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Abstract 
This honours project examines the energy flows within the Frank Fenner building at the Australian 
National University. Following a substantial amount of modelling during the design phase, the building 
was officially declared a world leader under the Green Building  Council   of  Australia’s   ‘Green  Star’  
building-rating scheme. This project will first examine the intended energy flows within the building 
and discuss the results of the modelling. The focus will then shift to the measured performance of the 
operational building, and identify key areas of difference with the modelled results. This will include 
consideration of the energy balance between the electricity consumed in the building and electricity 
generated by the rooftop PV system. Finally, this project will identify key areas of improvement that 
can be implemented in order for the energy flows in the building to operate as intended, including 
changes that will allow the building to completely offset its electrical consumption with the PV 
generation.  
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Structure and Scope 
This honours project is divided into six key chapters.  

The first chapter presents an introduction to the honours project and the approach taken in examining 
the energy flows within the Frank Fenner building.  

Chapter two, Literature Review, provides an overview of the literature that is specific to the Frank 
Fenner building and building efficiency rating schemes, as well as similar buildings and relevant design 
aspects.   

Chapter three, Intended Building Design and Operation, provides a detailed understanding of how the 
Frank Fenner building was designed to operate, including an overview of the key design aspects and 
the modelled electricity usage, gas usage and PV generation over a year. 

Chapter four, Demonstrated Performance, considers the measured energy performance of the Frank 
Fenner Building for the year of 2013. This includes metered electricity and gas consumption, and the 
amount of electricity generated by the PV system. Key differences between both the modelled and 
demonstrated consumption of electricity and gas, and the modelled and demonstrated generation of 
electricity from the PV system will be clearly outlined.   

Chapter five, Improvements to Performance, considers opportunities to improve the current 
operation of the Frank Fenner building. This includes improving occupant comfort and reducing the 
consumption of electricity and gas in the Frank Fenner building and the Central Plant. 

The final chapter, Conclusions and Future Work, will present key conclusions from this honours project 
and identify targeted areas of future work.   

Whilst the Frank Fenner Building features a variety of efficient design characteristics (predominantly 
energy, water and waste), this honours project will focus on the electricity flows (both consumption 
and generation) and HVAC heating/cooling load. Physical waste and water consumption (in the 
bathrooms and kitchens) will be excluded from this analysis.  
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Chapter 1: Introduction 
This honours project considers the energy flows in the Frank Fenner building at the Australian National 
University (ANU). There are three key aims to this project: first, the project aims to understand the 
building design and the modelled energy flows; second, the project aims to determine the 
demonstrated energy flows within the building and the key areas of difference from the modelled 
values; and finally to identify key areas of improvement in the building, allowing the building to 
perform at a higher energy efficiency level and reduce energy consumption. The building received 
significant recognition as an efficient building based on modelling results, and this project aims to 
determine if the building is meeting these objectives.  

Primarily an office building, this building houses both the Fenner School for Society and Environment 
and the Climate Change Institute. In October 2011, the Frank Fenner building became the first building 
in the Australian Capital Territory (ACT) to achieve the maximum Green Star rating from the Green 
Building Council of Australia (GBCA), marking the building as a world leader in terms of energy-efficient 
building design. The building has now been in operation for a number of years, and accumulated a 
database of metered energy data.  

Standing three levels high, the Frank Fenner building consists of individual and shared offices, a 
seminar room, communal lounges, resource rooms, tearooms and bathrooms. The building design 
includes a number of key sustainable aspects to reduce energy consumption, including passive heating 
and cooling, energy efficient lighting and a high penetration of natural light. In addition to this, the 
design features a 34kW photovoltaic (PV) solar system located on the roof of the Frank Fenner building 
and the adjoining Forestry building. The PV system was sized during the modelling process in order to 
meet the electrical load of the building in its unoccupied state.  A detailed modelling report on the 
building will be used to define the modelled energy (electricity and gas) flows in the building.  

Twenty-one meters have been incorporated into the Frank Fenner building, each measuring the 
amount of electricity, water, gas or thermal energy in a specific areas of the building. This data is 
available through a number of databases and will be used to quantify the demonstrated performance 
of the building and highlight key areas of difference with the modelled baseline. This analysis will be 
supplemented by empirical studies including building walkthroughs, short trials and plug-in meters to 
quantify occupant dependent consumption. 

Finally, a number of key recommendations will be suggested to improve the performance of the 
building. These will be based on the results from the building performance analysis as well physical 
problems identified through building walkthroughs. Where possible, the effect on energy 
consumption of these changes will be quantified. 

This honours project is the first formal research to be conducted on the building following the detailed 
modelling in the design and constructed phase. Whilst the building has been described as a world 
leader in energy efficient design by the GBCA, this research is valuable in testing the validity of the 
statement. 
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Chapter 2: Literature Review 
This chapter outlines the key research that is relevant to building an understanding of the energy 
flows in the Frank Fenner building. This includes key design aspects and auditing methods.   

2.1 Key Existing Work on the Frank Fenner Building 

A number of detailed reports were produced on the intended design and performance of the Frank 
Fenner building prior to construction. Collectively, they provide a clear understanding of how the 
building is designed to perform. The largest and most detailed of these reports was produced by the 
engineering consultancy Umow Lai as a submission for the Green Building Council of Australia. This 
document outlined the key design aspects and specifications within the building and included a model 
of the total energy usage in the building (independent of occupants), including lighting (internal and 
external), the lift, exhaust fans, pumps, HVAC fans, cooling and heating, and domestic hot water. The 
modelling did not consider the energy usage associated with human occupation of the building, 
including computers, photocopiers, kitchen appliances, and personal heaters. The report 
recommended that the PV system should be sized in order to balance the annual electrical unoccupied 
consumption of 40,000 kWh/year.  

In addition to the report on the Frank Fenner Building, Umow Lai also produced a discussion paper on 
the Central Plant Facility Infrastructure. The Central Plant facility currently produces hot and cold 
water for heating and cooling in the Frank Fenner Building and five other buildings in the area, and a 
network of underground pipes then distributes the water. Despite the hot and cold water being 
generated off site, the modelling process included the percentage of electricity and gas proportional 
to the Frank Fenner heating and cooling demand, and as a result, the operation of Central Plant 
remains an important consideration within this project.  

Laros Technologies, the installers of the 34kW PV system, produced a performance report 
approximately eight months after the PV system commenced operation. This report stated that over 
a six-month period, the PV system exceeded the modelled output by approximately 22%. This was 
attributed to the positive power sorting of the PV panels, and the conservative system design (Johnson 
2012). 

2.2 Moving Towards Sustainable Buildings 

Sustainable buildings are becoming increasingly significant in the developed world. In general, 
buildings account for approximately 40% of the consumption of raw materials and energy, and are 
responsible for approximately 30% of greenhouse gas emissions (Eichholtz et al. 2008). Furthermore, 
on average, approximately 30% of the operating expenses of a commercial building can be attributed 
to energy usage (Eichholtz et al. 2008). Combined, these three statistics justify much of the motivation 
associated with reducing the consumption of energy in both the design and use of buildings.  

Sustainable building design, despite the associated increase to design and construction costs, has a 
number of benefits. First, for the individuals who occupy sustainable buildings, benefits can include 
cleaner air, increased amounts of natural light, and spaces that are easily modified. Second, for the 
workplace in general, benefits include lower absenteeism, improved staff health, and increased 
productivity in the workplace (Miller, 2008). Third, when a corporation rents this type of space, it aids 
in building positive notions of corporate social responsibility.  
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It should be noted that the data in this emergent field is not yet definitive, with some stating that 
economic justifications for sustainable development are built on anecdotal evidence (Eichholtz et al. 
2008). This  is  further  complicated  by  an  absence  of  a  definitive  “green  building”  definition, which is 
currently subject to regional variation.  

Despite this, a study in the US of a number of institutions has revealed that corporations are prepared 
to pay a premium to rent space in green buildings. The researchers found that financial institutions, 
law firms and retailers had the highest tenancy of sustainable buildings (Miller et al. 2008).  

2.3 Net Zero Energy Buildings 

The Frank Fenner building has been designed with a significant emphasis on energy efficiency. Whilst 
the building has not been designed as a net zero energy building and it is not intended to become one 
in the future, the sizing of the PV system to match the unoccupied load indicates that a number of the 
principles of net zero energy design have been employed. Given that the building has been designed 
to be energy efficient with a reasonably sized and well performing PV system, it is a valuable part of 
this project to determine if the PV system is meeting the unoccupied load of the building, and to what 
degree this might be improved through building tuning. 

Net zero energy buildings consider the balance between the energy consumed and generated within 
a building, and the  title  of  ‘net  zero energy’  can  only  be  used  when  this  balance  is  zero (or more energy 
is generated than consumed). As a result, a key part of these buildings is their grid connected 
renewable energy generator (such as wind or solar), which allows them to potentially generate as 
much energy as the building uses on a day-by-day, monthly, or annual basis (Hernandez & Kenny 2010). 
A prominent example of a net zero energy building is the  National  Renewable  Energy  Laboratory’s  
recently constructed Research Support Facility in Colorado, United States. The building design aspects 
include siting and orientation, low energy consumption, a high penetration of natural light, energy 
efficient lighting, passive ventilation, radiant slabs and a large PV system (U.S. Department of Energy 
2012). 

In addition to net zero energy buildings, there is a second category entitled “zero energy” buildings. 
As well as offsetting the energy used in the building during operation, these buildings also consider 
the embedded energy associated with the design and construction of a building (including the 
manufacturing process of the materials). Whilst the general principles are the same, a greater amount 
of renewable energy generation needs to occur for zero energy buildings (Hernandez), and its energy 
inputs during construction are more difficult to quantify.  

2.4 Aspects of Energy Efficient Building Design 

Approximately $11 million dollars was spent on the design and construction of the Frank Fenner 
building (Dyett 2011). Given the significant financial investment associated with buildings like the 
Frank Fenner building and others like it, it is necessary to quantify their success and effectiveness as 
energy efficient buildings after several years of occupation, and not only at the design phase. It is 
therefore necessary to examine the processes associated with analysing the performance of energy 
efficient buildings.  

Around the world, there are a number of early examples of sustainable building design. Several are 
particularly prominent: the 19th century Galleria Vittorio Emanuele II in Milan integrated passive 
cooling techniques; the 1939 MIT Solar House 1 used only solar radiation to heat the home during the 
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winter (Hernandez & Kenny 2010); and a number of Californian state office buildings built in the 1970s 
integrated PV systems for energy generation, rock for thermal mass, and incorporated individual 
thermal zones (Genlser et al. 2003). Sustainable design aspects that are common to sustainable 
buildings include good air tightness, heat recovery ventilation, passive design aspects, and intelligent 
facades (Pisello et al. 2012). All of these design aspects have been used in the design of the Frank 
Fenner building.  

In terms of demonstrated building performance, the majority of the literature appears to focus upon 
retrofitting old, inefficient buildings, with minimal literature on the performance of energy efficient 
buildings such as the Frank Fenner building. With the increasing trend for green building design, 
greater analysis of energy efficient building performance is essential. Demonstrated performance 
gives greater credibility to the green buildings discipline and provides more information on the 
associated benefits for energy and water consumption, productivity and health.  

A paper by the Lawrence Berkeley National Laboratory specifically examined the performance of 
twenty one Leadership in Energy and Environmental Design (LEED) certified buildings in California 
(Diamond et al. 2006). The authors found that it was sometimes problematic to compare modelled 
performance with actual performance of a building for the following reasons: the construction of the 
building can alter, the occupation density of space can change as well as the type and number of 
equipment items, the original modelling can be of a low quality, and the purpose of the building can 
change. The challenges of comparing modelled and demonstrated building performance should be 
considered with reference to the Frank Fenner building.  

