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6 ABSTRACT 
There is a large potential to use energy more wisely in buildings. Energy wise measures al-

low people to reduce energy use, costs and greenhouse gas emissions . It is important to 

reduce greenhouse gas emissions to mitigate climate change in order to secure a relatively 

more safe and secure world. Business models can help to achieve this, and good govern-

ance can enable and accelerate them. This thesis focuses on an analysis of single-unit 

dwellings. As many economical measures as possible should be implemented, and policy 

measures can help drive implementation of these measures plus measures that are not (yet) 

economical. Economic modelling has calculated financial metrics1 for an average Australian 

home with a single flat rate tariff, with implementation of LED replacements for lighting, solar 

photovoltaic (PV) systems, shading, window treatments, . Further investigation could be 

done with sensitivity analyses. More importantly, policy measures need to be implemented, 

such as: 

                                                
1
 E.g. annual savings, capital cost, simple payback period, discounted payback period; and net pre-

sent values and levelised capital and operational costs of energy over periods of 25, 30 and 35 years 
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• Mortgage lenders allowing expenditure on energy wise measures to be incor-

porated 

• Environmental upgrade agreement enabling policies for homes 

• Mandatory performance disclosure for all buildings 

• Peak demand charges instead of higher fixed energy tariffs and disconnection 

costs 

• Energy utility companies reinvesting a minimum percentage of annual reve-

nue on energy-wise measures for customers. 

Using energy wisely will result in many good outcomes for culture, the economy and the en-

vironment, and will require innovation in technology, business and policy 

.

7 INTRODUCTION 
There is enough energy for everyone‘s needs, but not enough for everyone‘s greed. Using 

energy wisely helps to cultivate a love that comes from the heart, and vice versa, which leads 

to permanent peace and happiness. This thesis will aim to investigate business models and 

policies that enable and accelerate wise energy use.  It will cover economic modelling for an 

average Australian household with a flat rate tariff and time of use tariff. Sensitivity factors 

are numerous, such as those shown in Figure 7-1, Figure 7-2 and Figure 7-3. 

 

Figure 7-1: Five factors relating to the sustainable use of energy. 
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Figure 7-2: A schematic outline of sensitivity factors relating to energy consumption 

This thesis does a comprehensive literature review over energy economics, business mod-

els, policies, technologies, behaviours, barriers, tools and measures. Energy contracting is 

reviewed in detail.  Many sensitivity factors are not reviewed, due to time constraints which 

limit the scope of the thesis. Unconditional love is a good way to behave as it leads to per-

manent peace and happiness, and will naturally guide actions to do the right thing, such as 

with sustainable use of energy. 
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Figure 7-3: A schematic outline of sensitivity factors relating to energy pricing 
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This thesis involves developing a business case for sustainable energy houses through en-

ergy wise measures and PV. Such a business requires long-term involvement with projects 

and clients, of which developing a relationship of trust with the client is key. Single dwellings 

make up the majority of the built environment, which in turn consumes the majority of the to-

tal energy. Single dwellings have the highest energy-saving potentials. However, two key 

barriers for market development for the single dwellings sector are that the sector is highly 

aggregated and the level of effective demand is relatively low. 

Developing an appropriate model is an ongoing process and involves collecting publically 

available, statistically significant data and interpreting it. My aim is to develop different bun-

dles with different financial metrics like rate of return, net present value, discounted payback 

period, and levelised capital and operational cost of electricity; as well as the operational pe-

riod energy savings. Potential investors or owner occupiers can then decide what bundle is 

best suited to them. Of course, the bundles can be indicative and it would be best to tailor 

each project for each client, particularly keeping in mind climate as this can affect the finan-

cial returns of measures that aim to improve thermal comfort.  

There is enough energy for everyone‘s needs, but not enough for everyone‘s greed. Using 

energy wisely helps to cultivate a love that comes from the heart, and vice versa, which leads 

to permanent peace and happiness. This thesis will investigate business models and policies 

that enable and accelerate wise energy use.  It will cover economic modelling for an average 

Australian household with a flat rate tariff and time of use tariff. 

There is a need for sustainable energy and there is a lot of unrealised potential for sustaina-

ble energy and sustainable buildings. However, to have sustainable buildings it is important 

to look beyond the building itself and look to urban planning (consideration of infrastructure: 

built environment, water, electricity and transport). Teams of engineers, architects, project 

developers, construction workers, urban planners, policy-makers, financiers and so on would 

be required. Traditionally energy has been supplied through incumbent energy utility compa-

nies (EUCos) which has tended to focus on supply of energy. The dominant source of this 

energy has been from fossil fuels. Innovative business models have arisen which provide the 

opportunity for people to access energy services more sustainably. 

Comprehensive refurbishment through an interdisciplinary team is a method for achieving 

sustainable buildings (which includes sustainable use of energy in them) in existing buildings. 

Given that the rate of construction in Australia is small compared to the existing building 

stock, there is a need for comprehensive refurbishment. 

However, given the current use of grid-connected electricity, and the expectation that it will 

be used for some time, there is also a need for a business model that harmonises service of 

energy from all points of supply and demand. Current ESCo business models focus on ener-

gy service at the demand-side – where energy is used, typically in buildings. The scope of 

this thesis may cover supply and demand from buildings, and may not cover the grid. 

Energy services should be provided as close as possible to where they are needed. ESCos 

help to enable people to access energy services in buildings. Basic ESCo business models 

that have developed a market focus on supplying energy through energy supply contracting 

(ESC) or saving energy through energy performance contracting (EPC). However, having an 

integrated business model that aims to supply and save energy through energy performance 

contracting has the potential to be more efficient and be of more loving service with energy. 
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The aim of this study is to see how people can access energy more sustainably. Business 

models should focus on service, although they do need to be remunerative. 

There is not much experience of comprehensive refurbishment in Australia, particularly for 

residential buildings. It may be easier to have comprehensive refurbishment in apartment 

blocks as opposed to suburban houses or semi-detached terrace-style housing. 

8 DISCUSSION OF ADVANCED METERING INFRASTRUC-

TURE AND COST-REFLECTIVE PRICING [1] 
Setting of tariffs in accordance with LRMC. Locational and capacity based network pricing 

requires advanced metering infrastructure (AMI) which is not sufficiently developed in Aus-

tralia. 

Barriers to LRMC cost-reflective pricing: lack of available data, significant changes to ena-

bling technologies, increases to consultation requirements, as well as a risk of increased 

complexity for consumers. Requiring distributors to set cost-reflective network tariffs in ac-

cordance with LRMC is just one method of encouraging cost-reflectivity, and should be com-

pared against other approaches that seek to achieve the same outcome. 

Trial with electricity providers a revenue cap with an overs and unders process, show it can 

be successful and use as a success story for other providers. However, electricity providers 

will obviously want to not have a revenue cap. Therefore using peak demand charges with 

spot-tied electricity pricing may be more appropriate, as this will still allow retailers to make 

profits while also reflecting the costs involved in network augmentation. However, peak de-

mand charges are another way of saying capacity charges, which require AMI. ERAA sug-

gests that LRMC could be more accurately reflected in the near-term by changing the varia-

ble and fixed components of electricity pricing structures. This would be a transitionary 

measure until smart meters are widely deployed in the market.  
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9 STEPS FOR SETTING UP AN ENERGY SERVICE BUSI-

NESS 
Look at how to set up a successful CR-IEC ESCo for residential buildings. Look at savings in 

energy and water. First look at detached houses, then semi-detached, terrace, apartments, 

education, retail and commercial. Look at possibilities for expanding business model into 

other areas, e.g. construction of new buildings and providing other services. One service for 

houses with pools could be to let members of the public use it with swipe card access, pay-

ing for each swipe, or for the time of use (swipe in and swipe out). Other services could be 

additional options such as gardening (food growing, lawnmowing, mulching, weeding, prun-

ing, etc.), cleaning (exterior and interior), landscaping and kerbside address painting. Focus 

at all times on quality service, expansion will naturally follow. 

Set up website and other marketing media, perhaps with the help of marketing professionals. 

Procure materials, staff, office, financing. 

Set up KPIs, e.g.: 

 Sales 

 WHS 

Steps in prospect/customer engagement 

 Marketing 

o Sustainability audit 

 Sales 

Financing 

 Engage with stakeholders to organize, e.g.: 

o Government 

 Local 

 State 

 Federal 

o Mortgage lenders 

o Investors 

o Energy retailers/utilities 
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10  LITERATURE REVIEW 

10.1 BACKGROUND 
While single dwelling buildings constitute the majority of the built environment, people living 

in multi-unit buildings and semi-detached buildings seem to have a lower life cycle environ-

mental impact, particularly with energy use as shown in Figure 10-1:  a comparison of energy 

use. A paradigm shift in the buildings people live in (particularly with respect to an optimum 

population density) is arguably needed for reduced environmental impact from society. Note 

also that the total energy use over 50 years for a suburban passive house is on par with that 

of a standard suburban house. Two conclusions can be drawn from this when comparing to 

city apartments. The first is that building shells and structures should be long-life while as-

pects of buildings that need to be more flexible such as the stuff that goes within spaces (e.g. 

kitchens and bathrooms) should be more modular, flexible and adaptable, otherwise known 

as ‗loose-fit‘.  

The second conclusion is that the suburban way of living is simply unsustainable. Too much 

embodied energy per capita is needed in the form of materials. Too much energy is trans-

ferred between the building and the surrounding environment (very much more in the case of 

―standard‖ single dwellings cf. multi-unit buildings, yet, still more with ―passive‖ single unit 

buildings) resulting in a higher space heating and cooling demand vis-à-vis passive buildings. 

Too much energy, money and time is used in transportation and associated infrastructure.  

On the opposite end of the spectrum, high rise city towers, can also potentially be overly 

wasteful in terms of energy use. The high population density means that energy used for 

transport on the horizontal plane is relatively low compared to a suburban lifestyle. With 

increasing height comes faster winds and cooler air which result in a higher heating demand. 

Increasing height also requires more lifts (resulting in greater energy use in transport on the 

vertical plane and thus overall transport energy use) and more powerful pumps to move 

water up. Increasing density on the horizontal plane results in more heat building up within a 

building. Consequently, air-conditioning is commonly used to remove that heat, particularly if 

natural ventilation and space planning are poor. The length of pipes and ductwork are long in 

towers, resulting in more energy losses moving fluids through them according to basic laws 

of thermodynamics. Thus, life cycle energy use per capita in high rise towers can be 

relatively high too.  

Now, energy for horizontal transport decreases with increasing population density while 

embodied and operational energy initially decrease as population density increases from 

suburban single dwellings, yet then start increasing again as population density approaches 

that within high rose towers. So, it can be assumed that at some point between the 

aforementioned two extremes (suburban single dwellings and high rise towers) in population 

density, the total or life cycle energy use per capita reaches a minimum level. This point 

would arguably be the optimum for the most sustainable lifestyle. However, perhaps a more 

sustainable lifestyle is one that is without a home, and is more nomadic. This lifestyle is 

suitable for climates that are tropical and subtropical where ambient temperatures are 

generally thermally comfortable most of the time, but this lifestlye may be more difficult in 

cooler climates. That being said, indigenous people all over the world have adapted to 

different climates. 



14 
 

From the above argument it seems that making a transition to an optimum level of population 

density is best in terms of maximising sustainable outcomes. However, only a small 

proportion of the building stock is added as new buildings each year. So while making such a 

transition seems ideal in the long-term, changes are needed in the short-term to reduce life 

cycle energy use per capita for occupant in existing buildings. 

‗Buildings consume approximately 40% of the world‘s primary energy and are responsible for 

40% of global carbon emissions.‘ [2] ―Nearly one fifth of the energy produced in Australia is 

consumed in buildings and accounts for around 13 per cent of Australia‘s total greenhouse 

gas emissions. These emissions are growing at 3-4 per cent each year, due to increased 

space (more offices, shopping centres) and more intensive energy use (longer hours of op-

eration, more computers, air conditioning).‖ [3] Also, ‗single dwelling buildings represent the 

‗large proportion (88%) of building stock in the US and consumes 80% of the total energy.‘ 

[2] Therefore, it stands to reason that single dwellings have the largest potential energy, 

greenhouse gas emissions and monetary savings to make. Thus is the value proposition of 

the thesis developed: reduce life cycle energy use, greenhouse gas emissions and monetary 

expenditure per capita for houses by uptake of energy efficiency measures and PV. 

10.1.1 POPULATION DENSITY AND LIFECYCLE ENERGY USE PER CAPITA 
―Most Australians live in separate houses on their own block of land. In 2001, 76% of private 

dwellings in Australia were separate houses, down slightly from 78% in 1991. The proportion 

of higher density housing increased from 20% to 22% with the proportion of other dwellings 

remaining at around 2% over the period.‖ [4] 

Over the long-term, Australians should make a shift in dwellings from suburban 

houses to urban multi-unit. An urban multi-unit lifestyle is more affordable and have 

almost half the total energy use over 50 years compared to suburban houses (includ-

ing embodied, operational and transport energy) (Figure 10-1:  a comparison of energy 

use [5]); closer to work, education centres, shops, spiritual centres and so on. Proxim-

ity to other locations means an improvement in life quality due to less time spent 

commuting in cars that cost money to own, register, fuel up and maintain; and more 

time commuting by methods of locomotion that use physical exercise, such as cy-

cling, walking, skating and rollerblading. It is easier for a multi-unit building to keep 

within a thermally comfortable range (if average ambient temperatures are thermally 

comfortable) due to the building‘s high thermal mass and less surface area is ex-

posed to lose or gain heat. Energy use can potentially be higher if the building is 

poorly designed so that artificial HVAC systems are required instead of natural venti-

lation; and with lift use. Food can still be grown on land, but the land would just be 

shared with other tenants. 
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Figure 10-1:  a comparison of energy use [5] 

The barriers to development of energy wise measures are well understood and researched in 

the literature [2, 6]. 

Implementation has been covered less. 

Traditional models of energy-saving implementation often follow a perspective of diminishing 

returns, where the marginal cost of energy saving measures increases exponentially with 

cumulative resource savings. In other words, to get more and more energy savings it costs 

more and more. However, critics of such a perspective have argued that if enough energy 

saving measures are implemented, the cost of saving energy can actually be drastically de-

creased, even to a negative cost (Figure 10-2). This can be achieved through eliminating the 

need for energy using equipment. For example, by improving thermal comfort levels2 through 

measures such as passive solar design, ventilation and insulation, there can be no need for 

capital and operational expenditure on heating, ventilation and air-conditioning HVAC equip-

ment. 

                                                
2
 There are ways of quantifying this such as the predicted mean vote (PMV) indicator 



16 
 

 

Figure 10-2: Optimizing entire buildings as a system with meticulous attention to detail (Lovins, Lovins 
and Hawken 1999) 

 

 

http://www.climateworksaustralia.org/sites/default/files/documents/publications/climateworks

_lcgp_australia_summary_mar2010.pdf 
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Tools to overcome sector challenges include: ``information through awareness campaigns, 

increased labelling and disclosure of energy efficiency performance to increase demand for 

energy efficient buildings and spaces; energy price structure through use of smart meters 

and removal of price distortions [such as high fixed daily connection costs, flat rates and dis-

connection fees, and changing to peak demand charges with spot-tied electricity pricing]; 

third-party funding to allow loan repayments to be collected through utility meter; leasing con-

tracts and property levies, enabling investors to maintain a positive cash flow and overcome 

split  incentives; increased facilitation services to reduce transaction costs; ,mandatory 

standards, rebates and tax incentives; market-based initiatives such as an emissions cap 

and trade system dedicated to commercial building retrofits; leading by example through role 

modelling [e.g. governments, corporations and retailers].‖ 
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Figure 10-3: CO2 savings potential from energy efficiency recommendations [7] 

 

Figure 10-4; Ranges for integrative design energy efficiency potential in the buildings sector 

http://www.rmi.org/RFGraph-integrative_design_energy_efficiency_potential_buildings 

10.1.2 BOTTOM-UP ENERGY ANALYSIS SYSTEM (BUENAS) 

http://www.rmi.org/RFGraph-integrative_design_energy_efficiency_potential_buildings
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BUENAS simulates policy scenarios such as: 

 Best Practices — Identifies 'achievable' efficiency targets based on alignment of Minimum En-
ergy Performance Standards (MEPS) across regions to model harmonization potential 

 Cost-Effective Potential — Models economic potential of high-efficiency appliance and equip-
ment by integrating BUENAS and Global Energy Efficiency Cost (GEEC) Database developed 
at LBNL 

 Best-Available Technology — Characterize Most Aggressive efficiency scenario representing 
technical potential 

10.1.3 SUPEREFFICIENT EQUIPMENT AND APPLIANCE DEPLOYMENT 

(SEAD) INITIATIVE 

10.1.4 POLICY ANALYSIS MODELING SYSTEM FOR MINIMUM ENERGY PER-

FORMANCE STANDARDS (PAMS-MEPS) 

 

Energy Savings Potential by Appliance in the SEAD Economies in 2030 

http://ies.lbl.gov/research-area/appliance-energy-efficiency 

http://ies.lbl.gov/research-area/appliance-energy-efficiency
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http://www.energydemand.co.uk/2013/10/iea-highlights-huge-untapped-potential-energy-

efficiency/ 

10.2 BUSINESS CASE 

10.2.1 DEMAND SIDE RESPONSE 
Demand side response could be done with for small consumers by bringing them together 

through widespread broadband internet connections so that they have the scale of a single 

large consumer. The national broadband network (NBN) would help to implement this. 

