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ABSTRACT: Addressing energy efficiency in the existing building stock has been acknowledged as 
one of the most critical yet challenging aspects of reducing our environmental footprint on the 
ecosystem. This paper presents a case study of current standard practice in energy efficiency retrofit in 
Australia’s tertiary education sector. The analysis of energy performance encompasses that of the 
immediate retrofit as well as of the wider campus. The results suggest that although energy 
performance appears to have been improved, there is considerable scope for further improvement 
despite the complex variables.  

The findings’ hypothesis is that there may be significant benefits in establishing a retrofit standard or 
directive to improve energy efficiency in existing building for the construction industry at large.  

Conference theme: Buildings and Energy  
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INTRODUCTION 
This paper investigates the impact of an energy efficiency retrofit in an existing tertiary education building in New 
South Wales. This research is driven by the recognition that our long-term ability to improve sustainable levels, 
conserve energy and improve energy efficiency, depends on the extent to which energy use in existing buildings can 
be reduced when they are renovated (IPCC, 2007). The role of energy efficiency in Green House Gases reduction in 
the realm of retrofitting is an area that is currently under explored. 
 
This paper is three fold. Firstly, it presents the details of retrofit and attributes of the existing building, which sets the 
background for the energy performance investigation.  Secondly, it tables the changes in performance before and 
after the retrofit. Retrofitting is defined as the replacement of existing systems both technical and non-technical to 
improve performance; there must be performance improvements with retrofitting. Hence the research looks the extent 
to which performance improvements are achieved and the magnitude of these improvements. This is measured in 
three ways, energy consumption, financial cost and energy utilisation index (EUI). Lastly, the paper seeks to find out 
the relationship between energy performances with that of environmental variables, such as outside temperature, 
length of daylight and seasonal changes, to see if the changes in energy consumption as a result of the retrofit have 
any bearing on its relationship with environmental conditions. The building’s performance is also investigated in 
parallel with that of campus energy consumption to give an understanding of movements in both building based and 
campus based consumption trends. 

1. BACKGROUND 
The theoretical background to this research is based on Edward’s triangular model of incorporating  environmental, 
ecological and energy factors in green design: “Where energy costs are the main the main determining factor, the 
resultant building will be different from on in which ecology is the prominent force, likewise an urban building will be 
different from a rural one”(Edwards, 2003).  The research also extends on previous research of setting an 
environmental brief to building design and also the relevance of bioclimatic principles in advanced renovation (Hyde, 
2007; Hyde et al., 2008). In the realm of working with the existing building stock, Edward’s triangle is applied with the 
focus on retrofitting existing buildings, where energy efficiency is embedded in the framework with a relationship with 
environmental variables. 

 

(Source: Edwards, 2003) 

Figure 1: Revised model based on Edward’s triangle of Ecology, Environment and Energy  
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2. RESEARCH QUESTIONS 
• What is the current practice retrofit strategies aimed at energy efficiency of existing tertiary education 

buildings?  
• What is the efficacy of these retrofit strategies on energy consumption? 
• Is a building’s engagement with the environment relevant to its energy efficiency? 

The case study presented in this paper is one of nine retrofit projects which the author has analysed. Due to the 
limitation of length and scope of this paper, only Case Study E is presented. A summary of results for the nine case 
studies is presented in Table 3.This paper forms one part of a bigger study which the author is investigating for a 
Ph.D. thesis. The research questions arise from looking at the relationships between the key determinants from 
Edward’s model- energy and environment, where environment relates to the environmental impacts of energy 
consumption such as GHG emissions (IPCC 2007). 

3. METHODOLOGY 
The methodology of this research is divided into two parts. First is an energy consumption Trend Analysis of one 
case study (Case Study E), looking at the impact of retrofit strategies on energy consumption. Some knowledge in 
advanced retrofitting has been previous documented (Hyde et al., 2008).  The second part consists of a comparative 
overview of nine case studies, with detailed calculations of energy consumption, cost, and energy utilisation index (as 
an indicator of energy use intensity) before and after the retrofit. The summary (see Table 3) also includes building 
typology and building age, to allow better comparison between similar case studies. The Green Star Education Tool 
for university buildings serves as a benchmark for judging the performance and relative positions of the case studies. 
In 2009, the Green Star rating tool released the first version for benchmarking new and existing university buildings. It 
lays out the criteria against which all projects seeking a rating under this tool is assessed against. (Green Building 
Council of Australia, 2009). The energy consumption intensity by space type is a principle benchmark under this tool, 
which is relevant in assessing the case studies. 
  
3.1. Selection of case study 
The case studies are representative of the buildings found in Australian tertiary education institutions. Among the 
large range of building uses, many have commonalities in terms of use, age, structure and their retrofit strategies.  