2.5 The Australian Green Star Program, and Alternatives 

In Australia, there are a number of schemes that operate in a similar capacity to the LEED scheme in 
the United States. Two of the larger schemes include the Green Star program by the Green Building 
Council of Australia, and the National Australian Built Environment Rating Scheme (NABERS), 
administered by the New South Wales Government. Both of these schemes are capable of performing 
assessments of buildings like the Frank Fenner building, however NABERS focuses on existing buildings 
and is primarily performance based, whilst Green Star considers new and existing buildings and 
expects a broader range of sustainability measures to be integrated into the building design.  

Green Star is a voluntary means of evaluating the very best in environmental design and construction 
of Australian buildings, with categories including Design & As-Built, Communities, Performance and 
Interiors (GBCA 2014). From its foundations, Green Star builds upon the British Building Research 
Establishment  Environmental  Assessment  Methodology  (BREEAM)  and  the  United  States’  LEED. The 
scheme is then tailored to Australian building regulations and climatic conditions, differing between 
each state and territory in some aspects in order to encompass geographically specific environmental 
concerns such as water shortages (Mitchell 2010). Each Green Star rating considers building 
management, energy, transport, water, materials, land use, emissions, indoor environment quality 
and innovation.  

An independent assessor conducts Green Star accreditation, and in order to achieve a rating, the 
building needs to achieve at least four out of a maximum six Green Stars. The star ratings are devised 
as follows, with 4 Stars representing Best Practice (45-59%), 5 Stars representing Australian Excellence 
(60-74%), and 6 Stars representing World Leading (75+%) (GBCA n.d.). The Frank Fenner Building has 
achieved the maximum 6 stars for both the design and as-built categories, along with the Nishi building 



 

6 

 

in a New Acton, a building that combines both commercial space and residential living into one high-
storey building. The Green Star rating system has also been undertaken by a wide variety of projects, 
including apartment buildings, schools, university buildings, hospitals, offices, shopping centres and 
industrial facilities.  

Whilst Green Star identifies buildings that have been designed with energy efficient principles, all 
Australian buildings are required to adhere to the most current Building Code of Australia (BCA) at the 
time of their construction or retrofit, and this sets a basic standard of acceptable environmental 
performance. NABERS assesses the performance and provides a rating to any building, up to a 
maximum of five stars. A NABERS rating of one star represents poor energy management or out-dated 
systems, whilst the maximum score of 5 stars represents an exceptional building with best building 
performance.  A rating of 2.5 stars represents the median Australian building performance (Mitchell 
2010).  

Green Star and NABERS ratings are likely to play an important role in Australian building design. 
Building energy consumption is currently a significant percentage of total energy demand, and as long 
as this continues, there will be a high demand for commercial spaces that have high energy efficiencies. 
Green Star and NABERS provide an effective means of quantifying the energy efficiency of spaces to 
the general public.   

2.6 Process of Assessing Building Energy Efficiency 

In order to justify buildings like the Frank Fenner Building, it is important to understand the value of 
energy efficient building design. Energy efficiency and auditing processes are largely driven by the 
valued potential to reduce greenhouse gas emissions. Building energy-efficient buildings allows for 
design aspects to be well integrated and optimized in the design phase, resulting in a more successful 
building that is highly considerate of environmental factors. In undertaking this, the design must give 
consideration to both summer and winter conditions (Pisello et al. 2012). 

Modelling can be used to analyse the thermal outputs across a number of designs, and is highly 
effective in quantifying the effects of a number of key design aspects (Pisello et al. 2012).  

In commercial buildings, there are a number of key areas to be identified. The energy use per square 
meter is often an effective means of quantifying the energy efficiency of a space, as it allows for similar 
spaces to be compared in terms of energy use.  

Finally, it has been previously mentioned that sustainable buildings often have positive benefits in 
terms of improving the environmental air quality and natural light accessible to working spaces. In 
terms of assessing performance, this has been identified as a very difficult field to measure (Eichholtz 
et al. 2008). 

2.7 Thermal Imaging 

Thermal imaging, or infrared thermography, has recently emerged within the building services 
discipline as a key tool for the auditing process. Thermal cameras are suited to specific applications. 
First, they can assist in locating problem areas inside a building that could otherwise go undetected, 
and potentially assist in highlighting the source of the problem. Second, thermal cameras can 
contribute  to  an  audit  of  a  building’s  structural  envelope. Thermal cameras can quickly identify areas 
of high heat loss, missing or damaged insulation in the ceiling and walls, thermal bridges, air leakage 
and high moisture sources. Third, thermal cameras can provide timely analysis of electrical sources, 
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immediately identifying the hotter loose or corroded electrical connections before they reach the 
stage of becoming a substantial problem (Balaras & Argiriou 2002). 

Despite the substantial technological advances of this powerful technology, a number of cautions 
need to be taken if it is to provide accurate results. The user should have an understanding of 
engineering principles and knowledge of the weather conditions and its effect on results. Thermal 
cameras can assist in diagnosing problems, but further measures are required to fix the problem.  

2.8 HVAC Systems and Efficient Design 

Within energy efficient design, HVAC is one of the most important areas. The building sector accounts 
for  almost  one  third  of  the  world’s  energy  usage  and  HVAC  is  one  of  the  most  significant  loads,  at  10-
20% of final energy use in developed countries (Pérez-Lombard et al. 2011). Consequently, improving 
the efficiency of HVAC systems through the various components can significantly reduce the energy 
required  for  a  building’s  HVAC  system. In addition to this, HVAC systems also govern the comfort of a 
building, and therefore the system’s effectiveness also has an impact upon users’ satisfaction. 

A number of techniques can be used to minimise the energy consumption associated with heating and 
cooling. First, dividing a space into a number of separate thermal zones allows for only the spaces that 
are occupied to be heated or cooled. Second, variable air volume fans can save electricity by reducing 
the air supply into thermal zones when the heating or cooling demand reduces. However, both of 
these energy saving options require adequate controls that can implement the heating and cooling 
requirements of a variety of spaces (Pérez-Lombard et al. 2011). 

2.9 Chilled Beam HVAC Design 

There are a number of design options available to commercial buildings in terms of internal HVAC 
infrastructure, however the Frank Fenner building has chosen to use chilled beams throughout the 
building. First originating in the 1970s, chilled beams are gradually becoming a competitive alternative 
to variable air volume (VAV) systems. Chilled beams can be implemented in both passive and active 
configurations: active systems feature fan driven convection flows, drawing more energy, but also 
operating at a higher level of effectiveness (Pope et al. 2014). The Frank Fenner building uses a passive 
system.  

Chilled beam systems have the following advantages over VAV systems: first, the system has a smaller 
and constant volume of supply air, resulting in smaller ductwork and air handling units (AHU). Second, 
the controls are less complex. Third, the system has no moving parts and no filters, reducing the overall 
system maintenance costs. From the point of user comfort, the system is exceptionally quiet and 
causes fewer cold drafts (Pope et al. 2014). 

However, the system also has a number of disadvantages. Chilled beams are relatively new and not as 
well known, and whilst the system can run at a higher efficiency, the up-front construction costs are 
higher than VAV systems. Furthermore, the type of system is prone to condensation forming on the 
surface of the chilled beams and in order to prevent this, dew point control needs to be implemented 
(Pope et al. 2014). 

2.10 Centralised HVAC Design 

The Frank Fenner building, along with five other buildings on the campus of the ANU, receives its hot 
and cold water for heating and cooling from the ANU Central Plant. Central plant systems house all of 
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the mechanical equipment associated with the heating and cooling of water or air, such as boilers, 
chillers and pumps in a centrally located building. The water is then distributed to the buildings that 
use the service through an underground network of pipes. Central plant designs have a number of 
advantages, including the simple incorporation of increased system capacity to meet future loads, and 
a reduction in the amount of maintenance required due to locating the majority of the mechanical 
equipment in a central location. Furthermore, the multiple chillers, boilers and cooling towers can be 
staged depending on total demand and atmospheric conditions in order to operate each mechanical 
system at maximum efficiency. There are also several benefits included to each building connected to 
a central plant, including a reduction in the amount of space required for mechanical equipment, as 
well as the amount of noise that emerges from the mechanical equipment in the buildings (LANL 2002). 

Distribution systems are also required as part of central plant design, as they deliver the heated and 
cooled air to the connected buildings. Distribution systems may be primary/secondary or variable flow 
in their design. Primary/secondary systems provide constant flow through the boilers and chillers, but 
vary the flow through the distribution system and are capable of only delivering the water required to 
meet specific loads. Variable flow systems vary the flow through the boilers and the chillers, and 
therefore consist of fewer pumps (LANL 2002).  

2.11 Plug-in Consumption and Ghost Loads 

Plug-in devices are particularly important in net zero energy building design, as they are often 
controlled to a lesser extent than the heating, cooling and lighting which has gone through a design 
process and been implemented with substantial controls. For energy efficient buildings, plug-in loads 
are expected to soon amount for over 50% of total building energy consumption, as HVAC systems 
and other building loads are increasingly fine-tuned (Kaneda et al 2010). As a result, plug-in loads 
cannot be ignored in buildings like the Frank Fenner building. Methods to reduce plug-in loads include 
replacing inefficient devices with their more efficient models, reprogramming devices such as 
scanners and photocopiers to turn off at night, installing occupancy sensors, and introducing direct 
current (DC) microgrids in buildings with DC generated electricity (such as rooftop solar) to directly 
control DC appliances, in order to avoid inverter losses (Kaneda et al 2010). 

Ghost loads are defined as the electricity used by devices when they are switched off or not 
performing their primary function. Ghost loads are also an important consideration in energy efficient 
buildings, as they do not provide any positive function and therefore need to be eliminated as much 
as possible (Davis 2011).  
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Chapter 3: Intended Building Design and Operation, the Frank Fenner 
Building 
As the first building in the ACT to achieve the maximum six Green Stars, The Frank Fenner Building has 
been  categorised  as  a  ‘World  Leader’  in terms of sustainable building design. This rating indicates that 
the Frank Fenner Building’s  design has included a number of processes to become as efficient and 
sustainable with energy, water and waste as currently possible. This chapter clearly outlines the main 
design aspects of the building, the modelling assumptions and the intended breakdown of energy 
flows within the building. 

3.1 Methodology 

Resources used to define the intended design and operation of the Frank Fenner Building: 

1. Umow Lai: Energy Modelling Report for ENE-Conditional Requirement & ENE-1 
2. Hindmarsh and Australian National University: Colleges of Science – Stage 2 Inground 

Pipework Infrastructure feasibility and options workshop – REPORT 
3. Umow Lai: Central Plant Facility Infrastructure Discussion Paper 
4. Frank Fenner Site Plans: Lighting, Power Supply, Mechanical Services, HVAC 

These are the key documents used to accredit the building for the Green Star Program, and outline 
the intended design of the building. The information dissected from these documents in this chapter 
outlines the key design aims and energy performance of the building.  

