOPLE (ACTIV = 1)                  1600.0    67.  100% = 107200            

     LIGHTS (FLE  291 kg/m2)      1600.0  15.00  0.98   100% =  23470            

     APPLIANCES                             8.0  1000.  100% =   8000            
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                                        SAFETY FACTOR   5.0% =  10087            

                                                              __________________ 

                                          ROOM SENSIBLE HEAT = 211826           

 

                                                                ________________ 

      ADJUSTED ROOM SENSIBLE HEAT (EXCL. FAN DRAW THRU HEAT) =         211826   

 

 LATENT HEAT GAIN                                                               
 

     INFILTRATION                          3289    7.8  2.97 =  75693            

     PEOPLE (ACTIV = 1)                  1600.0    33.  100% =  52800            

                                        SAFETY FACTOR   5.0% =   6425            

                                                                ________________ 

                                            ROOM LATENT HEAT = 134918           

 

                                                                ________________ 

                                   ADJUSTED ROOM LATENT HEAT =         134918   
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F Appendix F 

Equipment Specifications and manufacturers literature. 

ERV – System 1 
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No ERV – System 2 
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G Appendix G 

Manufacturers Literature – Air Grilles 

Supply Air Grilles 
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Return Air Grilles 
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H Appendix H 

Energy Analysis Output 

ERV – System 1 

 

 

 

 

ACADS BSG Program 

BEAVER SYSTEMS 
Version Number  7.11.1 

 

ACADS BSG advises that the program BEAVER is intended to be used only 

by persons who are proficient in its use and application and that these 

results should be verified independently. The results must not be used 

without acceptance of the ACADS-BSG's License Agreement for this program. 

 

BEAVER has been successfully validated against BESTEST. The conclusions 

obtained are listed in the User Guide 

 

CALCULATION BUILD NUMBER 7.11.1BU 

 

 

 

Project Data 
 

PROJECT NAME      Multi-Purpose Hall - ERV 

PROJECT LOCATION 

PROJECT NUMBER 

BUILDING NAME     Multi-Purpose Hall - ERV 

ADDRESS 

LOADS RUN DESC. 

 

SYSTEMS TITLE 

 

SYSTEMS RUN DESC. 

FIRM NAME 

PROJECT ENGINEER 

DATE               2 SEP 2019 

RATING SCHEME (LOADS)  :  BCA Class 9b School                               2010-2013 

RATING SCHEME (SYSTEMS):  BCA Class 9b School                               2010-2012 

 Weather Data Location 

  Weather Station No. - 94294              Site No. -     1 

  TOWNSVILLE                               TOWNSVILLE 

 Weather file name: TOWNSVILLE1986_TRY.SWF 

 

 Weather Data Period                      Energy Source 

  Weather Year  - 1986                     Heating      - ELEC.M.METER 

  Starting Date - JAN  1                   Radiation    - ELEC.M.METER 

  Ending Date   - DEC 31                   Re-heat      - ELEC.M.METER 

                                           Pre-Heating  - ELEC.M.METER 

 

 Electric Heating Schedules               Electric Radiation 

  Starting Date - JAN  1                   TURN ON Temp.  10.0 

  Ending Date   - DEC 31 

 

WARNING MESSAGES 
  

 System 601 ERV                  

   Sub-metering - unitary sub-meter assignments not allowed for non unitary system 
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SUMMARY OF ENERGY 
                          kWhr                  MJ                         % 

                         ______              _______                      ____ 

Lighting                  61559               221613                      16.8 

Equipment                 19683                70857                       5.4 

Unitary Cooling          220365               793312                      60.2 

Unitary Heating              63                  226                       0.0 

Unitary Fans              64237               231253                      17.6 

                        _______             ________                      ____ 

TOTAL                    365902              1317246 

per square metre            229                  823 

project floor area (m2)        1600 

Condensate total (kl)           136 

 

Summary of Lighting, Equipment and Process Energy Use 

_______________________________________________________________ 

                                           Energy    Energy 

      Description                           kWhr     Source 

________________________________________ _________ ____________ 

LIGHTING L1                                 61559  ELECTRICITY 

EQUIPMENT E1                                19683  ELECTRICITY 

_______________________________________________________________ 

 

 

 

 

 

Master Meter Energy Report 
 

          ELECTRICITY          GAS             STEAM          TOTAL 

 

         Peak    Total    Peak    Total    Peak    Total       Monthly 

        Hourly  Monthly  Hourly  Monthly  Hourly  Monthly 

          kW       kWhr  Cub. m   Cub. m    kgs      kgs         kWhr 

       ______   ______  ______   ______  ______   ______     _________ 

JAN       198.    38219      0.        0      0.        0         38219 

FEB       216.    34352      0.        0      0.        0         34352 

MAR       174.    32676      0.        0      0.        0         32676 

APR       170.    31541      0.        0      0.        0         31541 

MAY       165.    28532      0.        0      0.        0         28532 

JUN       145.    23152      0.        0      0.        0         23152 

JUL       157.    25647      0.        0      0.        0         25647 

AUG       153.    23142      0.        0      0.        0         23142 

SEP       168.    27848      0.        0      0.        0         27848 

OCT       173.    33451      0.        0      0.        0         33451 

NOV       179.    29427      0.        0      0.        0         29427 

DEC       208.    37914      0.        0      0.        0         37914 

              ________         ________         ________     _________ 

Total Energy     365901                0                0        365902 

Per Sq.m.          229                0                0           229 

 

                      Floor Area for kW/m2 =  1600. m2 

                    Conditioned Floor Area =  1600. m2 

 

 

 