10.2.2 ENERGY CONTRACTING (EC) 
See Appendix A: Energy contracting for a description of energy supply contracting, energy 

performance contracting, integrated energy contracting, and comprehensive retrofit s, as well 

as the context for each model, barriers and ways to overcome them for further development. 

Some ESCos exist in Australia, but most do work related to energy performance contracting 

(EPC), which is not well implemented with single dwellings and is used more for high volume 

buildings with higher levels of effective demand. 

10.2.3 ROCKEFELLER & DBCCA UNITED STATES BUILDING ENERGY EFFI-

CIENCY RETROFITS: MARKET SIZING AND FINANCING MODELS [2] 
See Appendix B: Rockefeller Report Outline. The report outlines business models for energy 
efficiency retrofits in the built environment, and policies to enable them. Business models in-
clude ESCOs,  
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10.2.4 IEA-RETD BUSINESS MODELS FOR RENEWABLE ENERGY IN THE 

BUILT ENVIRONMENT: IEA-RETD [6] 
This is another seminal report on energy efficiency and renewable energy financing models. 

The report has a similar aim to the Rockefeller and DBCCA report [2]. It‘s aim is to ―provide 

policy makers and other market actors with insight into the way new and innovative business 

models can stimulate the deployment of renewable energy technologies (RET) and energy 

efficiency (EE) measures in the built environment.‖ The report outlines barriers to the de-

ployment of business models and makes recommendations to overcome them. Barriers are 

as follows: 

 

The report defines a business model for RET and EE and provides a concise description of 

10 categories of business models for RET and EE retrofits (it does not include Energy 

Service Agreements (ESAs) which are described in the Rockefeller and DBCCA report [2]). 

1 Bligh St is an example of a business model where a building owner (in this case also the 

developer) will implement energy wise measures, increase the rent and make a profit. 

The report remarks that ESCos can address the barriers of high upfront cost and access to 

capital. ESCos work well for large buildings (commercial and public). In small buildings (e.g. 

residential and small to medium enterprises (SMEs)), models that work well include property 

assessed clean energy (PACE), mortgage repayments and on-bill financing. Note that mort-

gage repayments are more like a subcategory of on-bill financing rather than PACE. PACE is 

done through a property tax. However, mortgage repayments could be similar to PACE in 

terms of the financing being tied to the property rather than the owner. 

The following information about property taxes in Australia is paraphrased from the ATO [8]: ‘ 

property taxes generally do not apply for residential buildings.  Exceptions include capital 

gains taxes and income taxes (in the form of a General Services Tax (GST)). Capital gains 

taxes apply to: 

 investment properties; 

 if a home is rented out (partly or fully), used for work, or is on 2 or more hectares of 

land 

 vacant land,  

 subdividing land, 

 property development, 

 building and renovating, 

 inheriting and then selling a dwelling. 
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Income taxes apply for owning and using a property for income-generating purposes, e.g. 

running a business and for using subdivided land in a business-like way.‘ In short, capital 

gains taxes and income taxes apply for Australian properties when they are used for busi-

ness purposes, or are on land that is valuable for business purposes. 

Since this thesis is focusing on energy wise measures for small buildings (particularly hous-

es) it will focus on the business models related to it in Australia: namely PACE and on-bill 

financing, with an analysis of the market and policy context as well as an analysis of 

strengths, weakness, opportunities and threats (SWOT) related to on-bill financing. One key 

point in [6] is that PACE and on-bill financing involves making repayments over a long-term, 

which is suitable for life-cycle costing where houses are living in for a long time. Other busi-

ness models can be applied to houses, such as ESCos; owner-driven investment to increase 

rent and profit; and performance certification in the form of a Green Star Performance rating 

and/or mandatory performance disclosure. The first two business models have significant 

financial barriers in terms of transaction costs, risks and lack of information or concern about 

energy efficiency and its importance for reducing environmental impacts and saving money. 

Performance certification may help, however it would be an onerous process due to the ag-

gregated nature of the housing sector and low level of effective demand, as mentioned by 

[2]. Therefore, this thesis will focus principally for business models on OBF and PACE. 

With on-bill financing (OBF), the surcharge can be equal to the energy savings made by the 

customer. The surcharge could be higher to account for the work involved with the lender 

and other parties associated with the scheme and profit margins. It could be the same or 

lower for social housing where affordability is important. The bill is typically through an ener-

gy retailer (known as a utility in the US) however it could also be in the form of increased 

mortgage repayments or council rates. The Environmental Upgrade Agreements that apply 

to non-strata commercial and light industrial buildings in NSW is a form of on-bill financing, 

repaid through council rates. 

Policies that could stimulate OBF include governments extending the EUA scheme to resi-

dential buildings; requiring retailers to invest a certain amount of annual revenue (as a per-

centage or amount) on energy-wise measures for customers. In multi-unit residential build-

ings where strata schemes apply, EUA would need to be done through the owners‘ corpora-

tion of the building. 

For PACE, property tax laws could be amended to make PACE suitable. The energy savings 

could be treated as an income and so GST could apply. Another option is to mandate mort-

gage lenders to allow energy wise retrofits to be included in the mortgage and repaid over a 

longer term and/or a higher interest rate. 
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10.3 TECHNOLOGIES FOR COMPREHENSIVE REFURBISHMENT 

10.3.1 THE ZERO CARBON AUSTRALIA PLAN 

Edis Beyond Zero Emissions (BZE), in conjunction with Melbourne University‘s Energy Institute, 

has developed a detailed plan showing how all existing buildings can reach zero emissions within 

10 years.  

http://media.bze.org.au/bp/bze_buildings_plan.pdf 

Notes 

Only looks at emissions from the operation stage of buildings over their life cycle. Looks at 

building improvements, solar system installations and smart grid upgrades. Includes eco-

nomic analyses. Not detailed in how the installation will be done in terms of labour. The plan 

has shown that the net present costs of the plan is cheaper than BAU, however the payback 

times for some improvements may be long. IEC ESCOs can help to overcome the financial 

barriers. 

Australian energy buildings standards, regulations and policies should both improve the min-

imum acceptable efficiency standard and extend the maximum. Have net zero emissions and 

zero energy targets for all buildings (it is even possible to extend targets to have net positive 

emissions and energy impacts, or even to extend to other indicators as described below). 

Targets achieved by a steady escalation of building regulations and development and dis-

semination of technologies, practices and policies. (Targets and interim targets should be 

planned and announced well in advance). 

National standard: sets levels of performance for sustainability targets, measuring impacts 

such as energy and CO2 emissions, indoor environment quality, pollution, water, waste, ma-

terials, health and well being, management, surface water, run-off and ecology. 

Proposes a national program (presumably funded by federal government) to promote retrofits 

based on the use of national, standard audits and incentives for recommended measures. It 

seems like the plan has not done enough to demonstrate how the rollout could be done in an 

economically efficient manner, e.g. through EC. The national program can be built upon by 

state and municipal government programs, e.g. by including additional financial incentives. 

NSEE Measure 3.1.1 Framework: 

1. Providing a pathway, implemented primarily through the Building Code of Australia 

(BCA), for increasing the stringency of the minimum performance requirements for 

new buildings and renovations; 

2. Providing consistent, accurate and understandable methodologies for assessing and 

for publicly communicating the energy efficiency (and other sustainability elements 

over time) of new and existing buildings 

3. Enhancing governance arrangements for building energy assessments, ratings and 

standards setting. 

 

―These COAG initiatives, operating in parallel with other 
interventions at different levels of government, are aimed at 
addressing other barriers through innovation. In total, there 

http://media.bze.org.au/bp/bze_buildings_plan.pdf
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are around fifty individual measures aimed at improving 
sustainability in the built environment which are contained 
in the National Strategy on Energy Efficiency or delivered 
by the Australian Government. Separate state, territory and 
local government measures add to this figure. 
Despite this proliferation of measures, planned or in place, 
barriers to action remain and further opportunities to 
encourage energy efficiency in buildings exist. In particular, 
the lack of a building emissions reduction target over time, 
or a zero energy building target akin to those set by other 
countries to frame the implementation of these measures, 
will result in Australia falling behind the rest of the world 
in terms of the performance of its building stock. The long awaited 
mandatory disclosure of energy performance for 
residential premises is currently on the back burner.‖ 

10.3.1.1 Retrofit measures included in ZCA plan: 
Fixing Australia‘s buildings through: 

 Full insulation retrofit 

 Full draft proofing 

 Efficient window glazing 

 Better shading 

 Cool roof paint 

 Installing new chilled water cooling systems and improvements to air handling in commercial 
buildings 

Going gas free through: 

 Electric heat pump heating for space heating 
o Uses renewable ambient heat by extracting heat from the air, 
o Five times more efficient than gas, at less than half the running costs 

 Heat pump hot water 
o Air conditioners that heat your water 
o Uses 80% less energy than gas and standard electric-based hot water systems 

 Cooking with induction cooktops 
o Same performance as a gas cooktop 
o Uses half the energy 
o Safer than gas and avoids indoor air pollution 

Lighting upgrade 

 LED lighting replacement for all lighting types. 
o LED downlights save 80% of the energy used by halogens 
o Provides quality light. 

Efficient appliances 

 Raise the bar on energy performance standards making today‘s best appliances tomorrow‘s 
benchmark 

Energy monitoring 

 Real time monitoring of energy use using in-home displays or energy management systems 
Rooftop photovoltaic systems 
 
Note that it seems rather presumptuous of Beyond Zero Emissions to say these things must be done. 
Forcing people to do something does not work, neither does coddling them. People have to be ena-
bled – ―give a man to fish and feed him for a day, teach a man to fish and feed him for a lifetime.‖ 
 

10.3.1.2 Other Retrofit measures from Your Home: 
 
Additionally, for sustainable water: 

o Appropriate roof forms and gutters 
o Rainwater tanks 
o Better fittings 
o Water recycling 

 
Energy and water efficient fixtures, appliances and mechanical equipment 
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 Low Volatic Organic Compound (VOC) finishes and air-to-air heat exchange. 
High quality, permanent building materials 
Rather than demolishing existing buildings,  
New buildings should have all of the above plus have long-life, loose-fit and low-impact materials (fin-
ishes, furniture, floors, walls, etc.). Long-life means conducting a life cycle assessment of different op-
tions and choosing the best available that has the lowest life-cycle environmental impact. Loose-fit 
means modular fittings rather than built-in ones, so that parts can be easily replaced rather than re-
placing the larger system that the component is a part of. Low impact means choosing materials that 
have not only a low environmental impact but also a low health impact over the life cycle of the mate-
rial, e.g. releasing low to no amounts of VOCs and other toxic compounds (maximum acceptable limits 
should be defined above which the risk on health is too great. 
 
Reducing the life cycle environmental impact of buildings can be done through: 

o Better design and planning 

o Design with climate (Figure 10-5, Figure 10-6) 

 North-south aspect to minimise solar gains and glare during the afternoon and 
morning. 

 
Figure 10-5: Basic forms and building shapes in different climate regions [9] 
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Figure 10-6: Temperate zone housing layout from the East 

o Greater flexibility and multi-use buildings, so that people can live, work, shop, eat and study in 
the same place (residential, commercial, retail, education) 

o Quality not quantity (e.g. appropriate height and size) 
o Better regulations 

10.3.2 YOUR HOME 
The first step in any strategy to use sustainable materials is to reduce the demand for new 

materials. Rather than knocking down and rebuilding a home, it‘s worth trying where possible 

to renovate or at least reuse materials from the existing home. Consider building smaller, 

well-designed houses and minimising wastage by using prefabricated or modular elements, 

for example, and by avoiding unnecessary linings and finishes. During design and construc-

tion, incorporate approaches that will make it easier to adapt, reuse and eventually dismantle 

the building. By choosing durable, low maintenance materials, you can minimise the need for 

new materials and finishes over the building‘s lifetime. 
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Figure 10-7 The efficiency improvement potential in 2020 through building shell measures, savings (%) by 
country and residential and services [10] 

10.3.3 BEHAVIOURAL CHANGES WITH ENERGY USE IN RESIDENTIAL BUILD-

INGS 

10.4 PUBLIC OPINION ON ENERGY SERVICES INITIATIVES 
 See Appendix C: More Analysis of Context 

10.5 BEHAVIOUR 
See my blog which has many tips on living sustainably: 

http://jamescray.wordpress.com/sustainable-living/. 

10.6 ECONOMIC ANALYSIS 
One aim of an economic analysis here is to see what level of measures would be required in 

a typical residential building in order to achieve a ―tunnel-through‖ effect, where enough 

measures are implemented to avoid requiring the installation of an air conditioner or heater. 

The drawback to such an analysis is that it is not certain whether HVAC measures would be 

employed in any case. Would building occupants who don‘t have good insulation, shading, 

window measures and other measures that improve thermal comfort rely on artificial HVAC 

measures to achieve thermal comfort, or would they wear warmer clothing when cold and 

natural ventilation when hot, or try to grit out, or try to overcome it? Nevertheless, designing 

and implementing energy saving solutions will increase the probability of reducing HVAC re-

quirements and improving thermal comfort requirements. Economic analysis should involve 

life cycle cost analysis rather than comparing capital costs. Comparing net present values 

and internal rates of return are also helpful. 

Annual savings from measures such as passive solar and insulation increase the probability of reduc-
ing energy consumption from artificial HVAC measures, however it is more difficult to quantify these 
values. Factors that affect potential savings include climate, changes in the cost of energy and of 
technologies,  the level of measures employed and how much they displace HVAC (cf. marginal im-
provements vs.the tunnel-through effect: if measures displace the need completely for heaters and air 
conditioners then capital savings can be reduced greatly). 

10.6.1 LIST OF MEASURES 
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 Solar photovoltaic (PV) systems 

 Lighting: replacements with the best available technology, which are LEDS at present 

 Insulating: 
o Rooves/ceilings 
o Walls 
o Floors 

 Draft proofing 

 Window measures: glazing, films, heat mirrors and secondary glazing 

 Shading 

 Cool roof paint 

 Heat pump 
o Space heating 
o Hot water 

 Induction cooktops 

 Efficient appliances – replacing with best practice at end of life, e.g.: 
o Financing measures (better than rebates, e.g no upfront cost, deposit, monthly instal-

ments) 
o Refrigerators/freezers (enabling fridges with high stars but without the expensive fea-

tures like metal exterior, ice cooling, electronic controls, etc.) 
o Washing machines 
o Ranges 
o Dryers—better still don‘t even use one and use solar and/or evaporative drying 
o PCs vs. laptops vs. tablets—investigate options for keeping good productivity with tab-

lets, e.g. tilt pads, ergonomic keyboards and mouses 
o TVs (again, usually better to not use at all) 
o Low standby MEPS 

 Energy monitoring 

 Load control, scheduling 
o E.g. with pool pumps 

 Rooftop PV 

 Marginal Cost of Electricity Production in a Decarbonized Electric power System (in-

cluding transmission and distribution system improvements) 

 forecasted reductions in prices for different energy efficiency measures and low-

carbon generation techniques 

 Electric Vehicles 

 Use Low VOC products to improve indoor air Quality 

 Planting native plants and other appropriate landscaping measures. 