3.2 Building Design Overview 

Located within the Banks Precinct of the Acton campus of the Australian National University, the 
three-level Frank Fenner Building is a newly constructed building that contains the Climate Change 
Institute and approximately half of the staff within the Fenner School for Society and the Environment. 
Designed with energy efficiency in mind, the building opened in October 2011 and has since 
accumulated a substantial amount of metered electricity data in order to examine the demonstrated 
building performance. The use of the building is broken down in Table 1: 

Table 1: Building Area by Use 

Frank Fenner Building Breakdown Quantity 
Individual offices 35 
Shared offices - 2 8 
Shared offices - 4 2 
Shared offices – 5+ 4 
Meeting Rooms 3 
Tea rooms & lounges 3 
Store rooms + copy stations 6 
Bathrooms  3 
Number of thermal spaces 55 

Unlike many buildings within the Banks Precinct, the Frank Fenner Building does not have research or 
computer laboratories. With the exception of the Seminar Room on level one, the building is primarily 
designed to provide academic staff with a space to conduct their own desk-based computer work, so 
the building is not focussed on the teaching of students. Each office and meeting room typically has 
at least one external wall with windows, and the corridors are mainly located in the middle of the 
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building. Each level also contains a large open plan common room with tearoom facilities, several 
printing stations, and a number of bathrooms. Despite the inclusion of a lift, a prominent wooden 
staircase located near the level one entry appears to be the preferred means of travelling between 
different levels of the building. Individual offices are the most prevalent use of space within the 
building. Based on the breakdown outlined above, the building includes 49 offices and space for 82 
occupants. Each office, meeting room and lounge has individual control of the heating and cooling in 
the room. The  building   itself   forms  the  shape  of  an   inverted  ‘U’,   in  order  to  maximise  exposure  to  
natural light. 

3.2.1 Level One 

The first level is approximately 354m2 in size and divided between the Climate Change Institute and 
Fenner School infrastructure (large seminar room, reception and a number of private offices), in 
addition to toilets and a tea room (Umow Lai 2012). Access to the Climate Change Institute is restricted 
and as a result the area has not been physically explored for this thesis. The layout of Level One is 
displayed in Figure 1. 

 
Figure 1: Level 1 Layout  (O’Donnell  Griffin  2011) 

3.2.2 Level Two 

The second level of the building is approximately 438.5m2 in size and exclusively occupied by the 
Fenner School (Umow Lai 2012). This level includes the student wing, which contains shared and 
individual offices for doctoral candidates, as well as a number of small offices, each containing one or 
two academics. The second level also includes an internal access bridge through to the nearby Forestry 
building, it should be noted that this is the only internal access point between the two buildings. The 
layout of Level Two is displayed in Figure 2. 

Climate Change Institute 
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Figure 2: Level 2 Layout (O’Donnell  Griffin  2011) 

3.2.3 Level Three 

The third and top level of the building has a substantially smaller floor area than the lower two levels, 
at 297m2 (Umow Lai 2012). Besides the common area and bathrooms, this floor consists almost 
exclusively of individual or small shared offices. The layout of Level Three is displayed in Figure 3. 

 
Figure 3: Level 3 Layout (O’Donnell  Griffin  2011) 

The building was also designed to be an energy neutral building in its unoccupied state. This is defined 
to be the energy required to make the building habitable whilst excluding individual energy 
consumption and includes: the fans and pumps in the HVAC system, the energy required to cool the 
water for building air-conditioning, exhaust fans, hydraulic pumps, lift operation, and common area 
and external lighting. This does not consider the energy associated with computers or other personal 

Forestry Building 
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electronic devices, the lighting within specific rooms, fridges and other tearoom loads, printers and 
copier stations, and personal heaters. Whilst the model considers the energy associated with 
generating the cool water for air-conditioning, it does not consider the energy associated with 
generating the hot water for heating, as this is achieved with gas-fired boilers and is not an electrical 
load.  

In order to become energy neutral in this unoccupied state, the rooftop PV system was sized in order 
to match the consumption over the course of a year.  

3.3 Key Design Aspects 

The Frank Fenner building has a number of key design attributes that contributed to it successfully 
gaining the maximum Green Star rating for two categories, “Office Design”  and  “As-Built”. It should 
be noted that the Green Star rating is design-based, and that no formal performance analysis has since 
been undertaken on the building. This provides clear motivation for the basis of this project. 

3.3.1 Small Thermal Spaces 

The offices, meeting rooms and common spaces form approximately 55 different thermal zones in the 
Frank Fenner building. Each of these zones contain a Fan Coil Unit (FCU), a small piece of infrastructure 
located in the ceiling that controls the flow of hot or cold water through the particular area to adjust 
the temperature of the room. This requires a substantial amount of capital infrastructure, however it 
reduces the overall building’s  energy consumption (compared to a more traditional building with large 
thermal zones) by only heating or cooling specific areas as required and avoiding potentially large 
unoccupied spaces. This works in conjunction with a thermostat control panel in each space (Figure 4) 
that allows occupants to alter the temperature within a certain range to meet their comfort levels. In 
order   for   the  FCU  to  become  engaged,   the  occupant  needs  to  also  hit   the   ‘occupied’  button.    The 
temperature range was set as 21°C to 24°C in order to meet Green Star requirements, but can now be 
reprogrammed in order to better meet occupant requirements.  

 
Figure 4: Office Thermostat 

3.3.2 Passive Heating and Cooling  

In most cases, each office, meeting room and common room has at least one window that can be 
mechanically opened.  

A typical office window is shown in Figure 5. This particular window is located on the Level 2 corridor. 
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Figure 5: Double Glazed Windows 

Office windows provide the occupant(s) with the option of passively heating or cooling a space when 
conditions allow. Table 2 outlines the conditions where passive (or natural) ventilation can be 
employed. 

Table 2: Passive Ventilation Conditions 

External Temperature Ventilation 
> 27℃ Mechanical only 
< 17℃ Mechanical only 
18℃ < 26℃ Natural ventilation 

Figure 6 illustrates how this aligns with daily maximum temperature data taken for Canberra between 
the years of 2008 and 2014. The graph shows that natural ventilation is possible between the months 
of February and May as well as September and December. 

 
Figure 6: Natural Ventilation in Canberra (Bureau of Meteorology 2014) 

When the ambient external temperature is greater than 27°C or less than 17°C, the building should be 
sealed to allow the mechanical heating and cooling to operate as efficiently as possible. To assist the 
occupant(s) in understanding when to open their window, a Mode Indicator Panel has been 
implemented into each thermal space (Figure 7).  
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Figure 7: LED Mode Indicator Panel 

This system works in-line with the HVAC system and considers the existing temperature within the 
specific zone, the desired temperature as set by the thermostat panel, and the ambient temperature 
outside. It then advises the occupant(s) whether to open the window through three different coloured 
LEDs. The meaning of each LED is outlined in Table 3: 

Table 3: Mode Indicator LEDs 

Mode Indicator Light Meaning 
Red Do not open window 
Blue Open window if desired 
Green Do open window 

3.3.3 Glass Partitioning Walls  

The ‘U’   shape   of   the   building   has   been   implemented   with   the   specific   intention   of   maximising  
availability of natural light within the building. With building width kept to a minimum and external 
walls maximised, all offices and working spaces having at least one exterior wall and window. The 
partitions between each office and the main corridors have been constructed out of translucent glass. 
This provides the occupants with privacy whilst still allowing light to pass through the building and 
reducing the need for artificial lighting, as shown in Figure 8. 

 
Figure 8: Internal Glass Partition Walls 

3.3.4 Efficient and Modifiable Lighting 

The lighting in the building has been designed with a Digital Addressable Lighting Interface (DALI). This 
means that the specific lights controlled by each light switch can be reconfigured without re-wiring, 
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resulting in greater flexibility for changes in the space usage. Throughout the building, the lighting is 
a combination of fluorescent tubes, compact fluorescents and LEDs. Lighting inside offices has been 
divided into general lighting provided by ceiling mounted fluorescent tubes, and task lighting provided 
by LED desk lamps. The external windows and internal glass walls also allow for substantial natural 
light penetration. Throughout the building (including common areas, photocopier bays and 
bathrooms), the general lighting has been connected to motion sensors in order to ensure that the 
lights are off when the space is unoccupied. 

Modelling of the internal common area lighting has been conducted using the NABERS automated 
time of use schedule. Modelling of external lighting was conducted by assuming it was in operation 
for 12 hours a day, 365 days a year. For both internal and external lighting, an additional 10% was 
added to allow for the ballast.  

3.3.5 Central Plant 

The Frank Fenner Building is one of six buildings that are currently connected to the ANU Central Plant. 
The remaining buildings are as follows (Umow Lai 2011):  

1. The Linnaeus Building, Research School of Chemistry (Building 134) 
2. Hancock Building – West Wing (Building 43) 
3. Sciences Teaching Building (Building 136) 
4. Chemistry Building (Building 137) 
5. Michael Birt Building (Building 138) 
6. Frank Fenner Building (Building 141) 

The Central Plant currently consists of the following equipment: 
Table 4: Central Plant Equipment (Umow Lai 2011) 

Equipment Capacity No Capacity 
Centrifugal chillers 2100 kW 2 4200 kW 
Cooling towers 2500 kW 3 7500 kW 
HHW Generators 2000 kW 3 6000 kW 
CHW Storage Tanks 790 kL 3 2000 kL 

Figure 9 displays one of the two chillers, with the large storage tank visible in the background:  

 
Figure 9: Central Plant Chiller (foreground), Cold Storage Tank (background) 
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Figure 10 displays one of the three boilers: 

 
Figure 10: Central Plant Boiler 

Figure 11 displays the rooftop cooling towers, which use cool atmospheric conditions to cool water:  

 
Figure 11: Roof Mounted Cooling Towers 

The building has been designed to allow the installation of a third centrifugal chiller and fourth Heating 
Hot Water (HHW) generator in the near future, thereby increasing the capacity of the Central Plant to 
other university buildings.  

Chilled water is generated in the Central Plant by a combination of electrically-driven chillers and 
cooling towers, with three large storage tanks to allow for generation when conditions (both 
atmospheric and economic) prevail. The electricity balance for the Frank Fenner model includes the 
energy associated with the Frank Fenner portion of chilled water, and as a result the electrical load 
from the Central Plant is important to total electricity consumption. The hot water is generated 
through gas-fired boilers, and whilst still important, it not part of the final electricity balance 
calculation that is used to size the PV array.  
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The Central Plant has eight different modes of cooling, in order to produce cold water as efficiently as 
possible. They are detailed in Table 5: 

Table 5: Central Plant Cooling Modes (Umow Lai 2012, 24) 

Mode  Title Cooling Process 
1 Direct Atmospheric Cooling Cooling towers  
2 Direct Atmospheric Cooling & Tank 

Chilled Water 
Combination of cooling towers and tank chilling 

3 Tank Chilled Water Tank chilling only 
4 Tank and Chillers Combination of tank chilling and chillers 
5 Chillers & Tank Pre-Cooled Tanks pre-cool water, process completed by 

chillers 
6 Chiller Chillers only 
7 Tank Charging Atmospheric Cooling Cooling towers charge the tank (requires wet 

bulb temperature < 5°C 
8 Charging Tanks with Chillers Uses chillers to charge tanks overnight. Lower 

atmospheric temperature allows the chillers to 
run at a higher efficiency 

The Coefficient of Performance (COP) of the cooling process varies continuously, with the model 
simulating the processes at hourly intervals over a year to show a COP range between 2 and 17 (which 
considers pumping energy within Central Plant) (Umow Lai 2012, 25). The efficiency of the boiler is 
taken as 83% (Umow Lai 2012, 18). 

3.3.6 Internal HVAC Operation 

Inside the Frank Fenner building, spaces are heated and cooled using four chilled beams in the ceiling. 
This involves both a radiant and convective exchange: cool air descents into the space, whilst hot air 
displaces air already in the room.  

Fresh air is provided to the building through intake louvres in the building facade. This air is pre-cooled 
or pre-heated and is supplemented by the chilled beams.  