Sub-Meters Energy Report 
 

      METER NO  1  ELECTRIC    METER NO  2  ELECTRIC    METER NO  3  ELECTRIC 

        UNITARY HEATING          UNITARY COOLING          UNITARY AUXILIARY 

      Peak Hourly    Total     Peak Hourly    Total     Peak Hourly    Total 

        Demand      Monthly      Demand      Monthly      Demand      Monthly 

      kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr 

      ____ ______   _______    ____ ______   _______    ____ ______   _______ 

JAN   0.00  0  0          0  143.47 15 12      25444    0.00  0  0          0 

FEB   0.00  0  0          0  160.58  6 15      23204    0.00  0  0          0 

MAR   0.00  0  0          0  119.49  5 12      20909    0.00  0  0          0 

APR   0.00  0  0          0  115.06 25 12      19308    0.00  0  0          0 

MAY   0.00  0  0          0  109.76  8 12      16260    0.00  0  0          0 

JUN  84.00 16  8          1   90.12  9 12      11422    0.00  0  0          0 

JUL  84.00 10  8         31  101.89 17 15      12841    0.00  0  0          0 

AUG  84.00  6  8         31   97.54 26 12      11343    0.00  0  0          0 

SEP   0.00  0  0          0  113.28 22 12      15615    0.00  0  0          0 

OCT   0.00  0  0          0  117.56 22 12      20676    0.00  0  0          0 

NOV   0.00  0  0          0  124.36 18 11      18202    0.00  0  0          0 
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DEC   0.00  0  0          0  152.94 23 12      25139    0.00  0  0          0 

                   ________                 ________                 ________ 

Total Energy             63                   220365                        0 

Per Sq.m.               0.0                    137.7                      0.0 

 

      METER NO  4  ELECTRIC    METER NO  5  ELECTRIC    METER NO  6  ELECTRIC 

        UNITARY    FAN           AHU Fans                 AHU Aux 

      Peak Hourly    Total     Peak Hourly    Total     Peak Hourly    Total 

        Demand      Monthly      Demand      Monthly      Demand      Monthly 

      kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr 

      ____ ______   _______    ____ ______   _______    ____ ______   _______ 

JAN  24.61  1  8       5661    0.00  0  0          0    0.00  0  0          0 

FEB  24.61  3  8       4922    0.00  0  0          0    0.00  0  0          0 

MAR  24.61  3  8       5168    0.00  0  0          0    0.00  0  0          0 

APR  24.61  1  8       5414    0.00  0  0          0    0.00  0  0          0 

MAY  24.61  1  8       5414    0.00  0  0          0    0.00  0  0          0 

JUN  24.61  2  8       5168    0.00  0  0          0    0.00  0  0          0 

JUL  24.61  1  8       5661    0.00  0  0          0    0.00  0  0          0 

AUG  24.61  1  8       5168    0.00  0  0          0    0.00  0  0          0 

SEP  24.61  1  8       5414    0.00  0  0          0    0.00  0  0          0 

OCT  24.61  1  8       5661    0.00  0  0          0    0.00  0  0          0 

NOV  24.61  3  8       4922    0.00  0  0          0    0.00  0  0          0 

DEC  24.61  1  8       5661    0.00  0  0          0    0.00  0  0          0 

                   ________                 ________                 ________ 

Total Energy          64235                        0                        0 

Per Sq.m.              40.2                      0.0                      0.0 

 

      METER NO  7  ELECTRIC    METER NO  8  ELECTRIC 

        All Lights               All equipment 

      Peak Hourly    Total     Peak Hourly    Total 

        Demand      Monthly      Demand      Monthly 

      kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr 

JAN  22.80  1 10       5391    7.60  1 10       1723 

FEB  22.80  3 10       4718    7.60  3 10       1509 

MAR  22.80  3 10       5000    7.60  3 10       1599 

APR  22.80  1 10       5166    7.60  1 10       1652 

MAY  22.80  1 10       5195    7.60  1 10       1661 

JUN  22.80  2 10       4971    7.60  2 10       1590 

JUL  22.80  1 10       5391    7.60  1 10       1723 

AUG  22.80  1 10       5000    7.60  1 10       1599 

SEP  22.80  1 10       5166    7.60  1 10       1652 

OCT  22.80  1 10       5391    7.60  1 10       1723 

NOV  22.80  3 10       4775    7.60  3 10       1528 

DEC  22.80  1 10       5391    7.60  1 10       1723 

                   ________                 ________ 

Total Energy          61555                    19683 

Per Sq.m.              38.5                     12.3 

 

 

 

 

 

 

 

 

Master Meter Energy Report 
 

          ELECTRICITY          GAS             STEAM          TOTAL 

 

         Peak    Total    Peak    Total    Peak    Total       Monthly 

        Hourly  Monthly  Hourly  Monthly  Hourly  Monthly 

          kW       kWhr  Cub. m   Cub. m    kgs      kgs         kWhr 

       ______   ______  ______   ______  ______   ______     _________ 

JAN       198.    38219      0.        0      0.        0         38219 

FEB       216.    34352      0.        0      0.        0         34352 

MAR       174.    32676      0.        0      0.        0         32676 

APR       170.    31541      0.        0      0.        0         31541 

MAY       165.    28532      0.        0      0.        0         28532 

JUN       145.    23152      0.        0      0.        0         23152 

JUL       157.    25647      0.        0      0.        0         25647 

AUG       153.    23142      0.        0      0.        0         23142 

SEP       168.    27848      0.        0      0.        0         27848 

OCT       173.    33451      0.        0      0.        0         33451 

NOV       179.    29427      0.        0      0.        0         29427 

DEC       208.    37914      0.        0      0.        0         37914 

              ________         ________         ________     _________ 
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Total Energy     365901                0                0        365902 

Per Sq.m.          229                0                0           229 

 

                      Floor Area for kW/m2 =  1600. m2 

                    Conditioned Floor Area =  1600. m2 

 

 

 

