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Abstract 92 
Government departments and their agencies occupy a significant portion of building stock, whose 93 
annual water and energy costs are substantial. Although it has been demonstrated that retrofitting 94 
public buildings can lead to drastic reductions in water and energy consumption with rapid payback 95 
periods, in most countries the retrofitting rate is very low. In addition, the focus of retrofit projects is 96 
often solely on energy, while water conservation and the water-energy nexus are typically neglected. 97 
To improve the current lackluster retrofit rates, the key challenges and potential coping strategies 98 
must be identified and retrofit program implementation frameworks developed. This research study 99 
adopted a mixed methods approach including scenario modelling and stakeholder workshops and 100 
interviews, to achieve such objectives. The comprehensive review identified retrofit project financing 101 
and procurement impediments to be the greatest deterrent, although other factors such as education 102 
and awareness-raising, which are typically overlooked, were also recognized as being critical. 103 
Interviews with stakeholders revealed that governments’ willingness to introduce a retrofit program 104 
and related supporting mechanisms is also a major barrier to public building retrofitting. Coping 105 
strategies for achieving accelerated implementation of retrofit projects were identified as being the 106 
introduction of project facilitation teams, revolving loan funding, performance contracting, to name a 107 
few. Once such barriers and strategies were acknowledged and refined through stakeholders’ 108 
consultation, scenario modelling was conducted in order to quantify the benefits of a proposed 109 
widespread retrofit program. Modelling results demonstrated a potential five-fold return of capital 110 
investment for a nationwide Australian hospital building energy and water retrofit program if the 111 
recommended financial and procurement mechanisms were put in place. Such results and final project 112 
outcomes were presented to key-stakeholders in order to incentivise decision-makers to implement 113 
some of the proposed strategies and finally boost the building retrofitting sector.  114 
 115 
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1. Introduction  187 

Water and energy efficiency are critical for sustainable development and climate change mitigation, 188 
and buildings have a central role to play in such efforts. Buildings are one of the largest users of 189 
energy, accounting for 32% of total global final energy use and 19% of total energy-related 190 
greenhouse gas (GHG) emissions (Lucon et al., 2014). Many of these existing structures were built 191 
before the establishment of appropriate efficiency codes, often meaning that they are energy and water 192 
inefficient. By 2050, global world building heating and cooling energy use could be reduced by about 193 
46% as compared to 2005 values  (Ürge-Vorsatz et al., 2012) through incorporating today’s best 194 
practices in building design, construction, and operation, as well as accelerated state-of-the-art 195 
retrofits, with potential of energy and water consumption reduction of up to 40% through building 196 
retrofitting (Beal et al., 2012; Willis et al., 2011). However, in most developed countries, more than 197 
98% of the building stock consists of existing buildings, and new construction accounts for only 1 to 198 
1.5 % of total building stock at any time (McAllister and Sweett, 2007). Therefore, retrofitting 199 
existing buildings is the key to a sustainable future because the vast majority of the buildings that we 200 
currently occupy, and their respective energy and water use profiles, will be with us for the long term.  201 
 202 
Like other developed countries, a significant share of Australian existing building stock were built 203 
before the introduction of recent efficiency codes, and in the current business as usual scenario, the 204 
building sector could potentially account for almost half of Australia’s carbon budget by 2050 205 
(ASBEC, 2016). The carbon budget represents the maximum GHG emissions a country can release 206 
according to the Paris agreement (United Nations, 2015) to limit the global warming to 2 degrees 207 
Celsius. Therefore, the issue of building retrofitting is also crucial for Australia to help minimise the 208 
carbon emissions and associated global warming. Moreover, modelling results showed that retrofitting 209 
buildings can potentially deliver a 23%  reduction in emissions and AUD$20 billion in financial 210 
savings by 2030 in Australia (ASBEC, 2016). Such savings would increase even further if the public 211 
health benefits are considered in the analysis, as the link between environmental pollution (e.g. 212 
sulphur dioxide and wastewater emissions) and public health is well established (Lu et al., 2017). 213 
 214 
Public buildings occupy over a quarter of the national commercial building stock in Australia and the 215 
associated energy and water costs are as high as AUD$1 billion per year (ANAO, 2009). The majority 216 
of these public buildings (e.g., schools, libraries, hospitals, offices) are existing stock which were 217 
designed and constructed with insufficient consideration for energy and water efficiency. In general, it 218 
has been assessed that energy efficiency can increase financial performance (Fan et al., 2017). By 219 
retrofitting these building stock, the governments can typically reduce energy use and GHG emissions 220 
in their buildings by 25% with an annual return on investment of 7 to 15% (GPG, 2011). 221 
 222 
The goal of building retrofits is to reduce the energy and water costs, and GHG emissions, through 223 
different methods such as passive approaches (e.g. improved insulation level), replacement of 224 
inefficient appliances with efficient ones, and on-site production of renewable energy (Ferreira et al., 225 
2016). A large body of evidence, in the past 30 years or so, has demonstrated that large monetary 226 
savings could be achieved with water and energy efficient buildings (Rosenfeld and Hafemeister, 227 
1988). Yet, the potential for the retrofitting industry to become a main driver for water/energy 228 
efficient and climate-wise cities, has not been fully realised due to a number of barriers. These retrofit 229 
project barriers have been documented in the  literature (Bertone et al., 2016c; Ryan and Murray-230 
Leach, 2011) and their impacts analysed in scenario modelling (Liang et al., 2016). In the Australian 231 
context for instance, although few policies exist (Dowling et al., 2014), the retrofitting rate is still 232 
quite low, and in line with other parts of the world such as the US and EU where the retrofitting rate is 233 
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about 3% per year (Zhivov, 2013). There have been a few policies attempting to increase government 234 
buildings’ efficiency in recent times. In 2006, the Energy Efficiency in Government Operation 235 
(EEGO) policy was introduced to improve the energy performance of the public building stock in 236 
Australia (EEGO, 2007). However, due to the lack of a comprehensive implementation strategy, the 237 
expected policy outcome was not achieved. A number of states in Australia have gained some 238 
progress in this regard through introducing their own retrofitting policies, targets and guidelines, such 239 
as the Energy Saving Scheme (ESS) and Government Resource Efficiency Policy (GREP) in New 240 
South Wales, Victorian Energy Efficiency Target (VEET), Greener Government Building (GGB) 241 