In  order  to  activate  the  system  in  a  particular  zone,  the  ‘occupied’  button  needs  to  be  pressed. The 
system will then run for 2 hours before requiring switching on again. The system also works in 
conjunction with windows that can be manually opened. If the space is unoccupied, the windows 
should be shut and the chilled beams will not operate. 

An identified problem with chilled beams is condensation on the pipes. To avoid this problem, each 
temperature zone has a condensation sensor installed. If the sensor is activated, cooling is temporarily 
suspended for ten minutes, or until the condensation has evaporated (Umow Lai, 29).  

3.3.7 PV Generator 

A 34kW photovoltaic solar system has been included in the building design, sized to match the 
unoccupied electrical load in the building. The PV system consists of 142 panels mounted on both the 
roof of the Frank Fenner building and the adjoining Forestry Building. Figure 12 and Figure 13 detail 
the panels located on the Frank Fenner building rooftop and Forestry building rooftop: 
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Figure 12: PV System, Frank Fenner Roof (Engerer, 2014) 

 
Figure 13: PV System, Forestry Roof (Engerer, 2014) 

The system has been designed to produce 45,246kWh per year, with electrical consumption modelled 
at 40,000kWh per year (ignoring occupied loads, heating energy and domestic hot water heating). 

3.3.8 Detailed Metering 

Twenty-one meters have been integrated into the building in order to monitor energy usage and 
assess building performance and are listed in Table 6: 

Table 6: Frank Fenner Building Metering 

Category Measurement Quantity Total Number 
Electricity Lighting 2 on each level 6 
Electricity Power 2 on each level 6 
Electricity MSSB Level 1, Level 2 3 
Electricity Main Supply 1 1 
Electricity PV Supply 1 1 
Total Electricity Meters 17 
Water Ground tanks domestic water 1 1 
Total Water Meters 1 
Thermal  Cold Water Supply 1 1 
Thermal Hot Water Supply 1 1 
Total Thermal Meters 2 
Gas Ground Gas Plant 1 1 
Total Gas Meters 1 

Whilst this does not reduce energy consumption, it allows for the energy to be monitored in high 
detail. The meters have been integrated into the ANU Sustainability Dashboard, allowing for reading 
of the data in real-time, facilitating a greater understanding of how the building is operating. 
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3.4 Modelled Energy Consumption 

In order to achieve the 6 Star Green Star rating, a substantial amount of modelling was conducted on 
the building during the design phase. This was conducted by the consultancy Umow Lai, using software 
from   Equa   titled   ‘Indoor   Climate   &   Energy   V4.0’ (Umow Lai 2012, 3). The most significant 
considerations and assumptions used in the model are summarised below: 

3.4.1 Building Construction 

1. Overshading from the Forestry Building has been considered; 
2. The landscape is assumed to be flat (this is conservative); 
3. The windows have been modelled as one window per wall; 
4. The  exterior   ‘checkerboard’  design  has  been  modelled  as   solid  panels   running  vertically   in  

front of windows; 
5. Insulation has been taken as R2.8 for the walls and R4.5 for the roof (Umow Lai 2012, 7). 

3.4.2 Lighting 

1. Internal common area lighting has been based on NABERS automated time of use schedules; 
2. External common area lighting has been based on 12 hours per day, 365 days per year; 
3. For both internal and external lighting includes an additional 10% of power for the ballast 

(Umow Lai 2012, 38).  

However,  the  areas  that  have  been  designated  as  ‘common  areas’  in  the  modelling  document  are both 
inconsistent and misleading. Of the 23 spaces listed, 8 are common areas, 10 are private offices (1-2 
occupants) and 5 are undefined (Umow Lai 2012, 37). Of the 43 private offices in the building (defined 
as having 1-2 occupants), 10 have been included in the modelling with no further justification. 
Furthermore, the modelling fails to include the corridor on Level 2 and 3 in its analysis, as well as the 
large Level 1 Seminar Room (although the room number is listed, the associated area indicates that it 
is referring to the adjoining store room, 1.01B). For greater detail, Refer to Appendix A. 

3.4.3 Non Plug-In Loads 

1. Fans (FCUs and HRVs) operate during standard operating times. They have a variable speed 
and therefore draw below their capacity. Energy has been calculated using thermal modelling 
software, based on Fan Supply Air Flow (L/s), No. of Fans, and Fan Power Input (kW); 

2. Exhaust fans (in the toilets and communication rooms) are assumed to run at full capacity 
based on the NABERS HVAC schedule; 

3. The lift energy has been calculated by the default NABERS rating of 8kWh/m2; 
4. Hydraulic pumping includes rainwater irrigation (92kL irrigation/year), recycled water (45 

minutes/day), hot water circulation (12 hours/workday and 5 hours/weekend day), and the 
sewer pump (2.5 hours/day) (Umow Lai 2012, 31-36). 

3.4.4 Heating 

1. Efficiency of the gas turbines are taken to be 83%; 
2. Gas heating  associated  with  the  Frank  Fenner  building  is  calculated  by  dividing  the  building’s  

hot thermal demand by the efficiency; 
3. The tenant equipment heating loads have been based on NABERS protocol, with an average 

heat load of 11 W/m2 (Umow Lai 2012, 15-20). 



 

20 

 

3.4.5 Cooling 

1. Cooling electricity associated with the Frank Fenner building is calculated by dividing the 
building’s  cold  thermal  demand  by  the  COP  at  regular  time  intervals.  The  COP  includes  the  
energy demand from the chillers, pumps, and cooling tower fans;  

2. Central Plant chilling operates in eight different modes, dependent on load and ambient 
conditions. The mode of operation and associated COP has been simulated over a year (Umow 
Lai 2012, 20); 

3.4.6 Domestic Hot Water 

1. Central Plant will provide domestic hot water 40% of the time (during the times that heating 
is also provided to the building). For the remainder of the time, domestic hot water is supplied 
by local gas fired plants. 

2. The efficiency of the local gas fired plants is 80%. Note that this is 3% below the stated 
efficiency of the Central Plant gas turbines as stated above under heating assumptions (Umow 
Lai 2012, 35). 

3.4.7 Modelling Simulation Results 

Energy use within the Frank Fenner building modelling has been divided into electricity and gas, with 
the results available in Table 7 below. The cold water is electrically generated using chillers (or direct 
atmospheric chilling if the conditions allow), and is therefore counted within electricity consumption. 
The hot water is generated with gas, as is the domestic hot water supplied to the bathrooms. 

Table 7: Annual Energy Summary (Umow Lai 2012, 39) 

Component Electrical demand (kWh/yr) Gas demand (MJ/yr) 
Fans (FCUs & HRVs) 12,087  
Cooling 2,495  
Heating  43,219 
Exhaust fans 3,065  
Lift energy 8,717  
Common area lighting 7,605  
External lighting 1,892  
Pumps (HVAC) 836  
Pumps (hydraulic) 3,303  
DHW  18,363 
Total 40,000 61,582 

The following two charts, Figure 14 and Figure 15, display the annual breakdown of electricity and gas 
consumption, based on Table 7 above.  
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Figure 14: Modelled Energy Usage - Electricity Breakdown 

The internal HVAC infrastructure (FCUs and HRVs) is clearly the most significant modelled load, at 30%. 
This is not unsurprising given the high number of thermal loads within the building.  

The lift is also expected to be a significant consumer, at 22%. However, this figure is based on the 
NABERS rating alone and has not considered the attitudes of the building occupants, the relatively low 
number of levels and the prominent internal staircase.  

Finally, common area lighting represents 19% of the consumption. However, as previously discussed, 
the   areas   that   are   designated   as   ‘common   area’   lighting   are   inconsistent   and   inaccurate,   so   this  
breakdown is relatively meaningless.  

 
Figure 15: Modelled Energy Usage - Gas Breakdown 

The gas usage stems from the generation of hot water, either in the Central Plant (for building heating 
and domestic hot water) and through standalone gas units within the building (for domestic hot water 
when Central Plant is not supplying hot water). Figure 15 shows the breakdown of modelled gas 
consumption. 
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3.5 Modelled PV Generation 

The PV system was a significant part of the design process, with the assumptions and results forming 
a chapter of the modelling report.  

3.5.1 PV System Assumptions 

1. 142 modules installed on the roof of the Frank Fenner building and the adjacent Forestry 
Building, nominally delivering 34.08kW of power (Umow Lai 2012, 40); 

2. PVSyst was used for this modelling, and incorporated inter-row shading, measured solar 
access and climate data (Johnston 2011). 

3.5.2 Simulation Results 

The PV system has been sized in order to provide 45,250 kWh over the course of a year (Umow Lai 
2012, 40). This has been sized in order to offset the electricity use outlined above (expected to be 
40,000 kWh/year), with a buffer of approximately 5,000 kWh/year. 

3.6 Additional Modelling 

Additional modelling has been conducted on an independent basis in the design of Central Plant, and 
the results obtained from ANU Facilities and Services. The modelled spreadsheet lists the thermal 
demand (both heating and cooling) to all six buildings connected to the Central Plant at hourly 
intervals over a year, providing the results in Table 8. Unlike the Umow Lai modelling, it has not 
calculated the associated consumption of electricity or gas.  

Table 8: Additional Central Plant Modelling 

 Central Plant Thermal Load (kWh/yr) 
Heating Sum  107,743 
Cooling Sum  67,971 
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Chapter 4: Demonstrated Performance, the Frank Fenner Building 
This chapter presents a clear understanding of how the Frank Fenner building is performing after a 
number of years of operation. Results have been obtained from a number of sources, including 
metered data and observed behaviour. These are compared with the modelled results from Chapter 
three in order to determine building performance using the modelled data as the baseline. 

4.1 Methodology 

A  variety  of  methods  were  used  to  derive  an  understanding  of  the  building’s  performance,  including  
data collection from databases and plug-in power meters, conducting building walk throughs and 
conducting short trials. 

4.1.1 Data Collection: ANU Sustainability Dashboard  

The  Sustainability  Dashboard   (henceforth   referred   to  as   “Dashboard”)  has  been  developed  by   the  
Facilities and Services Division of the ANU. Located on a web-based platform, it aims to provide 
building managers and other interested parties with the consumption data of university buildings, 
including electricity, water and thermal heating/cooling demand where appropriate.  

In order to quantify the performance of the Frank Fenner Building, data from the 21 meters in the 
building was downloaded from the Dashboard. In addition to this, data has also been obtained for the 
electrical consumption of Central Plant and the cold water thermal load to the other buildings that 
utilise the Central Plant.  

Assumptions made in the data collection process are as follows: 

1. Data was obtained at one hour intervals and one month intervals. In general, data was 
obtained for the year of 2013, as this is the most complete dataset. Data prior to mid-2012 
was lost in the changeover to the Dashboard from the previous system, ION. 

2. Gaps of several months are filled using data from the previous or following year. 
3. Where data for a month is missing or corrupted (identified as being more than two standard 

deviations from the mean), the value for the month is taken as the mean of the data from the 
months immediately preceding and proceeding.  

4. Boiler efficiency is taken as 83%, as outlined in the Building Report. 

4.1.2 Data Collection: ANU Building Management System 

As a relatively new system, a number of meters have not yet been integrated into the Dashboard. In 
order to attain this data, it was necessary to gain access to the dedicated Building Management System 
(BMS) computer within the Facilities and Services Division in the Anthony Low Building (124). Once 
the desired meters were selected, the system allowed ten archived files to be downloaded at a time, 
approximately  equivalent  to  one  month’s  data.  When  the  data  was  available,  it  was  recorded in fifteen 
minute intervals. A substantial amount of data processing was required in to obtain hourly averages 
of the data over a full year in order for it to be comparable with data taken from the Dashboard.  