Sub-Meters Energy Report 
 

      METER NO  1  ELECTRIC    METER NO  2  ELECTRIC    METER NO  3  ELECTRIC 

        UNITARY HEATING          UNITARY COOLING          UNITARY AUXILIARY 

      Peak Hourly    Total     Peak Hourly    Total     Peak Hourly    Total 

        Demand      Monthly      Demand      Monthly      Demand      Monthly 

      kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr 

      ____ ______   _______    ____ ______   _______    ____ ______   _______ 

JAN   0.00  0  0          0  143.47 15 12      25444    0.00  0  0          0 

FEB   0.00  0  0          0  160.58  6 15      23204    0.00  0  0          0 

MAR   0.00  0  0          0  119.49  5 12      20909    0.00  0  0          0 

APR   0.00  0  0          0  115.06 25 12      19308    0.00  0  0          0 

MAY   0.00  0  0          0  109.76  8 12      16260    0.00  0  0          0 

JUN  84.00 16  8          1   90.12  9 12      11422    0.00  0  0          0 

JUL  84.00 10  8         31  101.89 17 15      12841    0.00  0  0          0 

AUG  84.00  6  8         31   97.54 26 12      11343    0.00  0  0          0 

SEP   0.00  0  0          0  113.28 22 12      15615    0.00  0  0          0 

OCT   0.00  0  0          0  117.56 22 12      20676    0.00  0  0          0 

NOV   0.00  0  0          0  124.36 18 11      18202    0.00  0  0          0 

DEC   0.00  0  0          0  152.94 23 12      25139    0.00  0  0          0 

                   ________                 ________                 ________ 

Total Energy             63                   220365                        0 

Per Sq.m.               0.0                    137.7                      0.0 

 

      METER NO  4  ELECTRIC    METER NO  5  ELECTRIC    METER NO  6  ELECTRIC 

        UNITARY    FAN           AHU Fans                 AHU Aux 

      Peak Hourly    Total     Peak Hourly    Total     Peak Hourly    Total 

        Demand      Monthly      Demand      Monthly      Demand      Monthly 

      kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr 

      ____ ______   _______    ____ ______   _______    ____ ______   _______ 

JAN  24.61  1  8       5661    0.00  0  0          0    0.00  0  0          0 

FEB  24.61  3  8       4922    0.00  0  0          0    0.00  0  0          0 

MAR  24.61  3  8       5168    0.00  0  0          0    0.00  0  0          0 

APR  24.61  1  8       5414    0.00  0  0          0    0.00  0  0          0 

MAY  24.61  1  8       5414    0.00  0  0          0    0.00  0  0          0 

JUN  24.61  2  8       5168    0.00  0  0          0    0.00  0  0          0 

JUL  24.61  1  8       5661    0.00  0  0          0    0.00  0  0          0 

AUG  24.61  1  8       5168    0.00  0  0          0    0.00  0  0          0 

SEP  24.61  1  8       5414    0.00  0  0          0    0.00  0  0          0 

OCT  24.61  1  8       5661    0.00  0  0          0    0.00  0  0          0 

NOV  24.61  3  8       4922    0.00  0  0          0    0.00  0  0          0 

DEC  24.61  1  8       5661    0.00  0  0          0    0.00  0  0          0 

                   ________                 ________                 ________ 

Total Energy          64235                        0                        0 

Per Sq.m.              40.2                      0.0                      0.0 

 

      METER NO  7  ELECTRIC    METER NO  8  ELECTRIC 

        All Lights               All equipment 

      Peak Hourly    Total     Peak Hourly    Total 

        Demand      Monthly      Demand      Monthly 

      kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr 

JAN  22.80  1 10       5391    7.60  1 10       1723 

FEB  22.80  3 10       4718    7.60  3 10       1509 

MAR  22.80  3 10       5000    7.60  3 10       1599 

APR  22.80  1 10       5166    7.60  1 10       1652 

MAY  22.80  1 10       5195    7.60  1 10       1661 

JUN  22.80  2 10       4971    7.60  2 10       1590 

JUL  22.80  1 10       5391    7.60  1 10       1723 

AUG  22.80  1 10       5000    7.60  1 10       1599 

SEP  22.80  1 10       5166    7.60  1 10       1652 

OCT  22.80  1 10       5391    7.60  1 10       1723 

NOV  22.80  3 10       4775    7.60  3 10       1528 

DEC  22.80  1 10       5391    7.60  1 10       1723 

                   ________                 ________ 

Total Energy          61555                    19683 

Per Sq.m.              38.5                     12.3 
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No ERV – System 2 

 

 

 

 

ACADS BSG Program 

BEAVER SYSTEMS 
Version Number  7.11.1 

 

ACADS BSG advises that the program BEAVER is intended to be used only 

by persons who are proficient in its use and application and that these 

results should be verified independently. The results must not be used 

without acceptance of the ACADS-BSG's License Agreement for this program. 

 

BEAVER has been successfully validated against BESTEST. The conclusions 

obtained are listed in the User Guide 

 

CALCULATION BUILD NUMBER 7.11.1BU 

 

 

 

Project Data 
 

PROJECT NAME      Multi-Purpose Hall - ERV 

PROJECT LOCATION 

PROJECT NUMBER 

BUILDING NAME     Multi-Purpose Hall - ERV 

ADDRESS 

LOADS RUN DESC. 

 

SYSTEMS TITLE 

 

SYSTEMS RUN DESC. 