 Conservation: e.g. cold showers; using buckets to capture water from sinks, taps and 

showers, and washing machines and using as grey water on gardens 

o when cold, wear warmer clothing or use a doona 

o When hot, use cross ventilation, maybe a fan with water container for evaporative 
cooling (if not humid), lighter clothing and shading 

o  

Include savings for indirect side effects, e.g. implement enough measures to have no need for capital 
expenditure on HVAC 
 
Measures in order of priority (in heating-dominant climate): 

 Draught-proofing 

 Sufficient ceiling insulation, properly installed 

 Secondary glazing, window coverings or shading 
 
Apartments have many advantages, which include: 

 Better location and access to everything else (work, shops, healthcare, parks, spiritual cen-
tres, community facilities and so on) by being able to live in more dense urban environments 

 Simpler materials, construction and assess better over their life cycle in terms of cost and en-
vironmental impacts 

http://en.wikipedia.org/wiki/Native_plant
http://en.wikipedia.org/wiki/Landscaping


29 
 

 Potential for better integrated infrastructure with water, waste, electricity, transport, health, 
services 

 
With apartments, passive solar design becomes less important because there is less exposed surface 
area to the sun. Designing to increase the probability of making good use of natural ventilation then 
becomes even more important to reduce the probability of requiring air conditioning. Many people are 
also not home during the day, which again makes passive solar design less important. Having good 
design of private open space (north-facing balconies) and public open space is very important for en-
suring that people have good access to sunlight. The latter is difficult. 
Retrofitting existing building stock is a difficult and challenging task but  

Split-system reverse-cycle air conditioners vary greatly in price based on size and perfor-

mance. The purchase and installation of an individual high-performance system was found to 

typically cost in the range of $1,200 to $2,400 per room based on a survey of a range of 

products. For example a high-performance multi-head split system with four indoor units 

costs could be expected to cost around $7,000 - $8,000 fully installed. 

The prices of ceiling fans vary widely but are generally between $100 and $400 each 88. They can be 

installed for approximately $110 per fan 89. 

10.6.2 PV 
The levelised cost of energy (LCOE) of PV is lower than grid electricity in many 

jurisdictions[11], and this gap is expected to increase at the LCOE for PV trends downward 

with further research and development and commercialisation, while the LCOE for grid elec-

tricity increases as grid infrastructure ages and needs replacing, and the cost of fossil fuels 

increase as reserves are depleted. Additionally, improvements in battery storage technology 

shall likely soon make hybrid PV (grid-connected PV with battery storage) have a higher NPV 

than PV alone[12]. 

10.6.2.1 Building integrated facades/ shading devices 

10.6.2.2 Rooftop additions 

―Households with a solar electricity or hot water system (or both) spent around $6 less each 

week on dwelling energy sources than households who did not have solar.‖ ABS 4670.0 

Average annual savings                                  

10.6.2.3 Rooftop BIPV rooftop retrofits 

10.6.3 LIGHTING 

  LED CFL Incandescent 

Light bulb projected lifespan 50,000 hours 10,000 hours 1,200 hours 

Watts per bulb (equiv. 60 watts) 10 14 60 

Cost per bulb $35.95 $3.95 $1.25 

KWh of electricity used over  
50,000 hours 

500 700 3000 

Cost of electricity (@ 0.10per KWh) $50 $70 $300 

Bulbs needed for 50k hours of use 1 5 42 

Equivalent 50k hours bulb expense $35.95 $19.75 $52.50 

Total cost for 50k hours $85.75 $89.75 $352.50 

 

Energy Savings over 50,000 hours, assuming 25 bulbs per household: 
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Total cost for 25 bulbs $2143.75 $2243.75 $8812.50 

Savings to household by switching  
from incandescents 

$6668.75 $6568.75 0 

http://eartheasy.com/live_led_bulbs_comparison.html#a 

Note that the above source is probably outdated as the cost of LEDs are reducing 
quickly. 

See spreadsheet for a more up-to-date analysis. The results from this analysis was in 
the direction expected. Replacing incandescents with LEDs was the most economi-
cally effective, followed by replacing halogen downlights with LED downlights, CFLs 
with LEDs and fluorescent tubes with LED tubes. All replacements had very fast pay-
back periods and high net present values. 

The results are summarised quantitatively in  Nominal (Mortgage) Interest rate, Inflation 

Rate, Real Interest Rate, Present Worth Factor over 25, 30 and 35 years 

http://eartheasy.com/live_led_bulbs_comparison.html#a
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Figure 13-1: Inflation rates [23] [24-27], variable mortgage rates [28] and real interest rates from Q3/2014 
to 2050  
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Figure 13-2: Number of quarters from 2014 to 2039. 2044 and 2049 
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Figure 13-3: Fractions of time from 2014 to 2039. 2044 and 2049 
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Figure 13-4: Weighted average inflation , variable mortgage and real interest rates (WAFR, WAIR, WARIR) 
from Q3/2014 to Q3/2039 in total columns 
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Figure 13-5: WAFR, WAIR and WARIR from Q3/2014 to Q3/2044 in total columns 



40 
 

 



41 
 

Figure 13-6: WAFR, WAIR and WARIR from Q3/2014 to Q3/2049 in total columns, and Present Worth Fac-
tors (PWFs) for each period 

10.7 TYPICAL HOUSEHOLD ENERGY CONSUMPTION 
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Figure 13-7:  Energy consumption [26, 27, 29, 30] 
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Figure 13-8: energy consumption [28, 29] 
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10.8  PV 
Hybrid systems do not yet have a better NPV than grid-connected systems without batteries, 
therefore it is better not to consider these as an option [28].  

 

Figure 13-9: PV assumptions (average household) and financial metrics [26, 31-34] 
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Figure 13-10: Further PV assumptions and financial metrics: average install size, sensitivity analysis of 
commercial system sizes skewing average size [31, 32, 34, 35] 
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Figure 13-11: Further PV assumptions and financial metrics: average install size, sensitivity analysis of 
commercial system sizes skewing average size (ctd.) [31, 32, 36]; export rate selection of 10 c/kWh based 
on best available market rate [32] rather than estimated values [36] 
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Figure 13-12: PV average system size per household, cost and financial metrics [37, 38] 
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Figure 13-13: Financial metrics PV average household: PV deterioration rate [39] 

10.8.1 TIME OF USE 
Investigations can be done with time of use and load scheduling. Some work has already 

been done on PV and time of use and this could be adapted to include load scheduling. The 

results for this work are included in Appendix C: More Analysis of Context 

Opinions on Behavioural Energy Use [2] 

 ―When it comes to electricity we lose this ability to make conscious 

decisions about expenditure before we make the purchase.  Instead 

we‘re flicking switches on and off throughout the day with little under-

standing of how much it‘s costing us. Then, two or three months later, we 

get a bill and we still don‘t really know what might have caused this bill to 

be substantially higher than the last. What‘s more we really can‘t afford to 

not pay the electricity bill – disconnection makes life impossible.‖ 
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―One has to ask, why on earth is there a need to lock customers into two-year con-

tracts when: 

1) the electricity business doesn‘t hand over any expensive equipment for free (for 

example a mobile phone); and 

2) the power company is free at any time to change the most important component of 

the contract – the price.‖ 

―Households are worried about their power bills because they lack understanding and 

control over them and the reality is that, for the most part, they‘re too busy to build 

that understanding.  

―They don‘t want to have to watch their meter every few hours and run around the 

house switching things on and off. What they want is for others to provide the 'set 

and forget' equipment that will bring their bills under control without them having to 

think too hard. 

―And that‘s why solar has been so popular. 

―It‘s also why making energy efficient equipment the affordable default is something 

households support.‖ 

This is all well and good but to make a truly sustainable shift will require a more ac-

tive role in people‘s engagement than the passive attitude described here. 
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Figure 15-11: public opinion on energy-wise measures 
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Figure 15-12: public opinion on household cost expenses, electricity no. 1 concern. [2] 
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10.8.2 AUSTRALIAN ENERGY SERVICES MARKET 
Members are listed on Energy Efficiency Council website (http://www.eec.org.au/members). 

Most of these companies are energy utility companies (EUCos) such as AGL and Origin 

and/or focus on EPC in large volume buildings in the commercial, public and retail sectors. 

There are many solar companies and many of these have financing options available. Aus-

tralian ESCOs that service residential buildings are yet to be found.  

The following companies that claim to be involved with energy efficiency in the residential 

sector are: 

o Schneider Electric www.schneider-electric.com.au 

o AGL Smarter Living 

o Origin guide 

o Rexel http://www.rexelha.com.au/ (electrical solutions) 

o Ecovantage  

None of these appear to be ESCos. They may sell EE products or conduct home sustainability assessments or 

audits. 

---- 

Ecovantage is a sustainability services company specialising in energy efficiency solutions for the commercial and 

residential sectors. 

Operating in SA, VIC, NSW, Ecovantage provides high quality environmental solutions to reduce energy use, 

save on operating costs and reduce greenhouse gas emissions.  Services provided include: 

 

Residential 

 Rebate Services 

 Home Sustainability Assessments 

 Energy Efficiency Product Upgrades 

 Ecovantage Energy Saving Webshop 

For more information visit www.ecovantage.com.au or call on 1300 721 335 

None of the above offer comprehensive refurbishment, except perhaps for Ecovantage. 

However there does not appear to be much of a market in NSW. 

---- 

Home sustainability assessment 

http://www.livinggreener.gov.au/water/water-in-the-home-and-garden/water-efficiency-

home/get-home-assessment#get_started 

Free assessments no longer available 

----- 

10.8.2.1 Big Switch Projects 

Big Switch Projects is a company based in Sydney that is very much involved with energy 

services for homes, however marketing is towards homes with large bills, where the energy 

efficiency saving potential is greater. They have an audit with recommendations to follow up 

on. They have support from the City of Sydney. It costs $495 for a home energy audit. For 

people who are not energy guzzlers, it is likely to not be very feasible for Big Switch Projects 
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to work with them. They also appear to do energy contracting 

(http://www.bigswitchprojects.com.au/project-management/) and IHDs 

(http://www.bigswitchprojects.com.au/our-green-home/). 

Therefore it seems like in-house implementation may be the only other option at present. In-

house implementation requires time and motivation. 

10.8.3 INVESTING IN SAVINGS: FINANCE AND COOPERATIVE AP-

PROACHES TO ELECTRICITY DEMAND MANAGEMENT 
http://www.cleanenergyfinancecorp.com.au/media/60988/230711-cefc-finance-cooperative-

demand-management-study.pdf 

Not very relevant to thesis aims. 

 

 

10.8.4 BARRIERS TO PUBLIC SECTOR DEVELOPMENT 
http://www.worldenergy.org/documents/esco_synthesis.pdf 

Barriers to public sector development 

 Lack of awareness from decision makers, whose priorities are often aimed at more 

popular issues e.g. education, healthcare, infrastructure or unemployment. 

 Long-term vision hampered by election cycle and term/period of office thinking 

 Fear/risk-averseness to outsourcing – loss of jobs and control 

 

Barriers to and solutions for ESCo development 
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List of abbreviations: countr- countries, DE- Germany, CN- China, HU- Hungary, IN- India, 

ind- industrial , IT- Italy, PL- Poland, res- residential, SE- Sweden, SME- small and medium 

enterprise, TE- countries in transition 

Source: Vine 2005, Painuly et al. 2003, all country reports 

Pp 18-20 March 2007, ESCo Synthesis, An Assessment of on Energy Service 

Companies (ESCOs) Worldwide 

Ürge-Vorsatz, Diana; Sonja Köppel; Chunyu Liang; Benigna Kiss; Gireesh Goopalan Nair; 

Gamze Celikyilmaz; 

Central European University 

Giles Parkinson, editor of Renew Economy 

―There are some [IEC ESCos] emerging. But it is difficult because of the way the Australian market is struc-

tured and the dominance of the major players. The big problem is hedging price risk - and smaller players 

are vulnerable to getting screwed by the big guys. market dominance!‖ 

Appendix D: PV and Time of Use. 

10.9  LIGHTING 

Table 13-1, Table 13-2 and Table 13-3: Net Present Values (NPVs) of replacing lights. 

10.9.1 INSULATION 
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Installation of additional ceiling and wall insulation was quite cost-effective, with nor-
malized annual consumption (NAC) savings ranging between 12-21% in 10 retrofit 
projects, and average cost of conserved energy (CCE) values between $1.60-6.50/ 
GJ. 
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Savings to additional cost ratios in different cities pp 34-36 
http://www.law.berkeley.edu/files/bclbe/BardhanJaffeeKrollWallaceEEResi121912F.p
df 

Economic analyses for insulation are in section 13. 

10.9.2 SHADING 
The form of a building, climate and shading from other objects affects shading of windows 

and how shading affects energy performance.  

 
One study [13] does a quantitative economic analysis of different building types in five cities in China, 

which represent the five typical climate zones. Adapted results are in section 13.5. The climate zones 

are:  severe cold region, cold region, hot summer cold winter region, hot summer warm winter region, 

and mild region. Harbin, Beijing, Shanghai, Guangzhou and Kunming are chosen as the representa-

tive cities for the five climate regions, respectively. The study calculates the fractional energy saving 

and simple payback time but does not calculate other economic indicators such as net present value 

or internal rate of return. For a high-rise residential building, the payback times are quite long 

for all measures considered (fixed shading, louver shading, shading roll (translucent and 

opaque), varying between 12 years for fixed shading and 783 years for louver shading. The 

maximum payback time for fixed shading was 138 years. Chen, Ji, & Xu (2012) recommend for 

high-rise residential using fixed shading buildings in Guangzhou (hot summer warm winter), Beijing 

(cold region) and Shanghai (hot summer cold winter) and flexible (opaque) shading in Harbin (severe 

cold region)
3
. 

What seems odd about the Chen, Ji, & Xu (2012) study is that the payback times for Beijing (cold 

temperate climate) are faster than that for Kunming (mild temperate climate, which is warmer than a 

cool temperate climate. One would expect the reverse situation to be true, since shading devices are 

cooling agents (blocking the sun‘s heat out). Looking further into the climates of each city, Kunming‘s 

climate has been defined correctly by the study, however the study‘s characterization of Beijing‘s cli-

                                                
3
 presumably because these measures have the fastest payback times – although note that 

these range from 12 years for Guangzhou, 14 years in Shanghai, 20 years for Beijing fixed 

shading; and for flexible (opaque shading), 27 years in Harbin. The lowes for this mild 

(climate zone representative) city. t payback time for Kunming is 138 years, which proba-

bly explains why they make no recommendation 

http://www.law.berkeley.edu/files/bclbe/BardhanJaffeeKrollWallaceEEResi121912F.pdf
http://www.law.berkeley.edu/files/bclbe/BardhanJaffeeKrollWallaceEEResi121912F.pdf
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mate as a cool climate seems to be incorrect. Beijing‘s climate is more accurately described as hot 

humid summer, cold dry winter[14]. As such, there are probably more cooling degree days in Beijing 

than Kunming, explaining the faster payback times for shading devices. The other cities have been 

more or less chosen correctly with their respective climate zones, with the additions that Shanghai has 

relatively high humidity levels all year round (minimum 72% in February, maximum 82% in June)[15]; 

and that humidity levels in Guangzhou are also high[16]. 

Australia has a very diverse climate, ranging from high humidity summers and warm winters 

in the north coast at one extreme, to hot dry summers and warm or cool winters in the majori-

ty of Australia from just west of the Great Dividing Range to the west coast, to alpine regions 

in the high altitudes of the Great Dividing Range and Tasmania at the other extreme, with 8 

different climate zones in total. According to [17], coastal Sydney has a warm temperate cli-

mate zone (zone 5). Generally speaking, as distance from the coast increases along NSW 

and elevation increases (moving up into the Great Dividing Range) climate zones transition 

to zone 6 (milt temperate) and in the southern half and Armidale, zone 7 (cool temperate). 