4.1.3 Modelled Central Plant: Heating and Cooling Load 

ANU Facilities and Services commissioned a yearly model of the thermal load to each of the six 
buildings connected to the Central Plant. This spreadsheet includes modelled hourly heating and 
cooling energy for the Frank Fenner building and has been used in the heating and cooling results 
section of this chapter as a benchmark for building performance. Whilst the Umow Lai report only 
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considers the operation of the common areas of Frank Fenner building, this spreadsheet considers the 
building as a whole. 

4.1.4 Data Collection: Meteocontrol 

Meteocontrol is an international company that specialises in the monitoring of PV system 
performance. Meteocontrol has been engaged by the installers of the PV system, Laros Technologies, 
to record the output of the Frank Fenner PV system. This data is available through their web-based 
database and allows for performance analysis and problem diagnosis to be conducted remotely. 

4.1.5 Plug-In Power Meters 

Power consumption data has been collected for key plug-in devices using five of the plug-in power 
meters shown in Figure 16. Whilst this is a relatively small sample size, it provides an insight into the 
occupant-dependent consumption within the building, which has been ignored through all of the 
modelling and analysis of the building thus far. The plug-in power meters provide a sum of the total 
power drawn whilst the power point is turned on. The meters do not log consumption data and 
therefore the readings are a cumulative value of the electricity drawn for the time period since the 
power point was last turned off. The power meters have been connected to the following devices: 

1. Photocopying/Printing Station, Level 2: This is one of 3 printing stations in the building. The 
existing Canon printing stations were replaced with more energy efficient Fuji-Xerox models 
in August 2014. The plug-in power meter captured data from both types of printing stations. 

2. Fridge, Level 2 Tearoom: There are 3 fridges in the building.  
3. Instant Hot/Cold Water System, Level 2 Tearoom: There are 3 instant hot/cold water systems 

in the building. The systems are not shut down overnight or on weekends.  
4. Personal Oil Heater, Office 1.04: During winter, this office is uncomfortably cold and the 

heating system struggles to heat the room to the selected temperature. As a result, a small 
personal heater is often used underneath the desk. It should be noted that this is the office of 
the Administration Manager, and unlike most others in the building, his office door needs to 
be kept open. Furthermore, the office is located on the same level as the external door, which 
provides a draft of cold wind when open. 

5. Desktop Computer System, Office 2.14: This meter has been installed on the computer system 
of Dr Ceridwen Fraser, a Lecturer for the Fenner School. Dr Fraser is representative of many 
of the academics in the building: she has a reasonable teaching load and spends time 
attending conferences, but spends a significant amount using her computer station in her 
office. The power meter is installed to one computer with two monitors. 

 
Figure 16: Plug-in Power Meter 
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4.1.6 Building Walk Throughs 

A substantial amount of time was spent walking through the building throughout the course of 2014, 
talking to building occupants, and documenting observed design/construction faults in the building.  

4.1.7 Thermal Bridge Door Trial 

Measurement of the heating in the building is only available on a large scale. In order to quantify the 
effect of the thermal gradient on the level two bridge, the fire doors separating the Frank Fenner 
building from the Forestry building were closed from 1st August 2014 to the 1st September 2014.  

Thermal imaging was conducted on Tuesday 19th August to quantify the temperature difference either 
side of the closed doors on the level two Fenner/Forestry Bridge. This was conducted late in the 
afternoon in order to avoid excessive mixing of the air due to people opening the doors.  

4.2 Results 

The results section details the demonstrated performance for the six key areas of electricity and gas 
consumption: lighting, plug-in loads, mechanical services, heating, cooling, domestic hot water (DHW) 
and PV performance. This includes a consideration of demonstrated performance versus the modelled 
performance, as outlined in Chapter three.  

4.2.1 Lighting 

Lighting data is available for both general and external lighting in the Frank Fenner Building. Although 
each office has 1-2 plug-in LED desk lamps, it is difficult to quantify this electricity consumption as it is 
metered   as   ‘power’,   not   ‘lighting’.   Furthermore,   the   usage   of   these   lamps   appears   to   be   highly  
sporadic throughout the building, with many occupants not using the lamps. 

The lighting data as represented in Figure 17 is the embedded building lighting: fluorescent tubes, 
compact fluorescents and LEDs that are installed throughout the building. 

 
Figure 17: Lighting Consumption, 2013 

The yearly trend indicates a predominantly flat linear profile, with a slight increase during the winter 
months to account for the reduced number of daylight hours.  
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The measured lighting energy is compared to modelled consumption in Table 9. The results show that 
the actual consumption is significantly higher than the modelled performance.  

Table 9: Lighting Consumption Data 

Level 2013 Consumption 
(MWh/year) 

Modelled Consumption 
(MWh) 

Difference from modelled 

1 6.93 4.85 42.69% 
2 7.70 2.46 212.88% 
3 4.86 2.18 122.40% 
Building total 19.48 9.50 105.11% 

This difference is largely due to the modelling only considering common areas, whilst the meters 
record lighting consumption throughout the building. However, as previously explained, the areas that 
have  been  designated  as  ‘common  areas’  in  the  modelling  document  are  inconsistent  and  misleading.  
As a result, the comparison between modelled and actual lighting loads is meaningless. 

However, the total area  of  the  rooms  designated  as  ‘common  areas’  in  the  Umow  Lai  report  accounts  
for approximately 37% of the total building floor area. The modelled consumption in the table above 
accounts for approximately 48% of the total lighting consumption measured in 2013. If the modelled 
consumption is extrapolated to account for 100% of the building floor area, as opposed to only 37%, 
the modelled load becomes 25.65MWh/year, approximately 6.17MWh/year larger than the measured 
value. Whilst this calculation makes a number of large assumptions and cannot be relied upon, it does 
indicate that the demonstrated lighting use for the entire building is similar to the modelled lighting 
use on a section of the building, and therefore performing well. 

4.2.2 Plug-In Loads 

The 6 meters  labelled  ‘Power’  in  the  ANU  Dashboard  measure  the  electricity  consumption  associated  
with ICT equipment, kitchen appliances (such as fridges, microwaves, coffee machines and instant hot 
water), as well as other appliances that are plugged in throughout the Frank Fenner building (including 
the LED desk lamps that were discussed in the Lighting Section). This consumption was excluded from 
the modelling process as it is dependent on occupation. 

Figure 18 below displays the electricity consumption from the general power outlets (GPOs) across 
the three levels and the total building summary across the year 2013. 

 
Figure 18: Plug-In Power Consumption, 2013 
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The annual consumption of plug-in loads by floor level is shown in Table 10: 
Table 10: Plug-in Loads Consumption Data 

2013 Plug-In Power Data Consumption (MWh/year) Percentage Total Load (%) 
Level 1 17.62 42.4 
Level 2 14.38 34.6 
Level 3 9.56 23.0 
Building Total 41.56 100% 

Whilst predominantly flat, there are a number of important conclusions that can be drawn from the 
data: 

1. Level 1 uses more electricity from plug-in devices than the other floors, despite Level 2 having 
a greater floor area. This is likely due to the multimedia equipment used in the Seminar Room 
(projector), as well as the personal heaters used in 5 of the ground-floor offices (this is due to 
the draft that comes from the external automatic door). 

2. The Level 1 trend indicates a significant increase over winter: this can again be attributed to 
the personal heaters, which are absent on the higher floors. 

3. Level 2 uses less electricity from GPOs than Level 1, despite its increase in floor level. This 
indicates minimal additional loads in the personal offices. 

4. Level 3 uses the least electricity from GPOs with a fairly linear yearly profile. This is due to its 
reduced floor area. 

5. All levels indicate a slight reduction in electrical consumption from GPOs during December 
and January. This is likely a result of Christmas/New Year leave.  

4.2.2.1 Additional Plug-In Devices 

Very few additional devices have been plugged into the GPOs in the Frank Fenner building. Besides 
the LED desk lamps (which are often unused), miscellaneous personal devices in offices, and projector 
equipment in the Frank Fenner Seminar Room, the number of plug-in devices in the building is minimal 
(refer to Appendix B: Frank Fenner Building Plug-In Appliance Audit, for greater detail). 

The plug-in power consumption of five devices has been broken down to a greater level using five 
plug-in power meters, with the results shown in Table 11. The power meters do not have logging 
capabilities, and reset every time they are switched off at the power point. Consequently, the 
measurement period for the devices below is inconsistent. Further details regarding the amended 
rating for meter four and five are provided below the table. 
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Table 11: Plug-in Meter Calculations 

Meter Equipment Reading 
(kWh) 

Number 
of days 

Average 
consumption 
(kWh/day) 

Total 
quantity 

Operational 
days/year 

Total 
Consumption 
(MWh/year) 

1 Photocopier 
(Canon) 

316.6 48 6.60 3 365 7.23 

Photocopier 
(Fuji-Xerox) 

41.67 34 1.23 3 365 1.34 

2 Fridge 52.19 22 2.37 3 365 2.60 
3 Instant 

hot/cold 
water system 

159.30 92 1.73 3 365 1.90 

4 Personal 
heater 

281.70 13 21.67 5 92 9.89 

Personal 
heater 
(amended) 

1.6 kW, 7h/day 11.2  5 70 3.92 

5 Desktop 
computer 

31.90 61 0.52 82 365 15.65 

 Desktop 
computer 
(amended) 

5% added 0.55 82 365 16.43 

 Total 32.08 

The meters continue to measure overnight and on the weekend. As a result, the average daily 
consumption incorporates the reduced use and ghost loads on the weekend or during down periods. 
The following considerations and assumptions need to be taken into account when analysing the 
above results: 

1. In August 2014, the Canon MFD printers were replaced by Fuji-Xerox printers in the building. 
Data from the plug-in power meter indicated an approximate 80% reduction in electricity 
consumption with the new meters, from 6.6 kWh/day to 1.2 kWh/day. However, the 
consumption from the Canon photocopiers is what has been measured by the dashboard 
power meters throughout 2013, so this is what will be used. 

2. The electrical consumption associated with the fridges in the building value is a slight 
overestimate, as the meter was connected to the full size fridge on level 2. The fridge on level 
3 is half size, and is therefore likely to consume less electricity.  

3. Use of the instant hot/cold water system is relatively consistent over the year. Occupants use 
hot water for tea and coffee, as well as filling water bottles with chilled water. 

4. The metered data obtained for the personal heater is corrupt. The meter indicated that the 
heater used 281.70 kWh over a 13 day period during a warm September, when the heater 
was not switched on. Unfortunately, access prevented obtaining earlier readings, so 
theoretical values of similar sized personal heaters have been used to calculate a more 
realistic heater consumption. The heaters are typically only used through the winter months, 
and the amended value is only for days when the heater is switched on (not weekends). 

5. The desktop computer measurement appears reasonable. The measurement was adjusted for 
one-month of leave that was taken by the occupant by reducing a portion of the reading as 
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well as the number of days measured. However, the occupant of this office always shuts her 
computer down at the end of the day, and this is not indicative of all occupants as determined 
from building walkthroughs. In order to calculate a more indicative computer electrical load, 
5% has been added to the load in order to account for the standby power consumption when 
the computer is not completely shut down. 

Figure 19 shows an estimated breakdown of plug-in loads based on the electrical consumption 
outlined in Table 11 above.  The  category   ‘Unknown’  represents  those   loads  not  captured  with  the  
plug-in power meters, including personal office devices, projector equipment, LED desktop lamps, and 
plug-in loads within the Climate Change Institute. 

 
Figure 19: Plug-In Data Loads, extrapolated over one year 

As evident from the graph above, 76% of the plug-in load consumption within the building can be 
quantified. The largest consumer is identified as desktop computers, followed by the photocopiers 
and then the personal heaters on level one.  