Retrofits which involve specialist spaces such as laboratories, scientific spaces, buildings that have had significant 
usage change (greater than 15%), occupancy numbers change (greater than 10%) as well as original buildings 
younger than twenty years were excluded from this study.  

3.2. Case Study E  - Building Typology and Attributes 
Building E is an IT teaching and learning building located in a university in metropolitan New South Wales. The core 
usage of building consists of lecture rooms, teaching spaces, office and student amenities. The original building shell 
is dated from the mid 70s. It has gone through repeated internal retrofit for the last three decades to cater of upgrade 
and minimise obsolescence. The most recent retrofit consisted of a series of works in lighting and HVAC systems 
which were carried out during 2008 to 2010.   

The building experienced minimal changes to its usage and occupancy numbers, both before and after the retrofit 
period. Hence it is argued that for the purpose of the study, it has broadly maintained its occupancy and plug loads. 
The changes in energy performance are examined in base building only.   

 

      ↑ N  

(Source: University of Wollongong) 

Figure 2: Floor Plan of Building E  

  

Building E 

Building E 
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The following is a brief summary of the physical attributes of Building E: 

Original Building Age: 38 years 

Building Typology: Teaching and Learning – IT 

Construction: Reinforced Concrete 

Typology of plan: Cluster 

Number of floors: 3 

Usage Floor Area: 4500 m! 

Gross Floor Area: 12,110 m! 

Orientation: North  

 

3.3. Model of energy input and output variables in existing buildings 

 
 

 
 

(Source: Author 2012) 
Figure 7 Process of energy input and output variables in existing buildings 

 
The model is derived from Meier’s previous research. There are three characteristics for an energy efficient building. 
First, it needs efficient equipment and materials appropriate for the location and conditions (technical factors); 
secondly, amenities and services appropriate to the building’s intended use; and thirdly, operated in such a manner 
as to have a low energy use compared to other, similar, buildings (non-technical factors) (Meier, 2002). 
 
3.4. Trend Analysis 
Historical monthly energy consumption data has been gathered for the period 2008-2011 to give adequate time 
period for observation of energy trends. The data is analysed by comparing trends before, during and after the series 
of works, to investigate any impact of the retrofits on the energy consumption. The energy data is also analysed with 
mean monthly temperature, length of day and daylight savings, university semester dates to assess any interaction 
between the existing building and its environment. The analysis also extends to whether the retrofit strategies have 
any bearing on the energy consumption in relation to the environmental variables.  

A breakdown of energy consumption categories is not presented; as such data is not obtainable in the case study 
building, which does not have a sub-meter system. This is a typical retrofit building for which there is no clear energy 
audit data available. Hence the lack of detailed energy data has presented its challenges in working out the cause 
and effect of the retrofit works on energy consumption. However, this represents a significant number of university 
buildings surveyed, where there is no energy consumption breakdowns, nor previous energy audit records. While 
specific variables cannot be isolated in their cause and effect, due to the complexity of variables and the limitation of 
the existing monitoring system, a trend analysis approach is used to study the general projections of energy 
consumption as a result of the retrofit works.   

3.5. The Retrofit Strategies  
The scope of work is tabled below along with their itemised cost. This allows later comparison with the cost efficacy 
of particular retrofit strategies. 
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Table 1 Scope of work – Case Study E 

(Source: University of Wollongong) 

The retrofits were carried out as a series of works between September 2008 and 2010. Item 1 -7 are in the HVAC 
area, while item 8 involves lighting. Majority of the works is technical retrofitting, mostly involving improved energy 
efficiency in terms of new equipment (active) and night purging (passive). Some items are to do with long term 
management strategies, such as items 1, 5 and 6. These can be argued to be in the non-technical area of 
management and operations. 

4. RESULTS 
Note:  the vertical lines numbering from 1 to 8 as displayed in Figures 3 – 6 refer to the itemised scope of work as 
shown above in Table 2.  
 
4.1.1. Variances in energy consumption and energy cost 
The energy graph shows the billed energy to allow comparison between energy consumption variances to that of the 
changes in financial costs. 

In Figure 3, mean monthly energy consumption before the retrofit (from Feb 2008 to Sep 2008) was calculated to be 
223,998.14 kWh. Comparing to mean monthly energy consumption after the retrofit (from May 2011 to Feb 2012) 
which is 149,381kWhrs, there has been an energy reduction of 33.31% during the observation post retrofit.  

The mean monthly energy cost before the retrofit was $31412.51, after retrofit was $21726.72, a reduction of 30.83% 
was observed in the post retrofit period in comparison to before retrofit. It has been observed that the rate of 
reduction in energy consumption was greater than the rate of reduction in energy costs. This can be attributed to a 
range of financial cost factors such as increase in energy unit costs, changes in energy tariffs and changes in 
unmetered energy charges all contribute to the final energy costs which, in part, cancel out the actual savings in 
energy consumption. 