FIRM NAME 

PROJECT ENGINEER 

DATE               1 SEP 2019 

RATING SCHEME (LOADS)  :  BCA Class 9b School                               2010-2013 

RATING SCHEME (SYSTEMS):  BCA Class 9b School                               2010-2012 

 Weather Data Location 

  Weather Station No. - 94294              Site No. -     1 

  TOWNSVILLE                               TOWNSVILLE 

 Weather file name: TOWNSVILLE1986_TRY.SWF 

 

 Weather Data Period                      Energy Source 

  Weather Year  - 1986                     Heating      - ELEC.M.METER 

  Starting Date - JAN  1                   Radiation    - ELEC.M.METER 

  Ending Date   - DEC 31                   Re-heat      - ELEC.M.METER 

                                           Pre-Heating  - ELEC.M.METER 

 

 Electric Heating Schedules               Electric Radiation 

  Starting Date - JAN  1                   TURN ON Temp.  10.0 

  Ending Date   - DEC 31 

 

 

SUMMARY OF ENERGY 
                          kWhr                  MJ                         % 

                         ______              _______                      ____ 

Lighting                  61559               221613                      15.5 

Equipment                 19683                70857                       4.9 

Unitary Cooling          284065              1022634                      71.3 

Unitary Heating             448                 1613                       0.1 

Unitary Fans              32611               117401                       8.2 
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                        _______             ________                      ____ 

TOTAL                    398364              1434110 

per square metre            249                  896 

project floor area (m2)        1600 

Condensate total (kl)           168 

 

Summary of Lighting, Equipment and Process Energy Use 

_______________________________________________________________ 

                                           Energy    Energy 

      Description                           kWhr     Source 

________________________________________ _________ ____________ 

LIGHTING L1                                 61559  ELECTRICITY 

EQUIPMENT E1                                19683  ELECTRICITY 

_______________________________________________________________ 

 

 

Maximum Loads Report 
 

              No Times                      Last 

     SYSTEM     Loads   Maximum Instal'd Occurence   Outside Cond.     Cap 

     ID Type   Not Met   Demand Capacity Mo Day Hr DB(C) WB(C) Enth.  Avail 

    ___ ____   _______  ________ _______ _________ _____ _____ _____ _______ 

 

   Any difference between Cap Avail and Installed Capacity is due to scheduling, 

   derating from insufficient chiller or heating plant capacity or re-rating for 

   VRF units due to ambient and space conditions. 

 

Cooling Coil               (kW)    (kW) 

      1   2        0      621.7    722.0  2/ 6/15  31.1  28.2  91.12 

 

Heating Coil               (kW)    (kW) 

      1   2        0       89.0    155.0  8/ 6/ 8  15.1   7.6  23.76 

 

Component Peak Hourly and Total Monthly Loads for: 
SYSTEM No.   1        Title - AHU1 - NO ERV -               No Off   1 Package 
 Type  2 Constant Volume Single Zone Heating and Cooling 
        Cooling         Heating         Radiation       Re-Heat      Condensate 

      Peak   Total    Peak   Total    Peak   Total    Peak   Total   Peak  Total 

       kW    kWhrs     kW    kWhrs     kW    kWhrs     kW    kWhrs   l/hr    kl 

      _____________   _____________   _____________   _____________  ___________ 

JAN  522.5    76260    0.0        0    0.0        0    0.0        0  377  42.247 

FEB  621.7    73286    0.0        0    0.0        0    0.0        0  526  44.146 

MAR  399.1    52813    0.0        0    0.0        0    0.0        0  298  17.484 

APR  345.8    42641    0.0        0    0.0        0    0.0        0  265   9.887 

MAY  312.7    33553    0.0        0    0.0        0    0.0        0  180   6.563 

JUN  173.8    19643   42.4      114    0.0        0    0.0        0   16   0.016 

JUL  236.4    21815   78.3      139    0.0        0    0.0        0   88   1.348 

AUG  214.4    19071   89.0      194    0.0        0    0.0        0   71   0.515 

SEP  293.1    31196    0.0        0    0.0        0    0.0        0  137   1.387 

OCT  372.2    47041    0.0        0    0.0        0    0.0        0  210  11.474 

NOV  410.3    41317    0.0        0    0.0        0    0.0        0  256   4.566 

DEC  545.0    69335    0.0        0    0.0        0    0.0        0  398  28.862 

      _____________   _____________   _____________   _____________  ___________ 

Total        527971             448               0               0      168.495 

          Pre-heating     Humidification        Fan           Auxiliary          Total 

          Peak   Total     Peak   Total     Peak   Total    Peak   Total      Peak   Total 

           kW    kWhrs      kW    kWhrs      kW    kWhrs     kW    kWhrs       kW    kWhrs 

          _____________    _____________    ____________    ______________    _____________ 

JAN        0.0        0     0.0        0    12.5     2874     0.0        0   535.0    79134 

FEB        0.0        0     0.0        0    12.5     2499     0.0        0   634.2    75785 

MAR        0.0        0     0.0        0    12.5     2624     0.0        0   411.6    55437 

APR        0.0        0     0.0        0    12.5     2749     0.0        0   358.3    45390 

MAY        0.0        0     0.0        0    12.5     2749     0.0        0   325.2    36302 

JUN        0.0        0     0.0        0    12.5     2624     0.0        0   186.3    22381 

JUL        0.0        0     0.0        0    12.5     2874     0.0        0   248.9    24828 

AUG        0.0        0     0.0        0    12.5     2624     0.0        0   226.9    21889 

SEP        0.0        0     0.0        0    12.5     2749     0.0        0   305.6    33945 

OCT        0.0        0     0.0        0    12.5     2874     0.0        0   384.7    49915 

NOV        0.0        0     0.0        0    12.5     2499     0.0        0   422.8    43816 

DEC        0.0        0     0.0        0    12.5     2874     0.0        0   557.5    72208 

          _____________    _____________    ____________    ______________    _____________ 

Total                 0                0            32612                0           561031 

Hours of operation 2610 

 

Date and Time of Peak Hourly Load 
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SYSTEM No.   1 Title - AHU1 - NO ERV -               No Off   1 Package 
 Type  2 Constant Volume Single Zone Heating and Cooling 
 