4.2.3 Mechanical Services 

Mechanical services in the building encompasses most of the HVAC infrastructure, including FCUs and 
pumps. This meter also considers the lift energy. Mechanical services is only metered on the first and 
second level of the building.  

Figure 20 displays the mechanical services for the building throughout 2013. There is a significant peak 
towards the end of the year, before a sharp decline during December to reflect the Christmas-New 
Year shut-down when very few staff occupy the building. The contrast in the electrical load in 
December and January is significant as a result of this effect.  
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Figure 20: Mechanical services consumption, 2013 

The annual consumption of plug-in loads by building floor level is shown in Table 12: 
Table 12: Mechanical Services Consumption Data 

2013 Mechanical Services Data Consumption (MWh/year) 
Level 1 25.01 
Level 2 32.88 
Building Total 57.88 

The total measured consumption of 57.88 MWh/year is approximately 207% of the modelled 
mechanical services data, which was measured at 28.01 MWh/year.   

HVAC infrastructure is the greatest percentage of the modelled consumption, at 57.08%. The 
modelled lift data accounts for 31.12%, and it is likely that this is a conservative amount due to the 
relative ease of using the centrally located staircase to travel between the three floors. However, this 
cannot be confirmed as it was not possible to obtain detailed metering of the lift electricity 
consumption. Hydraulic pumping accounts for approximately 11.79% of modelled consumption. 

The high discrepancy is likely due to the HVAC infrastructure not considering FCUs in non-common 
spaces. However, the method used by the modellers to divide common areas from private spaces has 
already been explained as problematic.  

4.2.4 Heating 

Heating energy is derived from the kilowatt hours thermal load entering the Frank Fenner Building 
from the Central Plant. Figure 21 displays the heating demand over the year 2013 compared with the 
modelled heating load for the Frank Fenner building from Central Plant. 
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Figure 21: Heating Load, 2013, modelled vs actual 

As can be seen in Figure 21, the actual heating load is less extreme than the modelled load, with higher 
consumption during the summer months and lower consumption during the winter months. Annually, 
the actual exceeds the modelled consumption by only 3%, demonstrating that the building is 
performing well.  

Whilst the figure above considers the rated HHW energy, a conversion to nominal HHW energy is 
required using the Central Plant turbine of 83%, with the results shown in Table 13. The conversion 
from kilowatt hours to megajoules is then achieved by multiplying by a factor of 3.6 (based on 1W = 
1J/s, multiplied by the 60*60 seconds in an hour, and then divided by 106 in order to derive the answer 
in Mega joules).  

Table 13: Heating Consumption by Month, 2013 

Month (2013)  Rated - 2013 (kWh) Nominal - 2013 (kWh) Nominal - 2013 (MJ) 
January 1320 1590.36 5725.30 
February 2390 2879.52 10366.27 
March 5410 6518.07 23465.06 
April 7250 8734.94 31445.78 
May 14340 17277.11 62197.59 
June 16530 19915.66 71696.39 
July 22270 26831.33 96592.77 
August 19760 23807.23 85706.02 
September 9130 11000.00 39600.00 
October 6780 8168.67 29407.23 
November 4230 5096.39 18346.99 
December 1600 1927.71 6939.76 
  Total 481,489.16 MJ/year 

The Umow Lai simulation listed the annual heating gas demand as 43,219 MJ/year, approximately 9% 
of the load measured above. It is difficult to account for this large discrepancy, as common areas make 
up more than 8% of space in the building. This substantial difference in heating energy consumption 
is a significant indication of a poor relationship between the modelled and demonstrated consumption.  
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It should be noted that the gas consumption was not relevant for the final building energy balance as 
modelled by Umow Lai in determining the size of the PV system, as this only considered the 
consumption and generation of electrical energy.   

4.2.4.1 Level Two Bridge Trial 

The fire doors separating the Frank Fenner building from the Forestry building were closed from 1st 
August 2014 to the 1st September 2014, with the exception of people walking through. This was 
initiated as a result of there being a noticeable ambient temperature difference between the two 
buildings, with the Forestry building being notably cooler. During the trial, however, the Forestry 
building was clearly warmer than the Frank Fenner building, as shown by the data below. This result 
appears confusing, however it was found that the internal temperature in the Forestry building 
fluctuated significantly during June and July 2014 due a faulty boiler system, resulting in the building 
having no active heating system on a number of days when the boiler broke down. The boiler was 
successfully fixed in July 2014, therefore heating the Forestry Building consistently for the month of 
August. 

The metering data through this period is shown in Table 14: 
Table 14: Door Trial Heating Data, 2014  

Month  Rated - 2013 (kWh)  Rated - 2014 (kWh) % Difference 
June 16530 19480 15.14% 
July 22270 25150 11.45% 
August 19760 21660 8.77% 
September 9130 12780 28.56% 

As heating is dependent on the ambient temperature, ambient temperatures for the measured period 
must be taken into account. Table 15 illustrates that the 2014 winter period was consistently colder 
than the same months in 2013: 

Table 15: Average Daily Maximum Temperature, 2014 

Month 
Average Temperature (°C) Difference (%) 
2013 2014 Temperature HVAC 

June 13.9 13.2 -0.05 15.14 
July 13.4 12.2 -0.10 11.45 
August 14.8 14.3 -0.03 8.77 
September 19.9 17.9 -0.11 28.56 

As shown in Table 15, the lower ambient temperature results in an increase in the heating demand 
for 2014, as evident through the table above. Whilst the HVAC demand during has a smaller increase 
than the July or September, the data is not conclusive. 
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The results of the thermal imaging are as follows: 

 
Figure 22: Bridge Thermal Image, Frank Fenner side 

 
Figure 23: Bridge Thermal Histogram, Frank Fenner side

 

 
Figure 24: Bridge Thermal Image, Forestry side 

 
Figure 25: Bridge Thermal Histogram, Forestry side 

The thermal camera reveals a temperature difference of approximately 4.6°C either side of the sealed 
door.  Although the difference is not evident in heating demand, the thermal imaging infers that there 
would be a significant amount of heat being exchanged between the two buildings when the doors 
are open. This is not something that has been considered during the modelling phase.  

4.2.5 Cooling 

Cooling performance is the most difficult data to obtain and analyse, as unlike the heating data, the 
COP is not constant and varies between the eight modes of operation. Cold water is generated on a 
large scale in the Central Plant before being pumped into the Frank Fenner Building (and five other 
buildings) via a network of pipes. In obtaining the energy used by the Frank Fenner building, it is 
necessary to first ascertain the percentage of total cold water that the Frank Fenner building uses out 
of total supply, and then apply this percentage to the total amount of electricity used to produce the 
cold water in the Central Plant. Thermal energy is metered in kilowatt hours for all six buildings, 
however it is only available in the Dashboard for four buildings. For the two remaining buildings 
(Michael Birt Building and the Research School of Chemistry), it is necessary to obtain the pulse logs 
from the BMS.  

Figure 26 below represents a comparison between the Central Plant modelling (not the Umow Lai 
modelling) and the actual cooling load for the Frank Fenner building in 2013 (with actual data only 
available for the second half of the year). Note that this is not electrical energy, as COP has not been 
taken into account. 
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Figure 26: Frank Fenner Cooling Load, 2013, modelled vs. actual 

From Figure 26, it can be seen that the modelled and actual loads are similar. From June to December 
2013, when data was available for both trends, the measured performance of the building was 
approximately 74% of the modelled load for the same period. This difference is due to the modelling 
supplying a small amount of cooling to the building during the winter period (when the measured 
performance was mostly zero), as well as the Frank Fenner cooling load performing better than 
modelled on a number of occasions.  

Due to the poor quality of metered data, it was not possible to convert these values to the 
approximate electrical load associated with the generation of cold water for the Frank Fenner building. 
The first option was to divide the thermal load by the corresponding hourly COP, however this was 
not recorded at Central Plant. The second option was to determine the percentage of total thermal 
load the Frank Fenner building drew each hour, and apply this to the electrical consumption of Central 
Plant. However, this required a substantial amount of thermal load data for all six buildings connected 
to Central Plant, and only a very small percentage of thermal data was available for each building with 
little overlap of dates. There were also substantial errors in the data for the two buildings taken from 
the BMS, with the Chemistry building recording a constant reading with no fluctuations and the Birt 
building recordings readings that were larger than Chemistry by a factor of ten.  

The original Umow Lai modelled cooling data was very detailed, and included a simulation of Central 
Plant operating mode over a year including consideration of total cooling demand and ambient 
conditions. As a result, a high quality of measured data was required in order to perform an accurate 
model versus performance comparison, and this is not possible with the data that has been obtained.  

According to the Umow Lai modelling report, the COP for Central Plant varies between two and 
seventeen, with an annual mean of approximately 7 (refer to Appendix C: Central Plant Hourly System 
COP). In order to provide a value for the final energy balance, the electrical cooling load will be 
determined by first taking the demonstrated six monthly thermal load data (from 1st July 2013 to the 
31st December 2013), multiplying by a factor of two to achieve an approximate annual measurement, 
and then applying the minimum and maximum COPs to determine the potential range of electrical 
cooling. The results are shown in Table 16: 
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Table 16: Electrical Cooling Load, using modelled COP 

Condition Load Units 
July – December 2013 35,300 kWh (thermal) 
January – December 2013 70,600 kWh/year (thermal) 
COP = 2  35,300 kWh/year (electrical) 
COP = 7 10,086 kWh/year (electrical) 
COP = 17 4,153 kWh/year (electrical) 

Based on Table 16, the electrical load associated with the Frank Fenner building lies within the range 
of 4.1MWh/year and 35.3MWh/year. In order to obtain a specific value for the final electricity balance, 
the modelled mean COP will be used, giving a value of 10.1MWh/year. It should be noted that this 
method has a substantial error range and should not be used out of this context. 

4.2.6 Domestic Hot Water 

Figure 27 shows the dashboard data for the consumption of gas in the DHW systems.  

 
Figure 27: DHW Gas Consumption, 2013 

A conversion factor of 38.7 MJ/m3 is applied to the annual total in order to calculate the consumption 
in MJ/year, and then the DHW efficiency of 80% applied. This provides a DHW gas consumption of 
127,625 MJ/year. The Umow Lai modelled DHW gas consumption is 18,363 MJ/year, approximately 
14% of total load. As in the heating results section, this is a significant discrepancy.   

4.2.7 PV Performance 

The electricity generated by the rooftop PV system is metered by the ANU Dashboard and through 
Meteocontrol (providing the installer with performance data). During 2013, the Dashboard recorded 
the PV array producing 46.82MWh. However, it seems that data in the dashboard was corrupted 
during the month of April 2013 (visible in Figure 28 below), and the annual production is approximately 
48.71MWh (using Meteocontrol data for the month of April). This is greater than the modelled 
production of 45.25MWh by 7.65%.  
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Figure 28: PV Supply, 2013 

Figure 28 displays a typical production trend line for a PV system in the Southern Hemisphere. The 
highest outputs are achieved during the long summer days, with reduced generation data during the 
winter months.  

Table 17 below displays a comparison between Dashboard data and Meteocontrol data for each 
month of the year. With the exception of April and May 2013, Meteocontrol data is typically higher 
than dashboard data, amounting to an increase in annual production by 2.21%.  