After 1-7, the steady decline in energy consumption can be seen (between 7 and 8). However, the same rate of 
decline is not observed in the energy cost line.  

March 08, 09, 10 and 11 present noticeable peaks. This directly correlates to the beginning of the academic year. 
These peaks can be explained by an increase in student and occupancy activities.  

The continuous decline after the completion of retrofit works, i.e., from May 2010 and onwards, is observed in Figure 
3. A possible explanation is due to changes in operation hours of the building. The drop in energy consumption in 
December 2011 is explained in 4.2, as it is of a campus wide cause.  

Item Retrofit works Cost 

1 Installed BMS control for stage 1 air conditioners and condenser water system $ 72,000 

2 Operate the condenser water system within the manufacturer’s recommended 
temperature limits 

$ 4,500 

3 Alter the economy cycle to maximise outside air cooling $ 1,500 

4 Control cooling tower fan based on wet bulb temperature $ 3,800 

5 Incorporate optimum start/stop in conjunction with night purge and set the BMS time of 
day schedule to core occupancy hours and utilise the after-hours push buttons at all times 

$ 4,000 

6 Disable night set back and establish the cause of continuous boiler and chiller operation $ 8,000 

7 Implement outside air compensation on the hot water set point $ 4,300 

8 Replacing existing lighting fixtures to high efficiency T5 lighting $ 76,000 

 Total cost of retrofit $174,100 
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(Figure 3-6 source: University of Wollongong) 

Figure 3:  Energy Consumption and Energy Cost of Building E 

(Please refer to Table 2 for itemised scope of work for an explanation of vertical lines 1 – 8) 

Figure 4 Energy Consumption Trend of Building E vs Campus Consumption 

 

4.1.2. Energy Consumption in Building E and Campus wide consumption 
In Figure 4, the energy consumption is plotted against consumption on campus. Whilst the consumption in Building E 
has been reduced by 33.31%, the total consumption by campus has been on a steady increase with dramatic peaks 
occurring at every March, which marks the start of Semester 1.  
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The exceptional drop in December 11 is believed to be caused by a possible shut down of the campus, as in both the 
graph of the building and the campus, there is a simultaneous sharp drop in the month of December which is then 
increased in January at different rates.  

 
Figure 5 Energy Consumption Trend of Building E and Length of Day 

 

4.1.3. Energy Consumption and Length of daylight 
In Figure 5, there is no observable correlation between variances in consumption and the length of the day. The 
peaks in consumption at every March are more related to the start of the academic year than to the length of daylight. 
The slight recession in consumption during the shorter days of the year (Jun-Aug) may be due to the mid-year 
semester break, as occupancy and activities experience a considerable decrease.  

From the graph, it can be concluded that in the case of Building E, the variance in daylight hours and any existing 
daylight saving measures appear to have little or no observable impact on the energy consumption of the building.  

4.1.4. Energy Consumption and Mean monthly outside temperature 
In Figure 6, the energy consumption in the observation period is plotted against monthly outside temperature.  The 
displayed range consists of the mean minimum temperature and the mean maximum temperature. The monthly 
mean temperature (as derived from the minimum and the maximum is noted as x on the graph). A small correlation 
between outside temperature and energy consumption has been observed in Building E. A recessed consumption 
occurred during the winters of 2008 and 2009, and this trend continued after the retrofit was completed into 2012, 
although the reduction is not as significant as witnessed before.  

 
Table 2 Summary of changes in energy consumption, energy cost and EUI 

 

Case Study Building E Before retrofit After retrofit % Change 

Mean monthly energy consumption (kWh) 223998.14 149380.95 -33.31 

Mean monthly energy cost (kWh) 31412.51 21213.57 - 32.47 

EUI (Energy Utilisation Index) kWh/m!/yr 221.97 148.03 -33.31 

  (Source: Author, 2012) 
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Figure 6 Energy Consumption Trend of Building E and Mean Outside Temperature Range 

Summary of Case Studies A-I – Comparative study 

Table 3 Summary of Case Studies A – I 

Case Study A B C D E F G H I 

Building Age 92 36 89 32 38 41 31 28 34 
Building 
Typology Offices 

General 
Teaching 

General 
Teaching Offices 

IT 
Teaching Library Offices 

General 
Teaching 

General 
Teaching 

Mean monthly 
energy 
consumption 
before retrofit 
(kWh) 

78153.16 193072 26351.68 52596.33 223998.1 547543.5 28135 131087.2 19095.47 

Mean monthly 
energy 
consumption 
after retrofit  
(kWh) 

56768.93 112068.4 20635.73 48506.14 149381 541291.6 17025.71 125104.7 17333.19 

Change in 
Energy 
Consumption 
(%) 

-27.36 -41.96 -21.69 -7.78 -33.31 -1.14 -39.49 -4.56 -9.23 

Mean monthly 
energy cost 
before retrofit  
(kWh) 

6170.14 12303.91 2144.63 7753.79 31412.51 66248.29 2046.02 17267.7 1513.97 

Mean monthly 
energy cost 
after retrofit  
(kWh) 

5184.79 11879.26 2106.02 8647.82 21726.72 87070.79 1525.88 16348.38 1576.63 

Change in 
Energy Cost  
(%) 

-15.97 -3.45 -1.8 11.53 -30.83 31.43 -25.42 -5.32 4.14 

Gross Floor 
Area m! 