program in Victoria, Retailer Energy Efficiency Scheme (REES) and Government Building 242 
Energy Strategy (GBE Strategy) in South Australia, and Energy Efficiency Improvement Scheme 243 
(EEIS) in ACT.  Since 2009, the GGB programme in Victoria led to AUD$134 million invested in 244 
water and energy efficiency upgrades (Bertone et al., 2016c; Department of Treasury and Finance, 245 
2016). The GREP, which was introduced in 2014, also resulted in an increase in the public building 246 
retrofitting rate in NSW. However, these are localised examples and a clear national policy is not 247 
present; also, other states such as Queensland, Western Australia and Northern Territory currently 248 
lack policies and guidelines to retrofit their public building stock. In addition, often energy and water 249 
efficiency are considered separately, with water efficiency and the water-energy nexus often 250 
overlooked and underestimated (Bertone et al., 2016c; GHD, 2006). Internationally, a number of 251 
successful and unsuccessful policy examples can help identify barriers and copying strategies for the 252 
retrofitting sector on a general scale; however, it is not automatic that a series of recommendations 253 
would flawlessly work in a specific context or country.   254 
 255 
As a result, the objectives of this research project were: 256 

 To identify barriers and coping strategies for the retrofitting industry on a general, 257 
international level. 258 

 To quantify, through prediction modelling, the potential monetary/environmental benefits of 259 
implementing a number of best-practice actions in the Australian context. 260 

 To develop comprehensive retrofitting guidelines and an implementation strategy based on 261 
the research results and stakeholders’ feedback and input. 262 

 263 
To achieve these objectives, a hybrid mixed-method approach has been adopted in this research. The 264 
existing studies in this area either only focused on doing a comprehensive review of barriers and 265 
opportunities of retrofitting (e.g. Ma et al. (2012); Tanaka (2011)) or only carried out scenario 266 
modelling to show the potential cost, energy and water savings and reduction of GHG emission 267 
through retrofitting (e.g. Kenway et al. (2013); Walter and Sohn (2016)). The adopted approach in this 268 
study combined the evidence from past examples and research and the results from the proposed 269 
modelling studies. Moreover, practical expertise was drawn from stakeholder engagement employed 270 
throughout the research process in order to refine and validate project outputs. Such methodology, in 271 
combination with the deployment of a hybrid modelling approach, is novel in the context of building 272 
efficiency upgrades.  273 
 274 
Section 2 presents the methodology deployed to accomplish the research objectives and the results are 275 
discussed in Section 3. The conclusions and implications of the study are presented in Section 4. 276 
Figure 1 schematically represents the main structure of this paper. 277 
 278 