Table 17: PV Generation by Month, 2013 

Month 2013 PV Generation (MWh) Modelled (MWh) Dashboard Meteocontrol Difference 
January 5.52 5.67 0.15 5.40 
February 4.01 4.12 0.11 4.25 
March 4.92 5.04 0.12 4.65 
April 1.87 (3.76) 3.76 -0.06 3.30 
May 2.72 2.70 -0.02 2.30 
June 1.67 1.74 0.07 1.65 
July 1.99 2.06 0.07 1.95 
August 3.4 3.49 0.09 3.10 
September 4.33 4.44 0.11 4.00 
October 5.61 5.74 0.13 4.80 
November 5.26 5.40 0.14 4.90 
December 5.52 5.66 0.14 4.95 
Annual 46.82 (48.71) 49.81 1.10 or 2.21% 45.25 

The Meteocontrol data is approximately 2.21% greater than the data metered by the Dashboard 
(amended for April 2013), whilst the Dashboard data is approximately 7.65% greater than the 
modelled performance. This difference in PV metering is likely due to the placement of each meter. It 
is likely that the Meteocontrol metering is located close to the point of generation, whilst the 
Dashboard metering is located further away. As a result, the Dashboard metering experiences greater 
resistance losses as well as the losses associated with the inverters.  

4.2.7.1 Difference in generation: Modelled versus Performance 

During 2013, the PV system produced 3.46MWh (or 7.65%) more than the modelled production. As 
the system has been operational since the building opened in October 2011 and experienced more 
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than one year of degradation, this is a significant production increase. There are two main reasons for 
this increase in generation: 

1. Bosch PV panels have positive power sorting as a form of quality control. The system 
comprised of 142 240W panels, however the positive power sorting ensured that their 
wattage was between 240W and 244.99W, and no less than 240W; 

2. The system was designed conservatively. Trees will gradually grow and begin to shadow a 
portion of the array, so the system was designed to provide the modelled production over a 
long time period. 

A follow-on report by the PV system installers identified an average increase in production of 22% 
over initial modelling. This increase is higher than what was observed during 2013, and is likely due to 
a number of factors:   

1. The data collection period for this report was only six months, and therefore does not consider 
all seasonal conditions; 

2. The system had a lower degree of degradation, as it was only recently installed; 
3. The installers obtained their data from Meteocontrol, which was approximately 2.21% greater 

than the Dashboard data for the year of 2013.  

Ultimately, the PV system is performing well, and producing a greater amount than the initial models. 
This increase is likely to reduce in the coming years, as the system ages and is increasingly shaded. 

4.3 Observed Building Performance 

Conversations with the occupants of the Frank Fenner building have revealed a high level of 
satisfaction amongst many of the occupants, who cite substantial improvements in the design of this 
building over many of the older and less-insulated buildings on campus. However, building 
walkthroughs and conversations with occupants have revealed the following issues:  

1. Whist the modelling only considered the unoccupied loads, it seems clear that there are very 
few additional (personal) loads. This is likely due to the new nature of the building: all 
occupants were provided with a generous facilities including: high-quality LED task lighting, 
temperature control for each office, desktop computers with two monitors, high speed 
printers/copiers, fridges, and instant hot/cold water. 

2. The student wing (Level 2) has a number of skylights providing natural light to the office. 
However, the light is very direct and harsh, and a number of occupants have made attempts 
to either block or disperse the light with fabric and umbrellas. 

3. Heat distribution is at times ineffective. During the cooler months, it is identifiably warmer on 
the third (top) level of the building; whist the opposite is the case for the summer months. 
This infers that the internal building is well ventilated. 

4. The air lock entry on level one is too small to avoid both doors being open simultaneously. 
This causes a stream of cold air to enter the building and results in personal heaters being 
required in the reception and three additional offices during the winter months. 

5. Each office has a control panel to set the office temperature to within a range of 21°C to 24°C. 
A number of occupants have remarked that their offices are too cold during the winter periods. 
Furthermore, the HVAC system in certain areas (predominantly ground floor) is unable to 
reach the desired temperature. This is particularly so when the office door cannot be closed. 
In some cases, reprogramming this range would allow for greater comfort levels.  
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4.4 Final Energy Balance 

The following section presents a final comparison of the energy flows in the Frank Fenner building, 
based on the modelling results in Chapter Three and the demonstrated results in Chapter Four.  

Figure 29 displays a breakdown of the electricity consumption in the Frank Fenner building, including 
lighting, plug-in loads, mechanical services and cooling: 

 
Figure 29: Modelled and Demonstrated Electrical Consumption 

Figure 30 displays a breakdown of the gas consumption in the Frank Fenner building, including 
heating loads and DHW: 

 
Figure 30: Modelled and Demonstrated Gas Consumption 

It is clear from the electrical and gas breakdowns above that the percentage breakdown between 
modelled and demonstrated energy consumption are similar. However, the absolute values for each 
section, as provided in Table 18 below, reveals that there is a substantial difference between the 
modelled and demonstrated consumption. 
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Table 18: Final Energy Balance 

Component Actual Electrical Modelled Electrical  Actual Gas  Modelled Gas  
 (kWh/year) (kWh/year) (MJ/year) (MJ/year) 
Lighting 19,481 9,497 - - 
Plug-in loads 42,340 - - - 
Mechanical Services 57,890 28,008 - - 
Heating - - 481,489 43,219 
Cooling 10,086* 2,495 - - 
DHW - - 127,625 18,363 
Total 129,797 40,000 609,114 61,582 

(* As explained in section 4.2.5, this cooling value has a high error range and should not be taken out 
of context) 

Both lighting and mechanical services use approximately twice the modelled consumption, whilst the 
gas consumption for heating in the Central Plant and the DHW system is eleven times and seven times 
larger respectively. Based on these results, it can be clearly stated that the modelling did not provide 
an accurate breakdown of the energy flows within the building.  

As discussed in Chapter Two, there are a number of challenges to accurately modelling building energy 
performance, and the Frank Fenner building appears to be no exception. The large discrepancy 
between modelled and demonstrated performance is likely due to the following factors:  

1. The modelling excluded energy consumption associated with occupation of the building. This 
is related to the lighting modelling for only 37% of building floor area, as shown in Appendix 
A: Umow Lai Common Area Lighting Breakdown, and carries through to mechanical services, 
heating and cooling. 

2. The use of space and changed from the design. Although the building was designed to a high 
degree, the occupancy levels of various offices may have changed from the original designs. 

3. The modelling completely excluded plug-in loads, however these have been included in the 
analysis here in order to understand the energy flows in the building to a high level of detail.  

The demonstrated demand represents a true picture of the building energy usage, rather than for a 
few select areas. 

4.4.1 Comparison of Electrical Consumption and Generation 

A key design aspect of the building was sizing the PV system in order to meet the unoccupied load. 
The following section details the electricity balance for the building, and ultimately determines the 
success of the PV system in meeting the electrical load. 

The modelling by Umow Lai did not include the performance of the whole building, as it excluded the 
plug-in electrical consumption and considered only 37% of the floor area (refer to Appendix A). In 
order to specifically examine the performance of the PV system for the areas initially modelled, the 
plug-in loads are removed and the remaining types of electrical consumptions are reduced to 37% of 
their original value (based on the percentage of total floor area modelled). This results in the output 
shown in Figure 31 below. Whilst this mode of comparison is unreliable, it does provide a clear 
demonstration that the Frank Fenner building is performing well in comparison to the initial modelling. 
During 2013, electrical consumption for the specific proportion of the building (without plug-in loads) 
was 32,359 kWh/year, and the PV system produced approximately 150% of this load. 
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Figure 31: Consumption and PV Generation, modelled areas only 

However, a more meaningful comparison is the PV generation against the whole building consumption, 
as this gives a more realistic understanding of building performance, with the whole building 
considered as well as plug-in loads. During 2013, electricity consumption in the Frank Fenner building 
accounted for approximately 129,797 kWh/year. The PV system generated approximately 48,770 kWh, 
or 37.6% of the annual electricity consumption.  

 
Figure 32: Consumption and PV Generation, whole building 

From Figure 32 above, it can be seen that the greatest difference between electrical consumption and 
generation is during the winter months. This is predominantly due to the increase in the use of 
electrical heaters, the increase in lighting (due to shorter days) and the reduction in the available solar 
resource.  
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Chapter 5: Improvements to Performance, the Frank Fenner Building 
Following the development of a detailed understanding of the modelled and demonstrated 
performance of the Frank Fenner building, it is necessary to consider various means of improving 
building performance. This process aims to reduce energy consumption, increase occupant comfort 
levels, and work toward offsetting the electricity consumed in the building with the rooftop PV system. 
Improvements will be outlined based on their category, in a manner consistent to Chapters three and 
four.  

5.1 Lighting 

5.1.1 Reduced sensitivity of Seminar Room lighting 

Sensors have been installed throughout the Frank Fenner building in order to avoid illuminating 
unoccupied areas. However, lighting in the seminar room often turns off during lectures, as the 
movement in the room is not sufficient to trigger the lighting. In order to improve this space for the 
occupants, the lighting should be reprogrammed in this area to turn off after one hour. This is not an 
issue for other areas of the building, as movement is generally sufficient in offices and common areas 
are largely unlit due to an abundance of natural light. This change would have a minimal impact upon 
lighting electricity consumption, but would improve occupant satisfaction.  

5.2 Plug-in Loads 

There are a number of means of reducing the plug-in loads within the building. This is largely due to 
the uncontrolled nature of plug-in loads, which were not considered during the initial design process.  

5.2.1 Isolating the external thermal influence of the Level One Entry 

The two automatic doors on the Level 1 entrance do not function as an airlock. During the winter 
months, a draft of cold air enters the ground floor as the doors open and results in the reception office 
and three private offices requiring supplementary heating to maintain a comfortable temperature. 
This has a significant electricity load and should be eliminated. Two potential solutions to solving the 
problem of the airlock are proposed: 

1. Expand the entrance towards the Forestry building: This would allow the first door to close 
before the second door opens when a person enters or exits the building. This would be a 
significant structural change to the building and would have a high associated cost. 

2. Replace the automatic doors with manual doors: This would reduce convenience to access of 
the building, but would present a more affordable solution.  

It is expected that removing the cold draft of air will remove the need for personal heaters on the 
ground floor, saving approximately 3.92MWh/year and reducing the annual plug-in electrical 
consumption by 9.26%. Using the ActewAGL commercial tariff rate of $0.23/kWh, this would equate 
to approximately $902 in savings per year (ActewAGL, 2014). The actual monetary figure would be 
slightly different, as the ANU electricity pricing would depend on total demand. 

5.2.2 Energy efficient photocopiers 

During August 2014, the photocopiers on each level were replaced with more efficient models. 
However, the metered data displayed the performance of the building during the year of 2013, and 
as a result the reduction in photocopier energy consumption was not included in the analysis. The new 
photocopiers should reduce the annual electrical consumption by 5.89MWh, reducing the annual 
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plug-in electrical consumption by 13.9%. Based on the commercial electricity price, this equates to 
approximately $1355 in savings per year. 

5.2.3 Turning desktop computers off 

Whilst the occupant of the office where the plug-in power meter was installed shuts her computer 
down each evening, not all building occupants do and as a result the desktop consumption data was 
increased by 5%, as an estimate of the increase due to standby load. If all occupants were to shut 
down their computers overnight, the electricity consumption associated with desktop computers 
would likely reduce by 0.78MWh/year, reducing annual plug-in consumption by 1.84%, and saving 
$179 per year. 

5.2.4 Plug-in load results 

Table 19 represents the energy savings associated with plug-in load reduction:  
Table 19: Plug-In Power Consumption Savings 

Scenario 
Total Plug-In Power Consumption Total Electrical 

Consumption Existing (MWh/year) Improved (MWh/year) Reduction 
1: No personal 
heaters 

42.34 38.42 9.26% 3.02% 

2: More efficient 
photocopiers 

42.34 36.45 13.91% 4.54% 

3: Shutting 
computers down 

42.34 41.56 1.84% 0.60% 

4: Scenario 1, 2 & 
3 combined 

42.34 31.75 25.01% 8.16% 

From Table 19 above, it can be seen that reducing plug-in loads can have a significant effect on the 
total building electricity balance, reducing whole-building consumption by over 8%.  