        Cooling         Heating         Radiation       Re-Heat      Condensate 

      Day    Hour     Day    Hour     Day    Hour     Day    Hour    Day    Hour 

      ___________     ___________     ___________     ___________    ___________ 

JAN    15     12        0      0        0      0        0      0      15     12 

FEB     6     15        0      0        0      0        0      0       6     15 

MAR    27     12        0      0        0      0        0      0      27     12 

APR    29     12        0      0        0      0        0      0      29     12 

MAY     8     15        0      0        0      0        0      0       8     15 

JUN     9     12       26      8        0      0        0      0      16     15 

JUL    17     15       30      8        0      0        0      0       3     12 

AUG    26     12        6      8        0      0        0      0      26     10 

SEP    22     12        0      0        0      0        0      0      30     15 

OCT    28     15        0      0        0      0        0      0      28     15 

NOV    18     11        0      0        0      0        0      0      18     11 

DEC    23     12        0      0        0      0        0      0      23     13 

 

          Pre-heating     Humidification       Fan            Auxiliary         Total 

          Day    Hour      Day    Hour      Day    Hour      Day    Hour      Day    Hour 

          ___________      ___________      ___________      ___________      ___________ 

JAN        0       0        0       0        1       8        0       0       15      12 

FEB        0       0        0       0        3       8        0       0        6      15 

MAR        0       0        0       0        3       8        0       0       27      12 

APR        0       0        0       0        1       8        0       0       29      12 

MAY        0       0        0       0        1       8        0       0        8      15 

JUN        0       0        0       0        2       8        0       0        9      12 

JUL        0       0        0       0        1       8        0       0       17      15 

AUG        0       0        0       0        1       8        0       0       26      12 

SEP        0       0        0       0        1       8        0       0       22      12 

OCT        0       0        0       0        1       8        0       0       28      15 

NOV        0       0        0       0        3       8        0       0       18      11 

DEC        0       0        0       0        1       8        0       0       23      12 

 

 

Max and Min Temperatures 
During Occupied Period 
 

 

                HIGHEST  Temperatures      LOWEST Temperatures 

               Temp.    Date     No.of   Temp.    Date     No.Of 

                (C)   Mo/Day/Hr  Occur    (C)   Mo/Day/Hr  Occur 

               _______________________   _______________________ 

 

SYSTEM No.   1 Title - AHU1 - NO ERV -               No Off   1 (Op. Hours 2610) 
   Space   1     23.7  11  14 12     0     21.0   7  10  8     0                Room No 1 

 

Space Temperature Distribution Report 
(Number of temperature occurences) 

 

During Occupied Period 
 

        Degree classes BELOW   Low____Set___High     Degree classes ABOVE  % In  % In 

SPACE   thermostat low temp    TStat Point  TStat    thermostat high temp T'stat Range 

 ID    >3.0   3.0   2.0   1.0  Temp.  (C)   Temp.   1.0   2.0   3.0  >3.0  Range 18-26 

_____  ______________________  ______     _______   ______________________ _____ _____ 

 

SYSTEM No.   1 Title - AHU1 - NO ERV -               No Off   1 (Op. Hours 2610) 
   1      0     0     0     0     27  22.0  2583     0     0     0     0    100   100 

 

 

 

 

 

Master Meter Energy Report 
 

          ELECTRICITY          GAS             STEAM          TOTAL 

 

         Peak    Total    Peak    Total    Peak    Total       Monthly 

        Hourly  Monthly  Hourly  Monthly  Hourly  Monthly 

          kW       kWhr  Cub. m   Cub. m    kgs      kgs         kWhr 

       ______   ______  ______   ______  ______   ______     _________ 

JAN       262.    45336      0.        0      0.        0         45336 

FEB       285.    42002      0.        0      0.        0         42002 
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MAR       209.    36878      0.        0      0.        0         36878 

APR       199.    33648      0.        0      0.        0         33649 

MAY       190.    29161      0.        0      0.        0         29161 

JUN       177.    22498      0.        0      0.        0         22498 

JUL       195.    24528      0.        0      0.        0         24528 

AUG       177.    22716      0.        0      0.        0         22716 

SEP       206.    28920      0.        0      0.        0         28920 

OCT       204.    36065      0.        0      0.        0         36065 

NOV       219.    32435      0.        0      0.        0         32435 

DEC       270.    44175      0.        0      0.        0         44175 

              ________         ________         ________     _________ 

Total Energy     398363                0                0        398364 

Per Sq.m.          249                0                0           249 

 

                      Floor Area for kW/m2 =  1600. m2 

                    Conditioned Floor Area =  1600. m2 

 

 

 

Sub-Meters Energy Report 
 

      METER NO  1  ELECTRIC    METER NO  2  ELECTRIC    METER NO  3  ELECTRIC 

        UNITARY HEATING          UNITARY COOLING          UNITARY AUXILIARY 

      Peak Hourly    Total     Peak Hourly    Total     Peak Hourly    Total 

        Demand      Monthly      Demand      Monthly      Demand      Monthly 

      kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr 

      ____ ______   _______    ____ ______   _______    ____ ______   _______ 

JAN   0.00  0  0          0  218.81 15 12      35348    0.00  0  0          0 

FEB   0.00  0  0          0  242.25 26 12      33277    0.00  0  0          0 

MAR   0.00  0  0          0  166.34 27 15      27655    0.00  0  0          0 

APR   0.00  0  0          0  155.92 25 12      24081    0.00  0  0          0 

MAY   0.00  0  0          0  147.55  8 12      19555    0.00  0  0          0 

JUN 155.00 25  8        114  101.56  9 12      13199    0.00  0  0          0 

JUL 155.00 10  8        139  123.59  8 12      14401    0.00  0  0          0 

AUG 155.00  5  8        194  116.33 26 12      13299    0.00  0  0          0 

SEP   0.00  0  0          0  163.51 22 12      19353    0.00  0  0          0 

OCT   0.00  0  0          0  161.05 28 15      26077    0.00  0  0          0 

NOV   0.00  0  0          0  176.20 18 11      23633    0.00  0  0          0 

DEC   0.00  0  0          0  227.14 23 12      34187    0.00  0  0          0 

                   ________                 ________                 ________ 

Total Energy            448                   284065                        0 

Per Sq.m.               0.3                    177.6                      0.0 

 