Inland NSW (on the western side of the GDR) is zone 4 (hot dry summer cool winter). The 

north-eastern corner of NSW (from Kempsey to Tweed) is zone 2 (warm humid summer, mild 

winter).  

Inner Sydney has a warm temperate climate, which is the climate zone between mild tem-

perate (which can be assumed to be the same as the mild region in the Chen, Ji & Xu (2012) 

study) and a hot dry summer, cool winter climate. Again, the Chinese cities with these cli-

mates are Kunming and Shanghai, respectively. So, coastal (including inner) Sydney has a 

climate between Kunming and Shanghai (assume halfway). It is difficult to predict how the 

financial indicators would be for Sydney. The relationships between climate, shading and en-

ergy use are by no means linear. While the retrofit costs are constant irrespective of climate, 

the operational cost savings have a non-linear relationship with climate and shading retrofits. 

Because the payback times for Kunming are so long, it may be worthwhile investigating how 

shading retrofits perform financially for warm temperate climates (such as Sydney) (because 

a warm temperate climate zone is one climate zone warmer than a mild temperate zone that 

Kunming is representative of). Innovative methods (found e.g. by research) could also be 

considered to reduce the retrofit costs of shading retrofits, particularly for fixed shading which 

typically has the fastest payback times. 

For warmer climate zones than warm temperate zones (climate zones 1-4) the payback 

times for shading devices are typically favourable while for colder climates the payback times 

are longer. The savings made from measures with shorter payback times can be used to pay 

for measures with longer payback times. The payback time for shading devices is likely to be 

longer than most other measures. Other more cost-effective alternatives to commercial shad-

ing devices could be to use home-made shading devices, ranging in increasing complexity 

and cost from cardboard to reused plastic to wood. Trees are another good shading device. 

For high-rise buildings green walls could be used. 

10.9.3 WINDOWS 
The U.S. Dept. of Energy estimates that during the summer up to 60% of a home‘s cooling energy is lost through 

its windows and during the winter up to 25% of a home‘s heating energy is lost through its windows. Energy Film 

saves energy by reducing solar heat gain in summer and retaining heat in winter. 

http://www.energy-film.com/ 

http://www.energy-film.com/


60 
 

―One of the most remarkable performance features of these energy efficient window coverings is their 

ability to reduce heat transfer through windows by 43%... Typically, windows account for 15% to 30% 

of the buildings total heating costs and often more than 30% of cooling costs.‖ 

http://www.enerlogicwindowfilms.com.au/energy-efficient-overview.php 

Therefore Enerlogic window films ostensibly can save = 0.43(15 to 30) = 6.45% to 12.9 % of total 

heating costs and often more than 12.9% of total cooling costs. 

 

Retrofitting window glazing by replacement is likely to be expensive. Adding secondary window glaz-
ing is likely to be more economically efficient. Cost of secondary glazing: 
 
 

Adding secondary glazing (window film) to the existing single glazing would save you about £75 a 
year. 
http://www.thegreenage.co.uk/article/double-glazing-vs-secondary-glazing/ 
 
Cost for installer to do it: 
$450/sqm including installation and GST (Monica, pers. comm.) 
 
 
DIY cost: 
―Sheet of perspex is $100, polycarbonate is $200-ish, does me about 5 windows. magnetic edging is 
about $20 per window, 18mm square beading is $5 for 3.2m does a couple of windows too.‖ 
http://forums.whirlpool.net.au/archive/1815325 
 

COST COMPARISONS 
A typical window is around two square metres. 
Clear Comfort: $198 for a 10 metre by 1.6 metre roll (about $12 per square metre), 
together with tape and instructions. 
ecoGlaze: $300 to $350 per square metre, but more if the windows are oversized, 
oddly shaped or require scaffolding. 
Magnetite: $380 to $420 per square metre. 
http://www.michaelbgreen.com.au/secondary-glazing 
 
Assuming a cost saving of £75=136.5 AUD (01/07/2014) a year and using Clear Comfort with a 

capital cost of $198, the simple payback time would be 1.45 years. Of course the cost savings will 

vary depending on the amount of heating and/or cooling energy saved. 

Window film savings diagrams and tables are shown below. Note that the location is in Miami, 

which has a tropical monsoon climate, and experiences significantly warmer temperatures and 

humidity than Sydney. Therefore, savings are likely to not be as great. However, in a city like 

Brisbane or Darwin, savings may about the same. 

It is difficult to find savings estimates for window measures for temperate climates. There are 

quantitative figures for things like U-value, solar heat gain coefficient (SHGC), 

http://www.thegreenage.co.uk/article/double-glazing-vs-secondary-glazing/
http://forums.whirlpool.net.au/archive/1815325
http://www.michaelbgreen.com.au/secondary-glazing
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http://www.iwfa.com/Portals/0/PDFDocs/IWFA%20External%20%20Internal%20Film
%20Energy%20Study%20for%20Florida-Final-051414.pdf 

 

 

Florida is likely to have more cooling degree days than Sydney – therefore results 
may be quite different 
http://www.iwfa.com/Portals/0/PDFDocs/IWFA%20External%20%20Internal%20Film
%20Energy%20Study%20for%20Florida-Final-051414.pdf 

http://www.iwfa.com/Portals/0/PDFDocs/IWFA%20External%20%20Internal%20Film%20Energy%20Study%20for%20Florida-Final-051414.pdf
http://www.iwfa.com/Portals/0/PDFDocs/IWFA%20External%20%20Internal%20Film%20Energy%20Study%20for%20Florida-Final-051414.pdf
file:///C:/Users/James/Downloads/Dropbox%20161014/Education/Year%204/Thesis/Florida%20is%20likely%20to%20have%20more%20cooling%20degree%20days%20than%20Sydney%20–%20therefore%20results%20may%20be%20quite%20different%20http:/www.iwfa.com/Portals/0/PDFDocs/IWFA%20External%20%20Internal%20Film%20Energy%20Study%20for%20Florida-Final-051414.pdf
file:///C:/Users/James/Downloads/Dropbox%20161014/Education/Year%204/Thesis/Florida%20is%20likely%20to%20have%20more%20cooling%20degree%20days%20than%20Sydney%20–%20therefore%20results%20may%20be%20quite%20different%20http:/www.iwfa.com/Portals/0/PDFDocs/IWFA%20External%20%20Internal%20Film%20Energy%20Study%20for%20Florida-Final-051414.pdf
file:///C:/Users/James/Downloads/Dropbox%20161014/Education/Year%204/Thesis/Florida%20is%20likely%20to%20have%20more%20cooling%20degree%20days%20than%20Sydney%20–%20therefore%20results%20may%20be%20quite%20different%20http:/www.iwfa.com/Portals/0/PDFDocs/IWFA%20External%20%20Internal%20Film%20Energy%20Study%20for%20Florida-Final-051414.pdf
file:///C:/Users/James/Downloads/Dropbox%20161014/Education/Year%204/Thesis/Florida%20is%20likely%20to%20have%20more%20cooling%20degree%20days%20than%20Sydney%20–%20therefore%20results%20may%20be%20quite%20different%20http:/www.iwfa.com/Portals/0/PDFDocs/IWFA%20External%20%20Internal%20Film%20Energy%20Study%20for%20Florida-Final-051414.pdf
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Replacement 

Capital 
cost 
(AUD 
26-06-
2014) 

Energy 
use 
(W) 
[14] 

Usage 
hours 
per day 

Lifetime 
('000 h) 

LED downlight [2] 0.875 9 
 

30[12]-50 

LED tube T8 [1] 12.66 8 2 50 

LED bulb [3, 4] 2.29 3 3 50 

Fluorescent tube 
T8 [5] 8.26 36 2 

10-30 [15, 
16] 

CFL bulb [6] 3.30 15 3 15 

Incandescent [8, 9] 4.49 60 2 1 

Halogen downlight 
[10] 2 50 2 2 [11] 

 

 
Discounted payback period (years) 

Replacement 

LED 

down-

light 

LE

D 

tub

e 

T8 

LE

D 

bulb 

Fluores-

cent tube 

T8 

CFL 

bulb 

Incandes-

cent 

Halogen 

down-

light 

LED downlight [2] 
0 N/A N/A N/A N/A N/A 0.02 

LED tube T8 [1] 
 0 N/A 0.38 N/A N/A N/A 

LED bulb [3, 4] 
  0 N/A 

0.1

9 0.01 N/A 

Fluorescent tube T8 
[5] 

   0 N/A N/A N/A 

CFL bulb [6] 
    0 0.01 N/A 

Incandescent [8, 9] 
     0 N/A 

Halogen downlight 
[10] 

      0 

 

 
NPV 

Replacement 

LED 

down-

LE

D 

LE

D 

Fluores-

cent tube 

CFL 

bulb 

Incandes-

cent Halogen 

down-
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light tub

e 

T8 

bul

b 

T8 light 

LED downlight [2] 
N/A N/A N/A N/A N/A N/A 343.64 

LED tube T8 [1] 
 N/A N/A 22.42 N/A N/A N/A 

LED bulb [3, 4] 
  N/A N/A 

71.8

0 1435.96 N/A 

Fluorescent tube T8 
[5] 

   N/A N/A N/A N/A 

CFL bulb [6] 
    N/A 1429.10 N/A 

Incandescent [8, 9] 
     N/A N/A 

Halogen downlight 
[10] 

      N/A 

10.9.4 LIGHTING CONTROLS 

10.9.4.1 Motion sensors 

Probably not a great idea, may not save much money, particularly in high traffic areas 

http://www.thesimpledollar.com/does-a-motion-activated-light-switch-save-money/. 

Best used with a built-in photosensor. 

However, motion sensors and sensor lights have reduce greenhouse gas emissions: 

 

http://www.thesimpledollar.com/does-a-motion-activated-light-switch-save-money/
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http://www.energyrating.gov.au/wp-

con-

tent/uploads/Energy_Rating_Documents/Product_Profiles/Other/Motion_Sensors_and_Sens

or_Lights/sb200411-sensors.pdf 

Particularly good for outdoor lighting and circulation areas. 

Occupancy sensors range in cost from around $30 to $130, depending on the type and manufacturer. 

The simple payback period from their installation ranges from 0.5 to 5 years, depending on the level of 

occupancy and the potential for energy savings in the building or area. 

This is difficult to bundle with other measures --- more statistics would be needed on occupancy levels 

and energy savings potentials. 

The energy observer, Energy Efficiency Information for the Facility Manager, Quarterly Issue – December 

2007, Occupancy Sensors for Lighting Control 

Savings over 30%  

Galasiu, A.D.; Newsham, G.R., Energy savings due to occupancy sensors and personal controls: a pilot 

field study, Lux Europa 2009, 11th European Lighting Conference, Istanbul, Turkey, September 9–11, 2009, 

pp. 745-752 

10.9.5 CONTROLS, MONITORING AND FEEDBACK 

10.9.5.1 Smart meters 

―A smart meter is an electricity meter that measures and records your electricity use at differ-

ent times of day. 

 

―A smart meter records electricity use every half hour and gives you more information about 

the way you‘re using electricity. This gives you better information and allows you to make 

more informed decisions on the use of electricity in your home.‖ [18] 

A smart meter differs from a traditional mechanical meter by being digital, and by measuring 

energy usage every half hour, which is more frequent then traditional meters (say, every 

day). 

Smart meters can be combined with an electricity pricing structure that is dynamic (changes 

with time, e.g. time of use pricing and spot-tied electricity pricing4) to save energy, e.g. by 

load scheduling (changing the time of day that appliances are used from peak times to off-

peak, or to when PV produces the most electricity, which is typically at noon if the system 

faces north (in the southern hemisphere, south in the northern hemisphere). 

10.9.5.2 Home 

There are devices that are able to ―automate, monitor and provide suggestions [to save en-

ergy] and make life easier‖, and ―locate you and your belongings‖, such as the Ninja Sphere 

[19], as well as a ―Wattcost‖ device  that give feedbacks on how to save energy, switch elec-

tricity contracts to the best available provider, compete with neighbours, set energy  and bill 

savings goals, alert when appliances have been left on when leaving the home [20]. The 

former device uses trilateration while the second device uses the internet and cloud-based 

servers ―for real-time analysis on your smartphone‖. Both devices have and have compatibil-

                                                
4
 Refers to the price being tied to the ‗spot‘ price, which is the price of electricity on the national elec-

tricity market, which changes at 5 minute intervals and is scheduled at 30 minute intervals. 

http://www.energyrating.gov.au/wp-content/uploads/Energy_Rating_Documents/Product_Profiles/Other/Motion_Sensors_and_Sensor_Lights/sb200411-sensors.pdf
http://www.energyrating.gov.au/wp-content/uploads/Energy_Rating_Documents/Product_Profiles/Other/Motion_Sensors_and_Sensor_Lights/sb200411-sensors.pdf
http://www.energyrating.gov.au/wp-content/uploads/Energy_Rating_Documents/Product_Profiles/Other/Motion_Sensors_and_Sensor_Lights/sb200411-sensors.pdf
http://www.energyrating.gov.au/wp-content/uploads/Energy_Rating_Documents/Product_Profiles/Other/Motion_Sensors_and_Sensor_Lights/sb200411-sensors.pdf
http://en.wikipedia.org/w/index.php?title=Occupancy_sensors&action=edit&redlink=1
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ity with other devices. Another similar type of device is an internal home display (IHD) which 

is typically a monitor screen in the home that is (or can be) connected to a smart meter, and 

monitors energy use and can also monitor PV generation. The data from monitoring can be 

displayed in different ways, such as graphs; pie charts; green lights for electricity use being 

under PV generation levels and red lights being over; and more graphic displays such as 

gardens growing or wilting depending on energy performance. More advanced appliances 

have further features, such as being able to control lighting, sound and other appliances with 

a wave or touch of the hand (Ninja Sphere) as well as the features mentioned above. 

10.9.5.3 Appliances 

There are monitoring and controls tools for appliances, such as standby saver power boards 

and timers. These appliances use energy themselves, so it is better if people control appli-

ances manually and only resort to these if they are not prepared to do so. 

10.9.6 DRAFT PROOFING 

 

Also: vents in walls and gaps in windows. 

10.9.7 HEAT PUMP  

10.9.7.1 Heat Pump Space Heating 

Appliance investment cost = 500 EUR/kWhel = 726.29 AUD/kWhel [21] 

Electricity offers were compared online  and the selected offer is shown in Figure 2.1, which 

consists of a charge of 18.4360 c/kWh (GST inc.) for the first 5475 kWh of use per quarter 

and a charge of 20.1300 c/kWh (GST inc.) for excess consumption, combined with a daily 

supply charge of 96.8000 c/day, a solar electricity buyback rate of 7.5000 c/kWh (GST exc.) 

and conditional discounts for bundling services. A detailed view of these charges taken from 

the Energy Made Easy website is included in Figure 10-10: Single flat rate tariff . Cf. 14 

cEUR/kWhel =20.35 cAUD. 

Ongoing maintenance cost = 10 EUR/kWhel year = 14.53 AUD/ kWhel year [22].  

The DPPs and NPWs shown in Figure 10-8 and Figure 10-9, respectively, are likely to be 

longer and lower, respectively, due to lower electricity prices in Australia than Italy. 
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Figure 10-8: Differntial NPWs of electric and gas heat pumps, for two heat pump capacities, and for three 
different climates, when compared with a conventional system [21] 
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Figure 10-9: DPP of the scenarios in Figure 10-8 when compared with a conventional system (natural gas 
boiler) [21] 

 

Figure 10-10: Single flat rate tariff  

10.9.8 ENERGY MONITORING 

10.9.9 EFFICIENT APPLIANCE REPLACEMENTS AT END OF LIFE 

10.9.9.1 Refrigerators 

Also, make sure that the door seals work well (i.e., no gaps), if not, fix. Behaviour: keep filled 

with food and/or full drink bottles. Food and water has a higher specific heat capacity than 

air, so the fridge does not have to work as hard to keep it cool. Have at least a 5 cm gap 

around the fridge for ventilation. 