2250 2860 1890 3276 12110 14924 5558 4708 1855 

EUI kWh/m!/yr 
before retrofit 

416.82 810.09 167.31 192.66 221.97 440.26 60.75 334.12 123.5 

EUI kWh/m!/yr 
after retrofit 

302.77 470.22 131.02 177.68 148.03 435.23 36.76 318.87 112.1 

  (Source: Author, 2012) 
 

To obtain some level of benchmark comparison for these retrofit case studies, specifically in terms of EUI (Energy 
Utilisation Index) at kWh/m!/yr, the Green Star Education Tool states standard benchmarks for teaching spaces and 
office spaces in university buildings are 68.6 and 69.5 respectively (Green Building Council of Australia, 2009). There 
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is a significant gap between the Green Star benchmark to that of the post retrofit EUI in the case study buildings as 
shown in Table 3, which range from 112.1 to 470.22. 
 
 In Case Study E, it is classified as a speciality leaning space and the standard benchmark for Green Star is 75.1 
(Green Building Council of Australia, 2009). Building E’s immediate post retrofit EUI was 148.03, reduced from 
221.97 in the pre-retrofit period. After the retrofit works, Building E’s EUI is still around two times the level that is 
considered acceptable by the Green Star standard.    
 
5. DISCUSSION  
 
Answers to research questions 
5.1. The standard practice retrofit strategies predominately target at the active systems of the existing building, 
such as lighting and mechanical systems, including heating and cooling. The active systems of the existing building 
are usually the most energy intensive components of energy consumption. However, the requirement of high energy 
consumption can be identified in buildings with poor building envelope and/or passive systems. In order to improve 
energy efficiency, the fundamental energy demand needs to be addressed.  
 
5.2. A conceptual process of energy use is shown in Figure 7. The building internalities can be divided into two 
major groups: Technical and Non-Technical. The technical component consists of sub groups of active and passive 
building systems. Whereas the Non-Technical component consists of all variables other than the immediate building 
envelope and systems, such as occupant and operations. 
 
5.3. In the case of Building E, the analysis of energy performance before and after the retrofit suggests a 33% 
reduction in baseline consumption.  As 7 out of the 8 listed strategies were implemented in one cluster within a three 
months period during Sep – Dec 2008, it has not been possible to conclude the energy efficacy of each of the 
strategies on the overall building performance. However in Figure 2, the cluster of works (1-7) is shown to have a 
direct correlation in a noticeable decline in energy consumption during that period.  
 
The theoretical relationship of energy efficiency of a building and its engagement with environment is tested in the 
practical realm. In this instance, a relationship between the environment and energy efficiency is observed to some 
degree in Building E, especially in the post retrofit period. There is a need for further study to investigate the 
interaction between building internalities and environment externalities, as well as their relevance on energy 
efficiency in existing buildings. 
 
To improve the existing buildings’ engagement with the environment, it is suggested that both the technical and non-
technical components need to be responsive with environmental variables.  In the case of Building E, The hypothesis 
was that the existing building prior to the implementation of the retrofit strategies has no observed relation with 
external temperature. This hypothesis has some support. The semester dates corresponds to certain variances in 
energy consumption, with the usage peak at March, the start of Semester 1. There are several areas that remain 
unexplained, such as the impact of permanent and transitional occupants’ behaviour on energy consumption; the 
impact of retrofit works on energy breakdowns, which are not available for this study; and the interaction of non-
technical building internalities on overall energy consumption. 
 
CONCLUSION 
This case study demonstrates the potential of improving energy efficiency through retrofit strategies. Due to the 
complexity of the variables and bundling of retrofit works, it has been difficult to assess the immediate impact of each 
strategy on energy consumption.  However, at the building level, there has been a decline of 30% over a period of 48 
months after implementation. Within the existing data availability, it can be seen that the retrofit works in the technical 
area has had a measurable impact on the ongoing energy consumption of the case study building. However, as the 
case studies in this research demonstrate, there is still a significant gap between current standard practice and 
benchmark levels set by current rating tools such as the Green Star Education Tool for university buildings. 
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