      METER NO  4  ELECTRIC    METER NO  5  ELECTRIC    METER NO  6  ELECTRIC 

        UNITARY    FAN           AHU Fans                 AHU Aux 

      Peak Hourly    Total     Peak Hourly    Total     Peak Hourly    Total 

        Demand      Monthly      Demand      Monthly      Demand      Monthly 

      kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr 

      ____ ______   _______    ____ ______   _______    ____ ______   _______ 

JAN  12.49  1  8       2874    0.00  0  0          0    0.00  0  0          0 

FEB  12.49  3  8       2499    0.00  0  0          0    0.00  0  0          0 

MAR  12.49  3  8       2624    0.00  0  0          0    0.00  0  0          0 

APR  12.49  1  8       2749    0.00  0  0          0    0.00  0  0          0 

MAY  12.49  1  8       2749    0.00  0  0          0    0.00  0  0          0 

JUN  12.49  2  8       2624    0.00  0  0          0    0.00  0  0          0 

JUL  12.49  1  8       2874    0.00  0  0          0    0.00  0  0          0 

AUG  12.49  1  8       2624    0.00  0  0          0    0.00  0  0          0 

SEP  12.49  1  8       2749    0.00  0  0          0    0.00  0  0          0 

OCT  12.49  1  8       2874    0.00  0  0          0    0.00  0  0          0 

NOV  12.49  3  8       2499    0.00  0  0          0    0.00  0  0          0 

DEC  12.49  1  8       2874    0.00  0  0          0    0.00  0  0          0 

                   ________                 ________                 ________ 

Total Energy          32612                        0                        0 

Per Sq.m.              20.4                      0.0                      0.0 

 

      METER NO  7  ELECTRIC    METER NO  8  ELECTRIC 

        All Lights               All equipment 

      Peak Hourly    Total     Peak Hourly    Total 

        Demand      Monthly      Demand      Monthly 

      kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr 

JAN  22.80  1 10       5391    7.60  1 10       1723 

FEB  22.80  3 10       4718    7.60  3 10       1509 

MAR  22.80  3 10       5000    7.60  3 10       1599 

APR  22.80  1 10       5166    7.60  1 10       1652 

MAY  22.80  1 10       5195    7.60  1 10       1661 

JUN  22.80  2 10       4971    7.60  2 10       1590 
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JUL  22.80  1 10       5391    7.60  1 10       1723 

AUG  22.80  1 10       5000    7.60  1 10       1599 

SEP  22.80  1 10       5166    7.60  1 10       1652 

OCT  22.80  1 10       5391    7.60  1 10       1723 

NOV  22.80  3 10       4775    7.60  3 10       1528 

DEC  22.80  1 10       5391    7.60  1 10       1723 

                   ________                 ________ 

Total Energy          61555                    19683 

Per Sq.m.              38.5                     12.3 

 

Hours of Operation 
 

Sched  Total 

 No.    Hrs      Title 

 ___   ____   ________________________________________ 

  1    2610   BCA Cl 9b (School) AH Plant 

______________________________________________________ 

 

Equivalent Full Load Hrs for LOADS Operating Schedules 
NOTE: Values are for total period for which LOADS program has been run. 

 

       Equiv'nt 

Sched  Full Load 

 No.     Hrs       Title 

 ___  ________   ________________________________________ 

   1   1944.5    Class 9b (School) Occupancy 

   2   2565.2    Class 9b (School) Lighting 

   3   2460.8    Class 9b (School) Equipment 

   5   2610.0    Class 9b (School) Ventilation Plant Hrs 

_________________________________________________________ 

 

 

Plant ON/OFF Schedules 
 

Sch                   1 1 1 1 1 1 1 1 1 1 2 2 2 2 2                         Hrs 

No  1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 Description            /day 

__ ________________________________________________ _______________________ ___ 

 1                                                  2g Plant Off             0 

 2  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2g 24HR                 24 

 3                1 1 1 1 1 1 1 1 1 1               2g Mon-Frit             10 

41                  1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 Time of day             16 

_______________________________________________________________________________ 

(1=ON or IN-USE, Blank=OFF or NOT-IN-USE, Mod=user modified, User=user entered) 

 

Operating Schedules by Period and Day 
 

         On/Off Schedule 

     S  M  T  W  T  F  S  H  End 

     U  O  U  E  H  R  A  O  Date 

 No. N  N  E  D  U  I  T  L mth/day 

 __ _______________________ ______ 

  1  1  3  3  3  3  3  1  1  12/31 BCA Cl 9b (School) AH Plant 

_____________________________________ 

 

LOADS Internal load profiles 
 

 Index                               Hour 

        1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

 _____ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ 

No Load 24 hours 

   1    0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

Full Load 24 hours 

   2   FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL 

2g Occup Mon-Fri 

   3    0  0  0  0  0  0  0  5 75 90 90 90 50 50 90 70 50 20 20 20 10  5  5  5 

2g Lights Mon-Fri 

   4    5  5  5  5  5  5  5 30 85 95 95 95 80 80 95 90 70 20 20 20 10  5  5  5 

2g Lights Sat-Sun 

   5    5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5 

2g Equip Mon-Fri 

   6    5  5  5  5  5  5  5 30 85 95 95 95 70 70 95 80 60 20 20 20 10  5  5  5 

2g Equip Sat-Sun 

   7    5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5 

DHW Mon-Fri 
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   8   90 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 