10.9.9.2 Induction cooktops 
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Life times for gas-fired and electric cooktops 

10.9.9.3 Pool pumps 

10.9.9.4 Heat Pump Hot water 

10.9.9.5 Air conditioners 

10.9.9.6 Ultra low-flow shower heads 

10.9.9.7 Install aerators 

10.9.9.8 Chimney dampers 

10.9.10 COOL ROOF PAINT 
Cool roof paint can achieve average savings in large commercial buildings of 40-50% [21]. 

Large commercial building typically use HVAC. However, even though cool roof paint may be 

less economically favourable in houses, where HVAC may be used less, it would result in a 

greater probability of improved thermal comfort levels. The paint works by reflecting infrared 

radiation, thus keeping buildings from absorbing heat and keeping them cooler, and provid-

ing many other benefits such as reducing the urban heat island effect [22]. 

10.9.11 FUEL-SWITCHING EFFECTS 
An old gas-boiler has an energy-efficiency of 65% and a new one 93% resulting in a 30 % energy re-

duction and consequently a 30 % CO2-reduction, if installing a wood-chips or pellets boiler the savings 

will be increased efficiency + cheaper fuel resulting in a total saving of 40 – 50 % and a CO2-reduction 

of 100 % (renewable energy), if installing an efficient heat-pump the savings and the reduction will 

both be around 80 % (100 % CO2 reduction if the electricity comes from renewable energy). Note, 

however, that it is better not to switch to a higher efficiency fossil fuel and to make the transition 

straight to renewables (technology leapfrogging). This is particularly important in developing countries 

where there is still many people without electricity, and where consumption is likely to increase, at 

least in the near-term. 

10.9.12 MARGINAL COST OF ELECTRICITY PRODUCTION IN A DECARBON-

IZED ELECTRIC POWER SYSTEM (INCLUDING TRANSMISSION AND DISTRI-

BUTION SYSTEM IMPROVEMENTS) 

10.9.12.1 Green Power switch 

Not sustainable as it comes at a premium. 

10.9.13 FORECASTED REDUCTIONS IN PRICES FOR DIFFERENT ENERGY EFFI-

CIENCY MEASURES AND LOW-CARBON GENERATION TECHNIQUES 
This is a complex area of research—much could be done here but is probably beyond the 

scope of this thesis due to time constraints. 

10.9.14 ELECTRIC VEHICLES 
Can use off-peak energy at night to charge and then discharge during the day during use or 

back to the grid if not being used. Retailers would pay customers for this. There is also a po-

tential for peer-to-peer energy trading here too. 

10.9.15 USE LOW VOC PRODUCTS TO IMPROVE INDOOR AIR QUALITY 
Not really related to energy, but still important from a sustainability perspective, particularly 

for improving health. 

10.9.16 PLANTING NATIVE PLANTS AND OTHER APPROPRI-

ATE LANDSCAPING MEASURES. 

http://en.wikipedia.org/wiki/Native_plant
http://en.wikipedia.org/wiki/Landscaping
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Difficult to quantify benefits in terms of energy use – but they can reduce cooling loads. Easi-

er to quantify benefits in terms of food production, harder again for other environmental im-

pacts (e.g. reduced erosion, improved nutrients, biodiversity, etc.) 

Native plants? May choose other non-native (but controlled to make sure that they do no be-

come invasive) food-bearing plants. 

10.9.17 WHAT DO APPLIANCES COST TO RUN PER YEAR? 
http://www.actsmart.act.gov.au/__data/assets/pdf_file/0006/596049/130451-Energy-Smart-

Booklet-Accessible.pdf 

 

Keep-

ing warm 

10.9.18 BUILDING SHELL, OTHER 



70 
 

The first step in any strategy to use sustainable materials is to reduce the demand for new 
materials. Rather than knocking down and rebuilding a home, it‘s worth trying where possible 
to renovate or at least reuse materials from the existing home. Consider building smaller, 
well-designed houses and minimising wastage by using prefabricated or modular elements, 
for example, and by avoiding unnecessary linings and finishes. During design and construc-
tion, incorporate approaches that will make it easier to adapt, reuse and eventually dismantle 
the building. By choosing durable, low maintenance materials, you can minimise the need for 
new materials and finishes over the building‘s lifetime. 
 

11 POLICY: REGULATION, CONSUMER EN-

GAGEMENT, AND OTHER NON-FINANCIAL 

MEASURES TO ACCELERATE MARKET DEVEL-

OPMENT OF RESIDENTIAL ENERGY EFFICIEN-

CY AND PV 

11.1 TIME OF USE, LOAD PROFILES 
Daily supply charge increases, time of use increase\ 

CSIRO future grid report future changes 

11.2 STRATEGIC PERSPECTIVE: PLANNING, MANAGEMENT AND POLICY 

11.2.1 LINKS 

11.2.1.1 OUR MISSION 

The U.S. Department of Energy's Federal Energy Management Program (FEMP) works with key individuals to accom-

plish energy change within organizations by bringing expertise from all levels of project and policy implementation to 

enable Federal agencies to meet energy-related goals and provide energy leadership to the country. 

 
FEMP trains Federal agency managers about energy requirements through webinars, workshops, and accredit-

ed eTraining courses and First Thursday Seminars. 

http://energy.gov/sites/prod/files/2014/06/f16/change_performance.pdf 

Information and outreach efforts 

Following are success factors and methods with evidence of success for feedback as derived 
from the literature:  
• Provide more frequent (daily, real time) versus less frequent (weekly, monthly) feedback.  

• Make data available in an unobtrusive manner when and where needed.  

• Combine feedback with specific actions to reduce energy consumption (or other sustainabil-
ity outcomes).  

• Provide feedback on how well people are doing, such as progress toward goals and goal 
achievement.  

• Reinforce or reward successful resource-saving behaviors, which can include verbal praise 
or visual methods that translate impacts of behavior into environmental benefits (more trees, 
growing gardens).  

http://apps1.eere.energy.gov/femp/training/
http://apps1.eere.energy.gov/femp/training/etraining.cfm
http://apps1.eere.energy.gov/femp/training/first_thursday_seminars.cfm
http://energy.gov/sites/prod/files/2014/06/f16/change_performance.pdf


71 
 

• Combine feedback with prompts, reminders, or other triggers to help promote and maintain 
desired behaviors.  
Abrahamse, W., L. Steg, C. Vlek, and T. Rottengatter. 2005. A review of intervention studies 

aimed at household energy conservation. Journal of Environmental Psychology 25, 273–291. 

http://www.rug.nl/staff/e.m.steg/abrahamsestegvlekrothengatterreview.pdf 

 

IEA 

Buildings hold great potential for cost‐

effective energy savings. Government s can tap into these  

savings by:  

6. Requiring building energy codes and minimum energy performance requirements  

7. Aiming for net‐zero energy consumption in buildings  

8. Improving energy efficiency in existing buildings  

9. Requiring building energy labels or certificates  

10. Putting  in place policies to  improve energy performance of building  components  and  

systems.  

Appliances  and  equipment represent some  of  the  fastest‐

gy  loads.  To  achieve  

significant energy savings in this sector, governments can put in place:  

11. Mandatory minimum energy performance requirements (MEPs) and labels  

12. Test standards and measurement protocols for appliances and equipment  

13. Market transformation policies for appliances and equipment. 

To achieve energy savings in the lighting sector, governments can:  

14. Phase out inefficient lighting products3    

15. Promote energy‐efficient lighting system design and management. 

Energy providers  

If the right institutional framework and enabling condi-

n  

play an important role in delivering end‐use energy efficiency.   

25. In order to facilitate this role, governments can:  

 that energy efficiency competes directly with supply options  

http://www.rug.nl/staff/e.m.steg/abrahamsestegvlekrothengatterreview.pdf
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 delivery of cost‐effective energy efficiency to end‐use consumers  

 energy consumers to be provided with cost‐reflective pricing  

 energy tariffs as a funding mechanism for energy efficiency. 

IEA 

 

How to manage the complexity of buildings 

Investor not being the occupier of a building 

 

http://www.environment.nsw.gov.au/energyefficiencyindustry/home-retrofits-consultation.htm 

11.3 HOME ENERGY EFFICIENCY RETROFITS: CONSULTATION 
 

http://www.ess.nsw.gov.au/Scheme_Changes/ESS_Rules_2014\ 

http://www.ess.nsw.gov.au/How_the_scheme_works/Overview_of_the_scheme/For_househ

olders 

―The Energy Savings Scheme provides incentives for accredited businesses (known as Ac-

credited Certificate Providers) to assist householders with any one of the following: 

 acquire up-to-date energy efficient appliances; 

 remove inefficient appliances; 

 install more energy efficient lighting; 

 perform an assessment of energy use at your home and install products to improve the overall 

efficiency of your home such as draught proofing, glazing or more efficient lighting and cooling 

equipment.‖ 

http://www.ess.nsw.gov.au/Projects_and_equipment/Residential_programs 

http://www.ess.nsw.gov.au/Methods_for_calculating_energy_savings/Home_Energy_Efficiency_

Retrofits 

 Residential Sector: Designing a prescriptive whole house retrofit program, Michael Wheeler, 

California Public Utilities Commission 

Impacts of multiple systems on one another 

11.4 DEMAND CHARGES VS. TOU PRICING 
Using a demand charge rather than TOU pricing with a Volume Average Weighted Price Cap 

would help, 

http://cpd.org.au/wp-content/uploads/2013/12/Getting-the-facts-right-on-solar.pdf 

http://www.environment.nsw.gov.au/energyefficiencyindustry/home-retrofits-consultation.htm
http://www.ess.nsw.gov.au/Projects_and_equipment/Residential_programs
http://www.cpuc.ca.gov/NR/rdonlyres/B7966556-0F2D-4306-9B08-2D8F891ADFA3/0/ResidentialWholeHouseProgramDesign_0701draft.pdf
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12 BEHAVIOURAL CHANGE 
It is easier to quantify energy savings from changes in technology (innovation) as opposed to 

behavioural changes. However, the potential for energy savings from behavioural changes is 

significant, greater even than innovation. For example, it is possible to change behaviour to 

consume no energy from fossil fuels. However, such a change of behaviour is likely for most 

people today to result in hardship. More specifically, people living in temperate or arctic cli-

mates may suffer from thermal discomfort. If the climate is particularly extreme then fatalities 

could arise, particularly for individualities with weaker physical disposition such as the very 

young and old. So while the potential for energy savings from behavioural changes is large, 

not all of that potential may be realisable due to some energy savings measures (like that 

discussed above) seemingly causing more harm than good. 

http://www.awake.com.au/awake_sustainability_culture_model.pdf 

  

http://www.awake.com.au/awake_sustainability_culture_model.pdf
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13 ECONOMIC ANALYSIS RESULTS 

13.1  NOMINAL (MORTGAGE) INTEREST RATE, INFLATION RATE, REAL INTER-

EST RATE, PRESENT WORTH FACTOR OVER 25, 30 AND 35 YEARS 
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Figure 13-1: Inflation rates [23] [24-27], variable mortgage rates [28] and real interest rates from Q3/2014 
to 2050  
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Figure 13-2: Number of quarters from 2014 to 2039. 2044 and 2049 
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Figure 13-3: Fractions of time from 2014 to 2039. 2044 and 2049 
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Figure 13-4: Weighted average inflation , variable mortgage and real interest rates (WAFR, WAIR, WARIR) 
from Q3/2014 to Q3/2039 in total columns 
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83 
 

Figure 13-5: WAFR, WAIR and WARIR from Q3/2014 to Q3/2044 in total columns 
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Figure 13-6: WAFR, WAIR and WARIR from Q3/2014 to Q3/2049 in total columns, and Present Worth Fac-
tors (PWFs) for each period 

13.2 TYPICAL HOUSEHOLD ENERGY CONSUMPTION 
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Figure 13-7:  Energy consumption [26, 27, 29, 30] 
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Figure 13-8: energy consumption [28, 29] 
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13.3  PV 
Hybrid systems do not yet have a better NPV than grid-connected systems without batteries, 
therefore it is better not to consider these as an option [28].  

 

Figure 13-9: PV assumptions (average household) and financial metrics [26, 31-34] 
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Figure 13-10: Further PV assumptions and financial metrics: average install size, sensitivity analysis of 
commercial system sizes skewing average size [31, 32, 34, 35] 
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Figure 13-11: Further PV assumptions and financial metrics: average install size, sensitivity analysis of 
commercial system sizes skewing average size (ctd.) [31, 32, 36]; export rate selection of 10 c/kWh based 
on best available market rate [32] rather than estimated values [36] 
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Figure 13-12: PV average system size per household, cost and financial metrics [37, 38] 
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Figure 13-13: Financial metrics PV average household: PV deterioration rate [39] 

13.3.1 TIME OF USE 
Investigations can be done with time of use and load scheduling. Some work has already 

been done on PV and time of use and this could be adapted to include load scheduling. The 

results for this work are included in Appendix C: More Analysis of Context 

Opinions on Behavioural Energy Use [2] 

 ―When it comes to electricity we lose this ability to make conscious 

decisions about expenditure before we make the purchase.  Instead 

we‘re flicking switches on and off throughout the day with little under-

standing of how much it‘s costing us. Then, two or three months later, we 

get a bill and we still don‘t really know what might have caused this bill to 

be substantially higher than the last. What‘s more we really can‘t afford to 

not pay the electricity bill – disconnection makes life impossible.‖ 
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―One has to ask, why on earth is there a need to lock customers into two-year con-

tracts when: 

1) the electricity business doesn‘t hand over any expensive equipment for free (for 

example a mobile phone); and 

2) the power company is free at any time to change the most important component of 

the contract – the price.‖ 

―Households are worried about their power bills because they lack understanding and 

control over them and the reality is that, for the most part, they‘re too busy to build 

that understanding.  

―They don‘t want to have to watch their meter every few hours and run around the 

house switching things on and off. What they want is for others to provide the 'set 

and forget' equipment that will bring their bills under control without them having to 

think too hard. 

―And that‘s why solar has been so popular. 

―It‘s also why making energy efficient equipment the affordable default is something 

households support.‖ 

This is all well and good but to make a truly sustainable shift will require a more ac-

tive role in people‘s engagement than the passive attitude described here. 

 



94 
 

 

Figure 15-11: public opinion on energy-wise measures 
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Figure 15-12: public opinion on household cost expenses, electricity no. 1 concern. [2] 
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13.3.2 AUSTRALIAN ENERGY SERVICES MARKET 
Members are listed on Energy Efficiency Council website (http://www.eec.org.au/members). 

Most of these companies are energy utility companies (EUCos) such as AGL and Origin 

and/or focus on EPC in large volume buildings in the commercial, public and retail sectors. 

There are many solar companies and many of these have financing options available. Aus-

tralian ESCOs that service residential buildings are yet to be found.  

The following companies that claim to be involved with energy efficiency in the residential 

sector are: 

o Schneider Electric www.schneider-electric.com.au 

o AGL Smarter Living 

o Origin guide 

o Rexel http://www.rexelha.com.au/ (electrical solutions) 

o Ecovantage  

None of these appear to be ESCos. They may sell EE products or conduct home sustainability assessments or 

audits. 

---- 

Ecovantage is a sustainability services company specialising in energy efficiency solutions for the commercial and 

residential sectors. 

Operating in SA, VIC, NSW, Ecovantage provides high quality environmental solutions to reduce energy use, 

save on operating costs and reduce greenhouse gas emissions.  Services provided include: 

 

Residential 

 Rebate Services 

 Home Sustainability Assessments 

 Energy Efficiency Product Upgrades 

 Ecovantage Energy Saving Webshop 

For more information visit www.ecovantage.com.au or call on 1300 721 335 

None of the above offer comprehensive refurbishment, except perhaps for Ecovantage. 

However there does not appear to be much of a market in NSW. 

---- 

Home sustainability assessment 

http://www.livinggreener.gov.au/water/water-in-the-home-and-garden/water-efficiency-

home/get-home-assessment#get_started 

Free assessments no longer available 

----- 

13.3.2.1 Big Switch Projects 

Big Switch Projects is a company based in Sydney that is very much involved with energy 

services for homes, however marketing is towards homes with large bills, where the energy 

efficiency saving potential is greater. They have an audit with recommendations to follow up 

on. They have support from the City of Sydney. It costs $495 for a home energy audit. For 
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people who are not energy guzzlers, it is likely to not be very feasible for Big Switch Projects 

to work with them. They also appear to do energy contracting 

(http://www.bigswitchprojects.com.au/project-management/) and IHDs 

(http://www.bigswitchprojects.com.au/our-green-home/). 