5.3 Heating and Cooling 

Heating and cooling has been included under the same heading here as all suggested changes affect 
both heating and cooling.  

5.3.1 Reprogramming individual temperature control panels 

The controllable thermal range of the offices in the Frank Fenner building was set to a range of 21°C 
to 24°C in order to adhere to Green Star requirements. Now that the Green Star status has been 
achieved, the control panel in each office should be reprogrammed to a wider range of 21°C to 26°C 
in order to improve individual thermal comfort. This would increase energy consumption from the 
HVAC system, however it would likely eliminate the need to use additional personal heaters and result 
in a net benefit. It should be noted that reprogramming the thermostat would not solve the areas of 
the building where the desired temperature cannot be achieved due to external influences.  

5.3.2 Tuning Central Plant Infrastructure  

The Central Plant is one of the most significant electricity and gas consumers in the Banks Precinct, 
however the infrastructure has not been optimised or tuned since the facility began operation. Given 
the significant size of the facility, improvements in running efficiency of around 2% would not be 
difficult to achieve, whilst producing the significant energy savings shown in Table 20:  
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Table 20: Heating and Cooling Consumption Savings 

Scenario Existing Future 
5: Cooling efficiency increase 10,086*kWh/year 9,884 kWh/year 
6: Heating efficiency increase 481,489 MJ/year 471,589 MJ/year 

Both of these values have been taken from the final energy balance in section 4.4. The cooling value, 
as previously explained, has a high degree of error and cannot be taken out of context. However, an 
increase in the cooling efficiency would reduce total electrical consumption for the Frank Fenner 
building by 0.16%, whilst heating efficiency would reduce total gas consumption by 1.4%. In addition 
to this, the five other building connected to Central Plant would also see efficiency gains. 

5.3.3 Increasing capacity and expansion into the Forestry building 

The additional chiller and boiler should be installed in the Central Plant. This would allow the delivery 
of hot and cold water to be expanded to more buildings within the Banks Precinct, including the 
Forestry building which joins the Frank Fenner building by the level two bridge. During the 2014 winter 
period, the boiler in the Forestry building broke down on numerous occasions. As a result, the 
temperature in the building fluctuated significantly and caused a substantial thermal gradient along 
the bridge into the Frank Fenner building. Although no conclusive results could be drawn from the 
door trial, reducing the temperature differential between the buildings by supplying heat from the 
Central Plant to the Forestry is likely to improve the comfort of users that go between the two 
buildings during the winter months.  

5.3.4 Isolating the thermal influence of the Forestry building 

The fire doors isolating the Frank Fenner building from the Forestry building on the level two bridge 
should be kept closed but unlocked. This would allow people to travel between the buildings and 
minimise the uncontrollable transfer of hot/cold air between the buildings. This would not have a 
significant influence on energy consumption, but would allow for greater building control. This was 
trialled for the month of August 2014 and was well received by the occupants. 

5.4 Increased PV array 

In order for the electrical consumption of the Frank Fenner building to be completely offset, the PV 
system needs to be significantly increased. During 2013, the 34kW PV array produced 48,710kWh. 
Table 21 shows the additional PV systems required for both the current and improved load (which 
includes plug-in load and cooling reductions): 

Table 21: Increased PV System Sizing 

Condition Electrical load  Additional PV required  Additional PV System 
 (kWh/year) (kWh/year) kW 
Current whole building  129,797 81,087 56 
Improved whole building 119,005 70,295 48 

An additional 56kW of PV would produce approximately 81,984 kWh/year, whilst an additional 48kW 
would produce an additional 70,272 kWh/year. Both of these calculations were conducted using the 
NREL PV calculator, using the same settings as the Laros system design (NREL, 2014). Both of these 
systems are larger than the existing Frank Fenner system, and there is not sufficient room on the Frank 
Fenner roof for this to be installed. Options would need to consider the remaining section of the 
Forestry building as well as the roof of Central Plant. Refer to Appendix D: PV Sizing Reports, for greater 
detail of the PV system simulation results.  
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5.5 Improving Metering 

It is recommended that the energy meters are improved in the following three ways: 

1. All meters not currently integrated into the Dashboard should be brought in. The Dashboard 
provides the data in a usable format for a variety of users, whilst the BMS is difficult to access 
and requires a substantial amount of processing. The Dashboard will be a significantly more 
valuable resource once it contains a complete set of data for all of the buildings on campus.  

2. The meters should all be re-calibrated as per instructions from the manufacturer. Discussions 
with Facilities and Services revealed that this has not been done since installation.  

3. Metered thermal data should be used to charge buildings the electricity and gas costs 
associated with their specific consumption. This provides an incentive to reduce unnecessary 
heating and cooling loads.  
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Chapter 6: Conclusions and Future Work 
6.1 Conclusion 

This project had three key aims: first, to understand the building design and the modelled energy flows; 
second, to determine the demonstrated energy flows within the building and the key areas of 
difference from the modelling; and third, to identify key areas of improvement in the building, 
increasing levels of energy efficiency and reducing overall energy consumption.  

Chapter three focussed on addressing the first aim, understanding the building design and the 
modelled energy flows. A key resource in this section was the Umow Lai report which modelled the 
energy flows for the unoccupied building. However, it was found that the spaces listed as part of the 
modelled areas were inconsistent, and amounted to only 37% of the total building area being 
considered in the model. The HVAC infrastructure in the building accounted for the most significant 
modelled electrical load, whilst the Central Plant boilers used for heating accounted for the most 
significant gas load.  

Chapter four addressed the second aim, investigating the demonstrated energy flows within the 
building and how these compared with the modelled consumption. The modelling of 37% of floor area 
has resulted in significant demonstrated performance discrepancies in lighting consumption, 
mechanical services consumption, and heating loads. In contrast to the Umow Lai model, it was 
demonstrated that the Central Plant thermal model accurately reflected the actual performance of 
the Frank Fenner building.  

An estimated breakdown of the plug-in loads in the building found that personal computers accounted 
for the largest consumption in this category. This is unsurprising given the focus on desk-based 
research in the building and the relative absence of miscellaneous plug-in devices. An analysis of plug-
in loads was conducted and demonstrated that is a significant component of the total building energy 
demand, although it was excluded from the design modelling.  

The PV system was the one energy flow that was comparable to the modelled results, producing 
approximately 7.65% more than expected. This was a result of the PV system being designed 
conservatively.  

It was not possible to definitively quantify the electrical cooling load, due to the low quality metered 
data. The final cooling result was based off modelled COP values, and has a high associated margin of 
error.  

Chapter five addressed the third aim, identifying key areas of improvement in the performance of the 
building while considering  occupants’  comfort  levels.  In  particular,  this  included  removing  the  external  
thermal influences on the building to allow the heating system to operate more successfully, which 
would eliminate the electrical load associated with personal heaters. Other suggestions included 
shutting all desktop computers down overnight, tuning the infrastructure in Central Plant, increasing 
the size of the PV array, and improving the meters to allow for greater and more in-depth analysis. 
Implementing all of these changes would reduce the building electrical demand by an estimated 
10.7MWh per year, or 8.3% of the existing electrical consumption. In addition to the electricity savings, 
these changes would allow the PV system to offset a greater percentage of building electrical 
consumption, and improve the levels of thermal comfort.  
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The Frank Fenner building was designed in order to reflect the general themes and values of the 
academic work conducted by the Climate Change Institute and the Fenner School for Society and the 
Environment. The holistic building design included energy efficient infrastructure, black water 
treatment and an external wetland area to increase the local biodiversity. However, this project 
focussed solely on the electricity and gas flows in the building, and in doing so, highlighted that there 
are clear discrepancies between the observed and modelled building performance. This is due to 
inevitable differences between modelled and demonstrated behaviour, as well as the modelling 
considering only a fraction of the building area. Ultimately, this project has highlighted that there is a 
clear need to conduct post-construction performance analysis on buildings like the Frank Fenner 
building, and not assume that the building operates as modelled. The results of projects such as this 
can be used to influence assumptions in the modelling of similar buildings, as well as improve the day-
to-day performance of the Frank Fenner building, allowing it to operate more efficiently and in the 
manner that it was designed.  

6.2 Future work 

There are several areas of future work associated with this project. As previously mentioned, it was 
very difficult to obtain accurate cooling data. Once all of the meters have been calibrated and 
integrated into the Dashboard, a second energy performance analysis of the building should be 
conducted and the new results compared with the results from this analysis. Further, a more detailed 
study of the HVAC system should be conducted that focuses on system performance both inside the 
Frank Fenner building and at Central Plant. Finally, the method used in this project should be 
conducted on other buildings on the campus of the ANU, allowing a greater understanding of building 
performance across the university.  
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Appendix 
Appendix A: Umow Lai Common Area Lighting Breakdown 

Level Room Number Area (m2) Comment Common area 
1 1.01 7.84 Must be 1.01B, storeroom Y 
1 1.02 49.54 Reception N 
1 1.10 14.77 FSES EA N 
1 1.11 32.68 Communications room Y 
1 1.12 6.82 FSES Director N 

1 1.16 34.46 
Corridor/Marked as Resources 
Room Y 

1 1.18 7.85 CCI Corridor Y 
1 1.19 5.96 Cannot Locate N/A 
1 1.20 11.39 Cannot Locate N/A 
1 1.21 12.65 Cannot Locate N/A 
1 1.23 3.31 Cannot Locate N/A 
     
2 2.10 13.01 Cannot Locate N/A 
2 2.12 11.83 Office N 
2 2.19 8.14 Individual office N 
2 2.20 5.96 Office N 
2 2.21 11.42 Lounge Y 
2 2.23 63.87 Copy and store Y 
     
3 3.12 10.32 Office N 
3 3.19 7.85 Shared office N 
3 3.20 5.96 Office N 
3 3.21 11.39 Shared office N 
3 3.23 51.4 Shared office N 
3 3.24 13.02 Tea room Y 
     
  Common Area   7 30.43% 
  Mislabelled   11 47.83% 
  Undefined   5 21.74% 
 Total Number of Spaces 23  
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Appendix B: Frank Fenner Building Plug-In Appliance Audit 
Level Appliance Quantity Location 
1 Fridge 1 Tearoom 

1 
Instant hot/cold 
water 1 Tearoom 

1 Coffee machine 1 Tearoom 
1 Microwave 1 Reception 

1 
Photocopier  
(1/2 size) 1 Reception 

1 Heater (1*) 5 Admin Manager (1), Reception (2), personal offices (2) 
2 Fridge* 1 Tearoom 

2 
Sandwich 
toaster 2 Tearoom 

2 Microwave 1 Tearoom 
2 Coffee machine 1 Tearoom 

2 
Instant hot/cold 
water* 1 Tearoom 

2 Photocopier* 1 Resource Room 
3 Fridge (1/2 size) 1 Tearoom 
3 Microwave 1 Tearoom 
3 Coffee machine 1 Tearoom 

3 
Instant hot/cold 
water 1 Tearoom 

3 
Photocopier  
(1/2 size) 1 Resource Room 

Notes: 
The Climate Change Institute has been excluded due to the secure access 
Desktop computers, LED desk lamps and personal devices inside offices have not been 
included 
* indicates that the device is connected to a plug-in meter 
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Appendix C: Central Plant Hourly System COP 
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Appendix D: PV Sizing Reports 
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