Ventilation Mon-Fri 

   9    0  0  0  0  0  0  0 FL FL FL FL FL FL FL FL FL FL  0  0  0  0  0  0  0 

Sample Lifts Mon-Fri 

  10    0  0  0  0  0  0  0 10 80 60 10 10 60 10 10 40 60 30 10 10 30 30  0  0 

 _____________________________________________________________________________ 

 

Note: FL (Full Load) means 100% 

LOADS Operating Schedules by Period and Day 
 

       Load Profile Index 

     S  M  T  W  T  F  S  H  End 

     U  O  U  E  H  R  A  O  Date 

 No. N  N  E  D  U  I  T  L mth/day 

 __ _______________________ ______ 

  1  1  3  3  3  3  3  1  3  12/31 Class 9b (School) Occupancy 

  2  5  4  4  4  4  4  5  5  12/31 Class 9b (School) Lighting 

  3  7  6  6  6  6  6  7  7  12/31 Class 9b (School) Equipment 

  5  1  9  9  9  9  9  1  9  12/31 Class 9b (School) Ventilation Plant Hrs 

 _________________________________ 

 

 

 

 

Space Relative Humidity Occurences Report 
(Number of relative humidity occurences) 

 

 SPACE                        Relative Humidity Range % 

  ID    0:10  >10:20 >20:30 >30:40 >40:50 >50:60 >60:70 >70:80 >80:90 >90:100 

 _____ ______ ______ ______ ______ ______ ______ ______ ______ ______ _______ 

 

SYSTEM No.   1 Title - AHU1 - NO ERV -               No Off   1 (Op. Hours 2610) 
    1      0     14    105     60     69    136    362   1275    587      2 

 

 

 

 

 

 

Master Meter Energy Report 
 

          ELECTRICITY          GAS             STEAM          TOTAL 

 

         Peak    Total    Peak    Total    Peak    Total       Monthly 

        Hourly  Monthly  Hourly  Monthly  Hourly  Monthly 

          kW       kWhr  Cub. m   Cub. m    kgs      kgs         kWhr 

       ______   ______  ______   ______  ______   ______     _________ 

JAN       262.    45336      0.        0      0.        0         45336 

FEB       285.    42002      0.        0      0.        0         42002 

MAR       209.    36878      0.        0      0.        0         36878 

APR       199.    33648      0.        0      0.        0         33649 

MAY       190.    29161      0.        0      0.        0         29161 

JUN       177.    22498      0.        0      0.        0         22498 

JUL       195.    24528      0.        0      0.        0         24528 

AUG       177.    22716      0.        0      0.        0         22716 

SEP       206.    28920      0.        0      0.        0         28920 

OCT       204.    36065      0.        0      0.        0         36065 

NOV       219.    32435      0.        0      0.        0         32435 

DEC       270.    44175      0.        0      0.        0         44175 

              ________         ________         ________     _________ 

Total Energy     398363                0                0        398364 

Per Sq.m.          249                0                0           249 

 

                      Floor Area for kW/m2 =  1600. m2 

                    Conditioned Floor Area =  1600. m2 

 

 

 

Sub-Meters Energy Report 
 

      METER NO  1  ELECTRIC    METER NO  2  ELECTRIC    METER NO  3  ELECTRIC 

        UNITARY HEATING          UNITARY COOLING          UNITARY AUXILIARY 

      Peak Hourly    Total     Peak Hourly    Total     Peak Hourly    Total 

        Demand      Monthly      Demand      Monthly      Demand      Monthly 
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      kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr 

      ____ ______   _______    ____ ______   _______    ____ ______   _______ 

JAN   0.00  0  0          0  218.81 15 12      35348    0.00  0  0          0 

FEB   0.00  0  0          0  242.25 26 12      33277    0.00  0  0          0 

MAR   0.00  0  0          0  166.34 27 15      27655    0.00  0  0          0 

APR   0.00  0  0          0  155.92 25 12      24081    0.00  0  0          0 

MAY   0.00  0  0          0  147.55  8 12      19555    0.00  0  0          0 

JUN 155.00 25  8        114  101.56  9 12      13199    0.00  0  0          0 

JUL 155.00 10  8        139  123.59  8 12      14401    0.00  0  0          0 

AUG 155.00  5  8        194  116.33 26 12      13299    0.00  0  0          0 

SEP   0.00  0  0          0  163.51 22 12      19353    0.00  0  0          0 

OCT   0.00  0  0          0  161.05 28 15      26077    0.00  0  0          0 

NOV   0.00  0  0          0  176.20 18 11      23633    0.00  0  0          0 

DEC   0.00  0  0          0  227.14 23 12      34187    0.00  0  0          0 

                   ________                 ________                 ________ 

Total Energy            448                   284065                        0 

Per Sq.m.               0.3                    177.6                      0.0 

 