Therefore it seems like in-house implementation may be the only other option at present. In-

house implementation requires time and motivation. 

13.3.3 INVESTING IN SAVINGS: FINANCE AND COOPERATIVE AP-

PROACHES TO ELECTRICITY DEMAND MANAGEMENT 
http://www.cleanenergyfinancecorp.com.au/media/60988/230711-cefc-finance-cooperative-

demand-management-study.pdf 

Not very relevant to thesis aims. 

 

 

13.3.4 BARRIERS TO PUBLIC SECTOR DEVELOPMENT 
http://www.worldenergy.org/documents/esco_synthesis.pdf 

Barriers to public sector development 

 Lack of awareness from decision makers, whose priorities are often aimed at more 

popular issues e.g. education, healthcare, infrastructure or unemployment. 

 Long-term vision hampered by election cycle and term/period of office thinking 

 Fear/risk-averseness to outsourcing – loss of jobs and control 

 

Barriers to and solutions for ESCo development 
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List of abbreviations: countr- countries, DE- Germany, CN- China, HU- Hungary, IN- 
India, 
ind- industrial , IT- Italy, PL- Poland, res- residential, SE- Sweden, SME- small and 
medium 
enterprise, TE- countries in transition 

Source: Vine 2005, Painuly et al. 2003, all country reports 

Pp 18-20 March 2007, ESCo Synthesis, An Assessment of on Energy Service 

Companies (ESCOs) Worldwide 

Ürge-Vorsatz, Diana; Sonja Köppel; Chunyu Liang; Benigna Kiss; Gireesh Goopalan 
Nair; Gamze Celikyilmaz; 

Central European University 

Giles Parkinson, editor of Renew Economy 

―There are some [IEC ESCos] emerging. But it is difficult because of the way the Australian market is 

structured and the dominance of the major players. The big problem is hedging price risk - and smaller 

players are vulnerable to getting screwed by the big guys. market dominance!‖ 

Appendix D: PV and Time of Use. 

13.4  LIGHTING 
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Table 13-1: Data for lighting use 
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Figure 13-14: NSW Govt. Home Power Savings Program data [33] used to find weighted averages for im-
plementation of lighting replacements for an average household  
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Figure 13-15: LED lighting replacements, financial metrics and weightings 
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Replacement 

Capital 
cost 
(AUD 
26-06-
2014) 

Energy 
use 
(W) 
[14] 

Usage 
hours 
per day 

Lifetime 
('000 h) 

LED downlight [2] 0.875 9 
 

30[12]-50 

LED tube T8 [1] 12.66 8 2 50 

LED bulb [3, 4] 2.29 3 3 50 

Fluorescent tube 
T8 [5] 8.26 36 2 

10-30 [15, 
16] 

CFL bulb [6] 3.30 15 3 15 

Incandescent [8, 9] 4.49 60 2 1 

Halogen downlight 
[10] 2 50 2 2 [11] 

Table 13-2: Discounted payback periods (years) for lighting replacements 

 
Discounted payback period (years) 

Replacement 

LED 

down-

light 

LE

D 

tub

e 

T8 

LE

D 

bulb 

Fluores-

cent tube 

T8 

CFL 

bulb 

Incandes-

cent 

Halogen 

down-

light 

LED downlight [2] 
0 N/A N/A N/A N/A N/A 0.02 

LED tube T8 [1] 
 0 N/A 0.38 N/A N/A N/A 

LED bulb [3, 4] 
  0 N/A 

0.1

9 0.01 N/A 

Fluorescent tube T8 
[5] 

   0 N/A N/A N/A 

CFL bulb [6] 
    0 0.01 N/A 

Incandescent [8, 9] 
     0 N/A 

Halogen downlight 
[10] 

      0 
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Table 13-3: Net Present Values (NPVs) of replacing lights 

 
NPV 

Replacement 

LED 

down-

light 

LE

D 

tub

e 

T8 

LE

D 

bul

b 

Fluores-

cent tube 

T8 

CFL 

bulb 

Incandes-

cent 

Halogen 

down-

light 

LED downlight [2] 
N/A N/A N/A N/A N/A N/A 343.64 

LED tube T8 [1] 
 N/A N/A 22.42 N/A N/A N/A 

LED bulb [3, 4] 
  N/A N/A 

71.8

0 1435.96 N/A 

Fluorescent tube T8 
[5] 

   N/A N/A N/A N/A 

CFL bulb [6] 
    N/A 1429.10 N/A 

Incandescent [8, 9] 
     N/A N/A 

Halogen downlight 
[10] 

      N/A 

13.5 SUMMARY OF LIGHTING, PV AND BAU 
Table 13-4: Capital and operational net present values (NPVs) and costs of energy (COCE), and energy 
production (COEP) over 30 years for lighting, PV and business-as-usual (BAU) 

 

As expected, the capital and operational cost of electricity over 30 years will decrease and 

the net present value over 30 years will increase with implementation of PV and lighting. PV 

will make a much more significant difference to the levelised cost of electricity due to it pro-

ducing more energy than lighting saves, however the capital cost of PV is also much greater 

compared to lighting, and the payback period is longer. Implementing PV and LED lighting 

replacements brings the capital and operational cost of energy over 30 years close to 0. A 

few more measures are needed to achieve this. 
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13.6 SHADING 
Table 13-5, Table 13-6, Table 13-7 and Table 13-8 provide financial return metrics for four 

different shading device typologies implemented in 4 building typologies (shopping mall, high 

rise residence, high-rise office and a hotel) over 5 typical climate zones in China. The results 

have been translated into today‘s Australian dollars. While there is no investigation for hous-

es, the results may be similar to high-rise residence. Expected differences would be derived 

from large buildings have a lower exposed surface area to the exterior, so are generally bet-

ter at containing heat and coolth. Consequently, financial metrics may be less favourable for 

a small building such as a house than the large building typologies investigated in the study. 

For a high-rise residential building, most of the measures are not (yet) economical (shown in 

red), while only 2 are economical over 25 years and 3 are economical over 30+ years. The 

former two are fixed shading in Shanghai (hot summer cold winter climate, subtropi-

cal/temperate) and Guangzhou (hot summer warm winter, tropical) while the one that is eco-

nomical over 30 years is fixed shading in Beijing (hot summer cold winter, subtropi-

cal/temperate). Thus, fixed shading is economical for high-rise residential building in warm 

climates, but probably not yet economical in severely cold climates and mild climates. Fixed  
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Table 13-5: shading financial metrics 
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Table 13-6: shading financial metrics 
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Table 13-7: shading financial metrics 
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Table 13-8: shading financial metrics 
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13.7 HEATING AND COOLING REDUCTION MEASURES 
An economic analysis on retrofits for heating and cooling savings in the US is shown in Table 

13-9, and an adapted analysis for Australia in Q3 of 2014 is shown in   
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Table 13-11: heating and cooling financial metrics 

 

. Most of the states in the US study had a high number of heating degree days (HDD), with a 

base temperature of 18°C, compared to Austalian cities. The HDD range in the US was 

2200-10600 while in Australia the range is from 0-2500 (Figure 13-16, Table 13-10). It is not 
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clear why there is such a discrepancy between the two ranges, as both use a base tempera-

ture of 18°C. Now, the US is approximately between latitudes 25° N to 50° N (not including 

Alaska and Hawaii) while Australia is between 10 degrees 41 minutes (10°41´) south (Cape 

York, Queensland) and 43°38´ south (South East Cape, Tasmania) [40].In light of this, there 

is a large overlap between the two latitude ranges (25 to 43.5 degrees from the equator) so it 

is unusual for there to be such a large discrepancy between the two HDD ranges. Neverthe-

less, the actual financial data for retrofits in Australia may differ significantly to what has been 

derived in   
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Table 13-11: heating and cooling financial metrics 

 

. Note that the US study also used a lot of volunteer labour, which means that the financial 

metrics for a retrofit done through a business are likely to be less favourable.
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Table 13-9: Average savings and economics of individual retrofits, adapted from studies in the US, for heat-
ing and cooling reductions [41] 
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Figure 13-16: Annual heating degree days in Australia (18°C base temp.) [42] 

Table 13-10: Annual heating degree days in Australian State and Territory Capital cities (18°C base temp.), 
adapted from Figure 13-16 

  
SYD-
NEY 

MEL-
BOURNE 

BRIS-
BANE 

ADE-
LAIDE 

PERT
H 

CAN-
BERRA 

HO-
BART 

DAR-
WIN 

City 
(HDD) 1000 1750 500 1250 800 1600 2200 25 
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Table 13-11: heating and cooling financial metrics 
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Table 13-12: H&C FMs 
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13.8 WINDOW MEASURES 
Secondary window glazing can have a capital and operational cost of energy over 30 years 

(COCE) of about negative 8.7 c/kWh (Figure 13-17). Note that this figure is based on estimates 

of annual savings in the UK of 75 GBP (now about 136.50 AUD) and a capital cost of $198. The 

annual savings estimate may not be very accurate for Australia due to the different nature of the 

climate (the climate in Hobart or Melbourne would be most similar to the climate in the UK). 
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Figure 13-17: secondary glazing and window film financial metrics 
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13.9 SUMMARY/DISCUSSION 
The modelling shows that for an average Australian home the levelised cost of energy can be 

brought to zero by implementing PV, LED lighting replacements and a balance of other 

measures that are the best economically. There is even a potential to make the levelised cost of 

energy negative, however this may not work if everyone tried to do this, so may not be very sus-

tainable.  It may be better environmentally in the short-term and better economically for some, 

but it can make it harder economically for others as electricity prices may increase (the death 

spiral). However, this may be a blessing in disguise as the higher electricity prices would further 

incentivise existing electricity consumers to further implement energy wise measures. 

Investigating the effect of more people having a negative levelised cost of electricity (i.e. gener-

ating an income from electricity) is something that could be done further.  
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14 RECOMMENDATIONS AND CONCLUSIONS 
Overall, there is a large potential for energy wise measures in houses. On-bill financing (OBF) 

and Property Assessed Clean Energy (PACE) are the most promising business models. Others 

can be used, such as ESCos, ESAs, owner-driven investment where rents are increased, policy 

driven investment through initiatives like a feed-in tariff for energy savings measures in buildings 

and performance certification. However, there are significantly more barriers to these other 

models, such as information asymmetry, the aggregated nature of the housing sector, the low 

level of effective demand, and split incentives between tenants and owner. There are still barri-

ers to OBF and PACE, but it is relatively easy to overcome these barriers through policy chang-

es. 

Policies that could stimulate OBF include governments extending the EUA scheme to residential 

buildings; requiring retailers to invest a certain amount of annual revenue (as a percentage or 

amount) on energy-wise measures for customers. However, the latter policy for retailers is likely 

to be met with ambivalence. Using capacity or locational pricing is also not feasible in the near-

term due to the limited development of smart meters in the market to date. Until development is 

at a wider level, a transitionary measure would be to adjust the variable and fixed components 

of electricity tariffs to more accurately reflect the long-run marginal cost (LRMC) of providing 

electricity. In multi-unit residential buildings where strata schemes apply, EUA would need to be 

done through the owners‘ corporation of the building. 

For PACE, property tax laws could be amended to make PACE suitable. The energy savings 

and money for PV electricity export could be treated as an income and so GST could apply. An-

other option is to mandate mortgage lenders to allow energy wise retrofits to be included in the 

mortgage and repaid over a longer term and/or a higher interest rate. However, there needs to 

be stakeholder engagement with mortgage lenders before such a mandate would be made. A 

barrier that could arise here is that mortgage lenders may find the level of risk with energy wise 

retrofits to be unacceptable. Therefore, to overcome this potential barrier, it would be important 

to standardise measurement and verification procedures according to the Internation Perfor-

mance Measurement and Verification Protocol (IPMVP); and to securitize lending, e.g. through 

government bonds, collateral 

For energy wise measures to accelerate in development, the above policy changes should be 

considered, discussed with stakeholders and go-no go analyses should be undertaken and pub-

lished publically. 

14.1 FURTHER INVESTIGATION 
Further investigation could be done with sensitivity analyses. Key sensitivity factors could in-

clude energy consumption and behaviour, the effect of changes in electricity pricing structure 

(e.g. changing the variable and fixed components of electricity tariffs in the near-term to more 

accurately reflect the long-run marginal cost, and changing to locational and capacity tariffs with 

the more widespread rollout of smart meters, coupled with spot-tied electricity pricing); peer-to-

peer energy trading;, changes in electricity mix GHGE intensity and relations to an emissions 

trading scheme; internalising externalities associated with energy use (e.g. GHGEs with climate 

change, particulates with health impacts—particularly respiratory ones); the use of electric vehi-
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cles and their effect of charging and discharging and load scheduling, load scheduling of other 

appliances, changes in building type such as houses, multi-unit dwellings, small commercial 

buildings, large buildings (commercial, industrial and public); changes in occupancy and owner-

ship e.g. tenants, owner-occupiers and landlords, climate; location (e.g. relative to the grid) and 

so on. Studies involving life cycle assessments, social-LCAs and life cycle costing is needed, 

and could be used for internalizing social and environmental externalities and analysing sensi-

tivity factors. 

Further economic analysis could specifically be done in areas such as load scheduling; smart 

meter use; use of monitoring, feedback and control mechanisms; electric vehicles (also hybrid 

and hydrogen vehicles); heat pumps (including hot water ones); further window treatments 

(films, heat mirrors, secondary glazing, glazing and curtains); draft proofing; solar hot water; ef-

ficiency appliance replacements; cool roof paint; and other measures that are not just related to 

energy use, but to wider sustainability indicators. 

For energy supply, the size of the PV system is a key sensitivity factor, which should be sized 

according to energy consumption requirements. Additional factors relating to energy consump-

tion sensitivities include affluence, awareness and concern about sustainability, climate change 

and related environmental issues and desire for comfort. 

This thesis focuses on an analysis of single-unit dwellings, however, consideration should be 

given to other building typologies, such as multi-unit residential, commercial, institutional, indus-

trial (light and heavy), data centres and others, plus how all these sectors relate to each other. 

Lessons learnt in one sector could be applied to other. As many economical measures as pos-

sible should be implemented, and policy measures can help drive implementation of these 

measures plus measures that are not (yet) economical. 

14.1.1 Further potential resources 
14.1.1.1 Ausgrid database [43] 

useful for further sensitivity analyses. 

14.1.1.2 Hugh Sadler Australia Institute Papers on trends in energy con-

sumption (Decreasing) 

These studies seem to focus on the background for energy efficiency and renewable energy, 

analysing why energy consumption is decreasing in Australia Investigate and interpret if there is 

time, but not a high priority vis-à-vis the key aims of the thesis to develop a business case and 

measures (which are likely to be non-financial) for overcoming the relatively low level of effec-

tive demand with single dwellings. The paper would be useful sensitivity analysis in terms of 

projecting the effect of changes in electricity consumption on price and vice versa. 

14.1.1.3 Australian Institute of Quantity Surveyors Building Cost Index 

May be useful for investigating the cost of renovating buildings. 

For more potential resources, see Appendix E. 

14.1.1.4 pitt&sherry work [44, 45] 
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pitt&sherry was commissioned by the Department of Climate Change and Energy Efficiency to 

undertake a quantitative assessment of the energy and greenhouse gas savings, and the 
financial costs and benefits resulting from over one hundred elements of the National 
Strategy on Energy Efficiency. 

For a number of individual measures, the work involved integrating data on stock, per-
formance of different stock types and penetration rates of upgraded stock to estimate 
emission savings. 

More reports from Pitt& Sherry, but they do not appear to be available for viewing on their web-

site. 
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15 APPENDICES 

15.1  APPENDIX A: ENERGY CONTRACTING 
15.1.1.1 IEA DSM Task 16: Competitive energy services 

The IEA Demand Side Management Programme has done some study into ESCos. They have 

completed Task 10 - Performance Contracting and are currently undertaking Task 16 - Competitive En-

ergy Services (Energy Contracting, ESCo Services). However, Australia has not participated in this study. 

IEA DSM 

Task 16 flyer 

http://www.ieadsm.org/Files/Exco%20File%20Library/Workshop%20Espoo%20-

%20November%202012/11.Espoo_121114_Bleyl-

IEADSM_ESCo%20market%20development%20%28read%20only%29.pdf 

http://www.ieadsm.org/ViewTask.aspx?ID=16&Task=16&Sort=0 

http://www.ieadsm.org/Tasks.aspx?ID=17&Sort=1 

Task 10 http://www.ieadsm.org/ViewTask.aspx?ID=17&Task=10&Sort=1 and flyer  

http://www.ieadsm.org/ViewTask.aspx?ID=16&Task=20&Sort=0 

 

Business model types are shown in Figure 15-1 and are: 

 Energy Performance Contracting (EPC) 

 Energy Supply Contracting (ESC) 

o Solar Supply-Contracting sub-type 

 Integrated Energy Contracting (IEC) 

ESC is focused on useful energy delivered (e.g. heat, steam and electricity), preferably re-

newable energy. Financial contracts are based on energy output rather than fuel. ESC is a 

good business model for renewable energy, cogeneration, trigeneration or heat recovery but 

is limited to supply side efficiency. 

EPC focuses on saving energy. Standard EPC measures are building technologies such as 

heating, ventilation and air-conditioning (HVAC), lighting or controls. There is a larger market 

for ESC compared to EPC. End-use markets for ESC are typically public institutions, or resi-

dential, commercial or industrial sectors. EPC may also have the same end-use markets, 

however there is a much greater potential particularly in the residential market. In the past, 

ESCos have tended to prefer working with larger consumers in the commercial and industri-

al sectors. EPC has a higher transaction, measurement and verification cost.  

http://www.ieadsm.org/ViewTask.aspx?ID=17&Task=10&Sort=1
http://www.ieadsm.org/ViewTask.aspx?ID=16&Task=16&Sort=0
http://www.ieadsm.org/ViewTask.aspx?ID=16&Task=16&Sort=0
http://www.ieadsm.org/Files/Exco%20File%20Library/Workshop%20Espoo%20-%20November%202012/11.Espoo_121114_Bleyl-IEADSM_ESCo%20market%20development%20%28read%20only%29.pdf
http://www.ieadsm.org/Files/Exco%20File%20Library/Workshop%20Espoo%20-%20November%202012/11.Espoo_121114_Bleyl-IEADSM_ESCo%20market%20development%20%28read%20only%29.pdf
http://www.ieadsm.org/Files/Exco%20File%20Library/Workshop%20Espoo%20-%20November%202012/11.Espoo_121114_Bleyl-IEADSM_ESCo%20market%20development%20%28read%20only%29.pdf
http://www.ieadsm.org/ViewTask.aspx?ID=16&Task=16&Sort=0
http://www.ieadsm.org/Tasks.aspx?ID=17&Sort=1
http://www.ieadsm.org/ViewTask.aspx?ID=17&Task=10&Sort=1
http://www.ieadsm.org/ViewTask.aspx?ID=16&Task=20&Sort=0
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IEC is a business model that combines energy savings and (renewable) supply. IEC ex-

pands the scope of ESC to savings in the complete building, e.g. through HVAC, lighting, 

electrical applications, control systems and the building shell. IEC potentially offers the ad-

vantage of reducing the transaction, monitoring and verification cost and uses savings cal-

culations and quality assurance. 

Comprehensive refurbishment can be considered an extension to IEC , which would consist 

of a deep retrofit of buildings through building construction measures such as refurbishment 

of facades, windows, passive shading, insulation and changing the building envelope. 

 

Figure 15-1: Two basic ESCo Business Models 

Figure 15-3: EPC has a fairly linear trend in cost and CO2 savings, with some outliers. ESC has 

many unknown cost savings, indicating a lack of data. Not much data for IEC, although it ap-

pears that cost savings decrease as CO2 savings decrease (inversely linearly proportional). 
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Figure 15-2: ESC vs. EPC: Typical Market Properties (Bleyl 2009) 
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Figure 15-3: CO2 and energy cost savings in 55 ESCo projects (Germany) 

15.1.1.2 Comprehensive refurbishment studies 
[Bleyl+Schinnerl 2008] Bleyl, Jan W.; Schinnerl, Daniel ―Energy Contracting‖ to Achieve Energy Efficiency 
and 
Renewables using Comprehensive Refurbishment of Buildings as an example in: Urban 
Energy Transition edited by Peter Droege, Elsevier 2008 
[Bleyl+Schinnerl 2008a] Bleyl, Jan W.; Schinnerl, Daniel in IEA DSM Task XVI ―Opportunity Cost Tool, 
Comparison and Evaluation of Financing Options for Energy Contracting Projects. A 

Manual for ESCo, ESCo customers and ESCo project developers, download available from 

www.ieadsm.org 

 
[GEA 2009] Grazer Energieagentur GmbH, www.grazer-ea.at 2009 

15.1.1.3 ESCo Financing 

http://iet.jrc.ec.europa.eu/energyefficiency/european-energy-service-companies/financing-

options 

15.1.1.4 EC vs. in-house implementation 
For further remarks on chances and limitations of EC models in comparison to in-house implementation 
please refer to [Eikmeier et al. 2009, p. 30f. and 93f.] [Eikmeier et al. 2009] Eikmeier, B., Seefeldt, F., 
Bleyl, J. W.; Arzt, C.: Contracting im Mietwohnungsbau, 
Abschlußbericht, Bonn April 2009 

http://iet.jrc.ec.europa.eu/energyefficiency/european-energy-service-companies/financing-options
http://iet.jrc.ec.europa.eu/energyefficiency/european-energy-service-companies/financing-options
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15.1.1.5 International Performance Measurement and Verification Protocol 

(IPMVP) 
[IPMVP_2009]: Some more advice and guidance on M&V can be obtained from 

http://www.evoworld.org/index.php 

http://en.wikipedia.org/wiki/International_performance_measurement_and_verification_protocol 

15.1.1.6 More details on IEC good practice examples can be accessed 

through [IEA DSM 2009] 

15.1.1.7 ESCo Market development: A Role For Facilitators to Play, Task 

16 paper on Facilitators 

―ESCo models offer integrated solutions for a project life cycle (planning, construction and oper-

ation & maintenance). 

 

―ESCo is an interdisciplinary approach (technical, economical, financial, organizational and legal 

aspects) to achieve guaranteed performance and results of the efficiency technology deployed. 

―This integrated and multidimensional approach opens up solutions, which are not achievable 

through a standard, disintegrated implementation process (e.g. life cycle cost optimization 

across investment and operation budgets, integrated planning or performance guarantees over 

the complete project cycle …) 

http://www.evoworld.org/index.php
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―ESCo projects can overcome obstacles such as financing bottlenecks, lack of know-how, per-

sonal or motivation and technical or economic risks. 

―However, EC is just a delivery mechanism. ESCos cannot substitute the client‘s decision to en-

gage in EE! How to find the right mixture of ‗forcing‘, ‗enabling‘ and ‗supporting‘ (stick and car-

rot) clients? 

―Successful market development - in particular for EPC -was demand side driven, meaning 

(pot.) ESCo customers defined their needs and goals for energy service packages and put out 

request for proposals on the market. Studies or International Governmental Agreements (IGAs) 

are not sufficient to create projects 

―To foster market development, the role of independent market and project facilitators as media-

tors between ESCos and their (potential) clients has proved to be of great value. This facilitator 

role requires more active players and deserves better support and financing!‖ 

How to enable facilitators? 

Modular ESCo packages 

 

15.1.1.8 Task 24: change of routines in clients organizations 
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15.1.1.9 Retail market design & the role of Energy Service Companies in 

Australia 

http://www.ceem.unsw.edu.au/sites/default/files/uploads/publications/200608ACEEE_06_EIRes

_EffSustain.pdf 

Active engagement of end-users in decision-making and deployment of distribute resource op-

tions is the key to further progress. This could be achieved by:  

• Extending the proven NEM wholesale spot and derivative market design to the retail level, 

supported by the roll-out of interval metering and associated communications and control tech-

nologies,  

• Significantly expanding the role of ESCOs to support end-user decision-making, possibly on a 

franchise basis for small end-users, particularly low-income and rural households • Implement-

ing effective, market-compatible social and environmental policies and providing support for so-

cially beneficial innovation by distributed resource providers. 

AEPCA argues that five policy elements will be required for ESCOs to achieve their potential – 

broad-based market signals for energy efficiency investment, making energy markets work on 

the demand-side, minimum performance regulations (plus tools and best practice) for the built 

environment, driving greater energy efficiency in manufacturing and developing the emerging 

energy services industry (AEPCA, 2005). As part of this latter point, AEPCA has established an 

accreditation process for ESCOs that includes technical skills as well as the financial stability 

required to support EPCs.  

15.1.1.10 Energy Efficiency Council (EEC) guidance paper [46] 

 ‗Guidance paper, which draws on the EEC‘s significant knowledge and expertise in this field, 

establishes a clear rationale for using integrated energy efficiency services, including energy 

performance contracting, in state and territory governments‘ plans to improve the energy effi-

ciency of their properties.‘  

‖Examines the experiences of various governments that have successfully used integrated en-

ergy efficiency services and applies that knowledge to the development of a simple and practi-

cal protocol to assist with the cost effective upgrade of government portfolios‖ 

Governments that have been successful at improving their energy efficiency have programs that 

share a number of features. These include:  

 A systematic government-wide protocol for improving energy efficiency using integrated 

energy services  

 A lead agency to support and coordinate energy efficiency upgrades  

 A source of capital for agencies to fund energy efficiency upgrades  

 Mandates on agencies to upgrade the efficiency of their buildings  

These features are policy measures focusing on improving energy efficiency upgrades across 

the board, and do not focus on any specific barrier to development. 

http://www.ceem.unsw.edu.au/sites/default/files/uploads/publications/200608ACEEE_06_EIRes_EffSustain.pdf
http://www.ceem.unsw.edu.au/sites/default/files/uploads/publications/200608ACEEE_06_EIRes_EffSustain.pdf
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15.1.1.11 National Accreditation Scheme for ESCos in Australia, by EEC 

Only for commercial buildings at present, only forty assessment places available in round one. 

15.1.1.12 Different National implementation options 

Government-led: requires political will, which is generally slow-moving and requires the majority 

of public support (and even then a scheme may still not gain traction). 

International agreement: probably has the highest potential to be of overall regenerative benefit 

to society. 

Federal level: probably has the highest potential to be of overall regenerative benefit to society. 

Coordination of state and territory governments: less economically efficient, but may be able to 

implement changes more quickly in the short-term 

Local government: less economically efficient, but may be able to implement changes more 

quickly in the short-term 

Industry-led: again less economically efficient but more able to implement changes more quickly 

in the short-term. Being a commercial mechanism, all parties involved would voluntarily enter 

into this agreement. However, there are people who may not act under this scheme out of igno-

rance. 

In-house implementation: many people are inexperienced and ignorant and may not be do any-

thing or do enough.  

In terms of the push-enable-pull approach, ESCos pull, facilitators enable and governments may 

push, enable and pull. 

15.1.1.13 Gaps in Research 

Practical experiences in Comprehensive energy retrofits 

 

15.2  APPENDIX B: ROCKEFELLER REPORT OUTLINE 
Influential document for thesis thinking: looks at the context of the residential building energy 
efficiency sector, business models and policy measures to accelerate market development. 
Single dwelling buildings represent the ‗large proportion (88%) of building stock in the US and 
consumes 80% of the total energy.‘ ‗Buildings consume approximately 40% of the world‘s pri-
mary energy and are responsible for 40% of global carbon emissions.‘ A similar situation proba-
bly exists in Australia. Therefore, it is important to retrofit these existing buildings. However, the-
se buildings are also the most neglected in terms of energy retrofits due to the ‗extreme frag-
mentation within this market, which results in fragmented demand that is difficult to aggregate.‘ 
The second barrier to market development within this sector is ‗the relatively low level of effec-
tive demand, which is only likely to be addressed through strong regulatory requirements, retail consumer 

engagement strategies and/or other significant nonfinancial interventions.‘ (in other words enabling policies). 
The economic benefits of being energy-wise: 
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Figure 15-4: the context for energy efficiency retrofits in the US [46] 

 
Two main categories of enabling policies are [47] p 11: 

 Mandated efficiency targets and other measures to transform the whole industry 

 Measures targeted towards enabling specific operational and financial models (on-bill recovery, energy ser-
vice agreements, PACE modelling, ESCos). 

 
The best examples of policy interventions so far have been at the local and state level. Policy interventions can be 
broadly categorized into those that help to generate demand for energy efficiency measures and those that help to 
finance them. Examples of the former include mandatory energy disclosure, green-star performance, NABERs, 
benchmarking laws; while examples of the latter include public-private mechanisms such as tenders and partnerships 
which form from the tenders. Tenders are a good way to encourage competition and thus increase productivity. Other 
measures that enable overall market development include: 

1. Mandates (targets) that set comprehensive energy efficiency standards. 

 

While this thesis focuses on the housing sector, Figure 15-5: Payback times for some commercial retro-
fits. Shows that there are many measures with a payback of under 5 years. 
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Figure 15-5: Payback times for some commercial retrofits. 

Four different financing models were studied: Energy Service Agreements (ESAs), Property As-

sessed Clean Energy (PACE), On-Bill-Finance and Energy Service Companies (ESCOs). They 

found that:  

the Energy Service Agreement structure offers significant near term potential to 

scale quickly and meet the needs of both real estate owners and capital provid-

ers in the commercial and institutional market, without the requirement for ex-

ternal enablers such as regulation or subsidy. 

As shown below, the key differences between ESAs and the other financing structures 

that gives it near term potential without requiring external enabling support is that there is 

no incremental cost to the borrower and that the investor is the recipient of the energy 

savings, rather than the owner or tenant. 

Financing models for implementing energy-wise measures in buildings: 
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Figure 15-6: summary of emerging financing models [2] 
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Figure 15-7: summary of other financing models [2] 
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Figure 15-8: emerging financing models details 
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Figure 15-9:  US market context for energy efficiency retrofit business models (SWOT analysis) [2] 
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Figure 15-10: Energy Services Agreement: money flows, services/agreements and securities/remedies 

―Note that the terms ESA, MESA, Energy Efficiency PPA and others are often used inter-

changeably. Many individual project integrators are focused on branding their own deal nomen-

clature at this point, but we use ESA, Energy Services Agreement, as the highest level / generic 

framework for discussion of the category of financing structure. The core concept in all is the 

delivery of Energy Services, with Asset Investment by third parties, securitized by energy ser-

vices agreements with the building owner.‖ [2] 

Operating lease agreements should not remain off balance sheet. Cleantech Group: “Emerg-

ing models seek to ensure non-lease treatment to remain off-balance sheet”  
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15.3 APPENDIX C: MORE ANALYSIS OF CONTEXT 

15.3.1 OPINIONS ON BEHAVIOURAL ENERGY USE [2] 

 ―When it comes to electricity we lose this ability to make conscious deci-

sions about expenditure before we make the purchase.  Instead we‘re flick-

ing switches on and off throughout the day with little understanding of how 

much it‘s costing us. Then, two or three months later, we get a bill and we 

still don‘t really know what might have caused this bill to be substantially 

higher than the last. What‘s more we really can‘t afford to not pay the elec-

tricity bill – disconnection makes life impossible.‖ 

―One has to ask, why on earth is there a need to lock customers into two-year contracts 

when: 

1) the electricity business doesn‘t hand over any expensive equipment for free (for ex-

ample a mobile phone); and 

2) the power company is free at any time to change the most important component of 

the contract – the price.‖ 

―Households are worried about their power bills because they lack understanding and 

control over them and the reality is that, for the most part, they‘re too busy to build that 

understanding.  

―They don‘t want to have to watch their meter every few hours and run around the 

house switching things on and off. What they want is for others to provide the 'set and 

forget' equipment that will bring their bills under control without them having to think too 

hard. 

―And that‘s why solar has been so popular. 

―It‘s also why making energy efficient equipment the affordable default is something 

households support.‖ 

This is all well and good but to make a truly sustainable shift will require a more active 

role in people‘s engagement than the passive attitude described here. 
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Figure 15-11: public opinion on energy-wise measures 
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Figure 15-12: public opinion on household cost expenses, electricity no. 1 concern. [2] 
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15.3.2 AUSTRALIAN ENERGY SERVICES MARKET 
Members are listed on Energy Efficiency Council website (http://www.eec.org.au/members). 