      METER NO  4  ELECTRIC    METER NO  5  ELECTRIC    METER NO  6  ELECTRIC 

        UNITARY    FAN           AHU Fans                 AHU Aux 

      Peak Hourly    Total     Peak Hourly    Total     Peak Hourly    Total 

        Demand      Monthly      Demand      Monthly      Demand      Monthly 

      kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr 

      ____ ______   _______    ____ ______   _______    ____ ______   _______ 

JAN  12.49  1  8       2874    0.00  0  0          0    0.00  0  0          0 

FEB  12.49  3  8       2499    0.00  0  0          0    0.00  0  0          0 

MAR  12.49  3  8       2624    0.00  0  0          0    0.00  0  0          0 

APR  12.49  1  8       2749    0.00  0  0          0    0.00  0  0          0 

MAY  12.49  1  8       2749    0.00  0  0          0    0.00  0  0          0 

JUN  12.49  2  8       2624    0.00  0  0          0    0.00  0  0          0 

JUL  12.49  1  8       2874    0.00  0  0          0    0.00  0  0          0 

AUG  12.49  1  8       2624    0.00  0  0          0    0.00  0  0          0 

SEP  12.49  1  8       2749    0.00  0  0          0    0.00  0  0          0 

OCT  12.49  1  8       2874    0.00  0  0          0    0.00  0  0          0 

NOV  12.49  3  8       2499    0.00  0  0          0    0.00  0  0          0 

DEC  12.49  1  8       2874    0.00  0  0          0    0.00  0  0          0 

                   ________                 ________                 ________ 

Total Energy          32612                        0                        0 

Per Sq.m.              20.4                      0.0                      0.0 

 

      METER NO  7  ELECTRIC    METER NO  8  ELECTRIC 

        All Lights               All equipment 

      Peak Hourly    Total     Peak Hourly    Total 

        Demand      Monthly      Demand      Monthly 

      kWhr Day/Hr      kWhr    kWhr Day/Hr      kWhr 

JAN  22.80  1 10       5391    7.60  1 10       1723 

FEB  22.80  3 10       4718    7.60  3 10       1509 

MAR  22.80  3 10       5000    7.60  3 10       1599 

APR  22.80  1 10       5166    7.60  1 10       1652 

MAY  22.80  1 10       5195    7.60  1 10       1661 

JUN  22.80  2 10       4971    7.60  2 10       1590 

JUL  22.80  1 10       5391    7.60  1 10       1723 

AUG  22.80  1 10       5000    7.60  1 10       1599 

SEP  22.80  1 10       5166    7.60  1 10       1652 

OCT  22.80  1 10       5391    7.60  1 10       1723 

NOV  22.80  3 10       4775    7.60  3 10       1528 

DEC  22.80  1 10       5391    7.60  1 10       1723 

                   ________                 ________ 

Total Energy          61555                    19683 

Per Sq.m.              38.5                     12.3 

 

Hours of Operation 
 

Sched  Total 

 No.    Hrs      Title 

 ___   ____   ________________________________________ 

  1    2610   BCA Cl 9b (School) AH Plant 

______________________________________________________ 

 

Equivalent Full Load Hrs for LOADS Operating Schedules 
NOTE: Values are for total period for which LOADS program has been run. 

 

       Equiv'nt 

Sched  Full Load 

 No.     Hrs       Title 

 ___  ________   ________________________________________ 
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   1   1944.5    Class 9b (School) Occupancy 

   2   2565.2    Class 9b (School) Lighting 

   3   2460.8    Class 9b (School) Equipment 

   5   2610.0    Class 9b (School) Ventilation Plant Hrs 

_________________________________________________________ 

 

 

 

Plant ON/OFF Schedules 
 

Sch                   1 1 1 1 1 1 1 1 1 1 2 2 2 2 2                         Hrs 

No  1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 Description            /day 

__ ________________________________________________ _______________________ ___ 

 1                                                  2g Plant Off             0 

 2  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2g 24HR                 24 

 3                1 1 1 1 1 1 1 1 1 1               2g Mon-Frit             10 

41                  1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 Time of day             16 

_______________________________________________________________________________ 

(1=ON or IN-USE, Blank=OFF or NOT-IN-USE, Mod=user modified, User=user entered) 

 

Operating Schedules by Period and Day 
 

         On/Off Schedule 

     S  M  T  W  T  F  S  H  End 

     U  O  U  E  H  R  A  O  Date 

 No. N  N  E  D  U  I  T  L mth/day 

 __ _______________________ ______ 

  1  1  3  3  3  3  3  1  1  12/31 BCA Cl 9b (School) AH Plant 

_____________________________________ 

 

LOADS Internal load profiles 
 

 Index                               Hour 

        1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

 _____ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ 

No Load 24 hours 

   1    0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

Full Load 24 hours 

   2   FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL FL 

2g Occup Mon-Fri 

   3    0  0  0  0  0  0  0  5 75 90 90 90 50 50 90 70 50 20 20 20 10  5  5  5 

2g Lights Mon-Fri 

   4    5  5  5  5  5  5  5 30 85 95 95 95 80 80 95 90 70 20 20 20 10  5  5  5 

2g Lights Sat-Sun 

   5    5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5 

2g Equip Mon-Fri 

   6    5  5  5  5  5  5  5 30 85 95 95 95 70 70 95 80 60 20 20 20 10  5  5  5 

2g Equip Sat-Sun 

   7    5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5 

DHW Mon-Fri 

   8   90 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 

Ventilation Mon-Fri 

   9    0  0  0  0  0  0  0 FL FL FL FL FL FL FL FL FL FL  0  0  0  0  0  0  0 

Sample Lifts Mon-Fri 

  10    0  0  0  0  0  0  0 10 80 60 10 10 60 10 10 40 60 30 10 10 30 30  0  0 

 _____________________________________________________________________________ 

 

Note: FL (Full Load) means 100% 

LOADS Operating Schedules by Period and Day 
 

       Load Profile Index 

     S  M  T  W  T  F  S  H  End 

     U  O  U  E  H  R  A  O  Date 

 No. N  N  E  D  U  I  T  L mth/day 

 __ _______________________ ______ 

  1  1  3  3  3  3  3  1  3  12/31 Class 9b (School) Occupancy 

  2  5  4  4  4  4  4  5  5  12/31 Class 9b (School) Lighting 

  3  7  6  6  6  6  6  7  7  12/31 Class 9b (School) Equipment 

  5  1  9  9  9  9  9  1  9  12/31 Class 9b (School) Ventilation Plant Hrs 

 _________________________________ 

 

 

 

 