Most of these companies are energy utility companies (EUCos) such as AGL and Origin and/or 

focus on EPC in large volume buildings in the commercial, public and retail sectors. There are 

many solar companies and many of these have financing options available. Australian ESCOs 

that service residential buildings are yet to be found.  

The following companies that claim to be involved with energy efficiency in the residential sector 

are: 

o Schneider Electric www.schneider-electric.com.au 

o AGL Smarter Living 

o Origin guide 

o Rexel http://www.rexelha.com.au/ (electrical solutions) 

o Ecovantage  

None of these appear to be ESCos. They may sell EE products or conduct home sustainability assessments or au-

dits. 

---- 

Ecovantage is a sustainability services company specialising in energy efficiency solutions for the commercial and 

residential sectors. 

Operating in SA, VIC, NSW, Ecovantage provides high quality environmental solutions to reduce energy use, save on 

operating costs and reduce greenhouse gas emissions.  Services provided include: 

 

Residential 

 Rebate Services 

 Home Sustainability Assessments 

 Energy Efficiency Product Upgrades 

 Ecovantage Energy Saving Webshop 

For more information visit www.ecovantage.com.au or call on 1300 721 335 

None of the above offer comprehensive refurbishment, except perhaps for Ecovantage. Howev-

er there does not appear to be much of a market in NSW. 

---- 

Home sustainability assessment 

http://www.livinggreener.gov.au/water/water-in-the-home-and-garden/water-efficiency-

home/get-home-assessment#get_started 

Free assessments no longer available 

----- 

15.3.2.1 Big Switch Projects 

http://www.eec.org.au/members
http://www.schneider-electric.com.au/
http://www.rexelha.com.au/
http://www.ecovantage.com.au/
http://www.livinggreener.gov.au/water/water-in-the-home-and-garden/water-efficiency-home/get-home-assessment#get_started
http://www.livinggreener.gov.au/water/water-in-the-home-and-garden/water-efficiency-home/get-home-assessment#get_started
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Big Switch Projects is a company based in Sydney that is very much involved with energy ser-

vices for homes, however marketing is towards homes with large bills, where the energy effi-

ciency saving potential is greater. They have an audit with recommendations to follow up on. 

They have support from the City of Sydney. It costs $495 for a home energy audit. For people 

who are not energy guzzlers, it is likely to not be very feasible for Big Switch Projects to work 

with them. They also appear to do energy contracting 

(http://www.bigswitchprojects.com.au/project-management/) and IHDs 

(http://www.bigswitchprojects.com.au/our-green-home/). 

Therefore it seems like in-house implementation may be the only other option at present. In-

house implementation requires time and motivation. 

15.3.3 INVESTING IN SAVINGS: FINANCE AND COOPERATIVE AP-

PROACHES TO ELECTRICITY DEMAND MANAGEMENT 
http://www.cleanenergyfinancecorp.com.au/media/60988/230711-cefc-finance-cooperative-

demand-management-study.pdf 

Not very relevant to thesis aims. 

 

 

15.3.4 BARRIERS TO PUBLIC SECTOR DEVELOPMENT 
http://www.worldenergy.org/documents/esco_synthesis.pdf 

Barriers to public sector development 

 Lack of awareness from decision makers, whose priorities are often aimed at more 

popular issues e.g. education, healthcare, infrastructure or unemployment. 

 Long-term vision hampered by election cycle and term/period of office thinking 

 Fear/risk-averseness to outsourcing – loss of jobs and control 

 

Barriers to and solutions for ESCo development 

http://www.bigswitchprojects.com.au/project-management/
http://www.cleanenergyfinancecorp.com.au/media/60988/230711-cefc-finance-cooperative-demand-management-study.pdf
http://www.cleanenergyfinancecorp.com.au/media/60988/230711-cefc-finance-cooperative-demand-management-study.pdf
http://www.worldenergy.org/documents/esco_synthesis.pdf
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List of abbreviations: countr- countries, DE- Germany, CN- China, HU- Hungary, IN- In-
dia, 
ind- industrial , IT- Italy, PL- Poland, res- residential, SE- Sweden, SME- small and me-
dium 
enterprise, TE- countries in transition 

Source: Vine 2005, Painuly et al. 2003, all country reports 

Pp 18-20 March 2007, ESCo Synthesis, An Assessment of on Energy Service 

Companies (ESCOs) Worldwide 

Ürge-Vorsatz, Diana; Sonja Köppel; Chunyu Liang; Benigna Kiss; Gireesh Goopalan 
Nair; Gamze Celikyilmaz; 

Central European University 

Giles Parkinson, editor of Renew Economy 

―There are some [IEC ESCos] emerging. But it is difficult because of the way the Australian market is 

structured and the dominance of the major players. The big problem is hedging price risk - and smaller 

players are vulnerable to getting screwed by the big guys. market dominance!‖ 

15.4 APPENDIX D: PV AND TIME OF USE 
Note that work from this section was taken from a previous assignment for Grid Connected PV. 

Not all facts stated link back to show the original sources. 

15.4.1 DESIGN WITH BATTERY STORAGE 
Assume that the battery will not be depleted below a depth-of discharge (DOD) of 70%. When 

the levelised cost of battery storage becomes low enough so that it adds value to a PV system 

(which is not the case at the moment) the ideal scenario for battery storage would be when the 

total amount of electricity imported and exported is minimised. Where it is not possible to have 

no electricity exported and no electricity imported on all average seasonal days, it is better to 

have more electricity exported (and minimise electricity imported) than having more electricity 

imported (and lowering electricity exported). With initiatives like peer-to-peer (PTP) energy trad-

ing, the value of exported electricity from PV may increase in future. 

15.4.1.1 Design 1: 1.5 kW PV & 8 kWh Battery  

Figure 15-13 to Figure 15-17 show  that for a 1.5 kW PV system, a battery with a capacity of 8 

kWh would be required to ensure that the desired state of charge of the battery is always equal 

to the actual state of charge of the battery for an average summer, autumn or spring day (ex-

cludes winter and prolonged periods of below-average sunshine). In this scenario, no electricity 

is imported in average summer conditions, virtually none in average spring conditions, small 

amounts in autumn and a significant amount is imported in winter. Only a small amount of elec-

tricity is exported in summer at 3 and 4 pm. This system is designed so that no electricity is im-

ported over an average summer day and only a very small amount of electricity is exported.  

15.4.1.2 Design 2: 3 kW PV & 8 kWh Battery 
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Figure 15-18 to Figure 15-22show that it seems that a 3 kW system with battery storage of 8 

kWh comes close to being the most appropriate design as there is enough battery storage to 

minimise the amount of grid electricity being imported overall and particularly during peak times 

for average sunshine conditions for all seasonal profiles. In summer there is just enough storage 

to not require any grid electricity being imported (the battery state of charge has almost, but not 

quite, reached the maximum DOD by the time the sun rises the following day). In winter, small 

amounts of electricity are imported, but that is from 12 am to 8 am. If a time-of-use pricing ar-

rangement was used, this would be mostly during off-peak periods. Large amounts of electricity 

are exported during the day. 

In this scenario the system is optimised so that in winter the battery is just at or above the mini-

mum depth of discharge by the time the sun rises the next day. This means that no electricity 

should be imported over the course of an average winter‘s day. Note however that large 

amounts of electricity will be exported in the other seasons.  

15.4.1.3 3.5 kW and 12 kWh battery bank 

Figure 15-29 show the graphs over seasons for a 3.5 kW syatem and a 12 kWh battery bank. 

15.4.1.4 Large Battery Storage (Capable of going off-grid) 

From 15.4.1.4, note that the worst of the worst Consecutive Days is the 21-day period in March. 

The average daily insolation is 5.08 kWh/m2 for March 24-year average cloud conditions. This 

suggests that a solar energy system battery or backup system should have at least 7.61 NO-

SUN days or 38.66 kWh/m2 (7.61 x 5.08) of capacity, considering that the availability of grid-

connected electricity is very high, and so a standalone system may need to be at a similar level. 

Satellite-based day-to-day cloud variability over a historical time period can be used to design 

solar energy storage or backup capacity if more reliable data are not available. 

If the total available north-facing area is used, that area is the area of the 6 kW system, i.e. 

24*1.685*0.997 = 40.32 m2[48]. Note that it is assumed that Trina TSM PDG5 panels are used, 

however other panel models could chosen. Therefore, the capacity of the battery storage sys-

tem for a standalone 6 kW system would need to be at least 38.66 kWh/m2 * 40.32 m2 = 1560 

kWh (to 3 s.f.). This capacity is very high and it is likely that such a system would not be afford-

able. However, there is a problem with the above method which is that it has not taken into ac-

count the energy usage, which is a crucial factor for determining battery system sizeTable 15-1: 

Off-Grid System Size (PV and battery only, no other energy storage or backup supply e.g. die-

sel generator), shown below indicates the battery capacity (kWh) required for off-grid systems 

ranging in size from 1.5 kW to 6 kW.  

Table 15-1: Off-Grid System Size (PV and battery only, no other energy storage or backup supply e.g. diesel 
generator) 

PV System size 
(kW) 

# mod-
ules 

PV ar-
ea 

Battery capacity (kWh) required for off-grid 
system 

1.5 6 10.08 389.68 

2 8 13.44 519.573 

3 12 20.16 779.36 
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4 16 26.88 1039.15 

5 20 33.60 1298.93 

6 24 40.32 1558.72 

Given the high cost of battery storage systems, it may be worthwhile consulting the literature to 

find an economic analysis and comparing with other backup storage technologies, or doing an 

independent analysis. While the capital cost for a standalone PV system may be high, the life-

time system cost is likely to be lower than using a diesel generator, but may not be lower than 

remaining connected to the grid, which in turn is likely to have a higher lifetime cost than using a 

hybrid system. For the energy use figures for an average household it appears that a system 

size of 3 kW is commonly appropriate, however the design of off-grid systems (and any solar 

system) should be treated on a case-by-case basis. For a business couple without children the 

energy usage is likely to be lower than the average household. However, if the business couple 

has two children the energy usage may only be slightly lower than that of an average house-

hold. 
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Figure 15-13: Summer Load – 1.5kW PV, 8kWh Battery 
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Figure 15-14: Autumn Load - 1.5kW PV, kWh Battery 
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Figure 15-15: Winter Load - 1.5kW PV, 8kWh Battery 
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Figure 15-16: Winter Min. 1 Day Sunshine - 1.5kW PV, 8kWh Battery 
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Figure 15-17: Spring Load – 1.5 kW PV, 8 kWh Battery  
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15.4.1.5 3 kW PV, 8 kWh battery 

 

Figure 15-18: Summer Load - 3kW PV, 8kWh Battery 
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Figure 15-19: Autumn Load - 3kW PV, 8kWh Battery 
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Figure 15-20: Winter Load - 3kW PV, 8kWh Battery 
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Figure 15-21: Winter Min. 1 Day Sunshine - 3kW PV, 8kWh Battery 
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Figure 15-22: Spring Load - 3kW PV, 8kWh Battery 
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3.5 kW PV, 12 kWh battery 
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Figure 15-23: Summer load, 3.5 kW PV, 12 kWh battery profile 
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Figure 15-24: Winter load, 3.5 kW PV, 12 kWh battery profile 
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Figure 15-25: Winter minimum 1 day consecutive sunshine, 3.5 kW PV, 12 kWh battery profile 
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Figure 15-26: Autumn load, 3.5 kW PV, 12 kWh battery profile 
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Figure 15-27: graph over multiple days to show state of charge pattern repeats 
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Figure 15-28: Spring load, 3.5 kW PV, 12 kWh battery profile 
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Figure 15-29: graph over multiple days to show state of charge pattern repeats 
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Figure 15-30: Summary of financial metrics from study with average household load profile with a battery 
capacity of 4 kWh and a PV array power of 6 kW and a battery capacity of 4 kWh. SFR = Single Flat Rate. TOU 
= Time of Use. EA = Energy Australia. AA = ActewAGL. 
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Figure 15-31: Solar load and battery profile 
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Figure 15-32: Solar load and battery profile 
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15.5 APPENDIX E 
http://ec.europa.eu/energy/efficiency/studies/doc/2014_guidance_energy_renovation_buildings.

pdf 

http://www.worldgbc.org/files/1813/6067/5345/Overview_of_the_Energy_Efficiency_Directive_S

eptember_2012.pdf 

http://www.iea.org/publications/insights/insightpublications/Energy_Efficiency_Policy_Developm

ents.pdf 

http://www.ieep.eu/assets/1267/Energy_Savings_2030_IEEP_Review_of_Cost_and_Benefits_o

f_Energy_Savings_2013_published.pdf 

http://www.re-green.eu/en/go/case-of-the-month---brussels 

Local energy management plan 

environmental management when the buildings are not undergoing renovation and by observance of energy perfor-

mance and green-building criteria during renovation or new construction. 

http://energy.gov/eere/femp/federal-energy-management-program 

http://www.envcomm.act.gov.au/__data/assets/pdf_file/0007/197809/ocse_factsheet_retrofit_05

0710.pdf 

http://www.cpuc.ca.gov/NR/rdonlyres/B7966556-0F2D-4306-9B08-

2D8F891ADFA3/0/ResidentialWholeHouseProgramDesign_0701draft.pdf 

http://www.retro-fitting.com.au/ 

16 GLOSSARY 
Energy wise measures: that behaviour with energy that leads to permanent peace and happi-

ness, which can only be done through unconditional love. Energy wise measures may generate 

renewable energy (e.g. solar PV), measures that use energy more efficiently and measures that 

conserve energy, in the context of being ecologically, socially, economically and politically sus-

tainable, e.g. by having policies to make economical technologies that are not (yet) so. An ener-

gy saving measure could be implemented that would not be economical, so it may not be an 

energy wise measure. 

17  LIST OF ABBREVIATIONS 
COCE = Capital and Operational Cost of Energy over a period, e.g. 30 years 

DPP = Discounted payback period 

EEC = Energy Efficiency Council 

http://ec.europa.eu/energy/efficiency/studies/doc/2014_guidance_energy_renovation_buildings.pdf
http://ec.europa.eu/energy/efficiency/studies/doc/2014_guidance_energy_renovation_buildings.pdf
http://www.worldgbc.org/files/1813/6067/5345/Overview_of_the_Energy_Efficiency_Directive_September_2012.pdf
http://www.worldgbc.org/files/1813/6067/5345/Overview_of_the_Energy_Efficiency_Directive_September_2012.pdf
http://www.iea.org/publications/insights/insightpublications/Energy_Efficiency_Policy_Developments.pdf
http://www.iea.org/publications/insights/insightpublications/Energy_Efficiency_Policy_Developments.pdf
http://www.ieep.eu/assets/1267/Energy_Savings_2030_IEEP_Review_of_Cost_and_Benefits_of_Energy_Savings_2013_published.pdf
http://www.ieep.eu/assets/1267/Energy_Savings_2030_IEEP_Review_of_Cost_and_Benefits_of_Energy_Savings_2013_published.pdf
http://www.re-green.eu/en/go/case-of-the-month---brussels
http://energy.gov/eere/femp/federal-energy-management-program
http://www.envcomm.act.gov.au/__data/assets/pdf_file/0007/197809/ocse_factsheet_retrofit_050710.pdf
http://www.envcomm.act.gov.au/__data/assets/pdf_file/0007/197809/ocse_factsheet_retrofit_050710.pdf
http://www.cpuc.ca.gov/NR/rdonlyres/B7966556-0F2D-4306-9B08-2D8F891ADFA3/0/ResidentialWholeHouseProgramDesign_0701draft.pdf
http://www.cpuc.ca.gov/NR/rdonlyres/B7966556-0F2D-4306-9B08-2D8F891ADFA3/0/ResidentialWholeHouseProgramDesign_0701draft.pdf
http://www.retro-fitting.com.au/
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HVAC = Heating, Ventilation and Air Conditioning 

NPV/W = Net Present Value/Worth 

OES = Operational Energy savings 

SPP = Simple Payback Period 
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