7 
 

 279 
Figure 1 – Schematic overview of paper structure 280 

2. Methods 281 

Figure 2 illustrates the main research components and activities undertaken in this project. The 282 
components are described in more detail in the following subsections. The first step consists of a 283 
comprehensive review of relevant literature, including national and international guidelines as well as 284 
previous studies identifying potential impediments and opportunities. Based on this, a comprehensive 285 
list of barriers and potential coping strategies to boost the retrofitting industry for public buildings in 286 
Australia was prepared. Through a cyclic action research feedback process, this list was refined and 287 
validated by the relevant government and industry stakeholders participating in the project. Based on 288 
such feedback and collected data, two prediction models were developed in order to validate the 289 
findings and quantify the costs and benefits of the proposed public retrofit implementation strategies 290 
(e.g. designed regulatory and financial mechanisms) for the Australian context. Two final stakeholder 291 
interaction workshops served to derive a final set of recommendations and to refine and endorse a 292 
developed set of guidelines.  293 
 294 
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 295 
Figure 2 – Research components flow chart 296 

2.1. Literature review: barriers and opportunities  297 

A review of relevant academic studies and industry reports, at an international level, was conducted. 298 
Preliminary results were described in Bertone et al. (2016c). Based on the research focus outlined in 299 
the preceding sections, keywords were selected and primary searches were conducted though Scopus 300 
and Google Scholar. The resulting list was then also integrated with a number of reports from 301 
international and Australian agencies as well as consultancy and industry reports. Given the topic of 302 
this research project, grey literature (e.g. industry and government reports) was considered 303 
fundamental for this particular study. 304 

2.2. Review of national and international guidelines and schemes 305 

A number of national and international government building retrofitting guidelines were analysed in 306 
terms of retrofitting steps, relevant policies and targets, implementation methods and current progress. 307 
The necessary data for the current research was collected from the government websites, relevant 308 
government reports and through direct communication and interviews with relevant government 309 
personnel. Based on the review and lessons learnt from different retrofitting programs, and 310 
stakeholders’ consultation, a set of public building retrofitting guidelines was developed. The lessons 311 
learnt through the interviews and stakeholders’ consultations were also used to develop an effective 312 
implementation strategy for government building retrofitting programs. 313 
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2.3. Prediction modelling 314 

After having identified international best practices for different aspects of the retrofitting sector (e.g. 315 
financial, procurement), a combined hybrid Bayesian Networks-System Dynamics model was 316 
developed as discussed in Bertone et al. (2017). The goal of the BN-SD model was to predict the 317 
Australian public building retrofitting rate, and associated costs and benefits, for a combination of 318 
proposed strategic recommendations such as innovative financing arrangements and supportive 319 
regulatory mechanisms.  320 
 321 
Bayesian Networks (BN) represent a probabilistic modelling approach which can deal well with 322 
uncertainty and can incorporate stakeholders’ inputs (Fenton and Neil, 2008), while Systems 323 
Dynamics (SD) can be used to improve policy and decision-making (Sterman, 2000). Both of these 324 
techniques have been used extensively in the water and energy sectors (Bertone et al., 2016a; Ford, 325 
1997; Sahin et al., 2015). A combined BN-SD approach has been previously proposed by some of the 326 
authors within the ARID (Accessible, Robust, Integrated, Dynamic) framework methodology 327 
(Bertone et al., 2016b) and has been successfully applied in water-related research projects (Bertone 328 
et al., 2016a; Bertone et al., 2015). The benefits of combining these two diverse modelling approaches 329 
is that they offer complementary characteristics that overcome each other’s limitations. Specifically, 330 
BN allows for modelling systems with uncertain, missing, and multidisciplinary data (Uusitalo, 2007). 331 
Additionally, BN processing time is considerably shorter than process-based models (Beaudequin et 332 
al., 2016; Uusitalo, 2007), and is considered more transparent than data-driven, “black box” 333 
approaches, such as artificial neural networks (Chen and Pollino, 2012). However, BN cannot easily, 334 
if not at all, account for continuous variables, time, or feedback loops (Uusitalo, 2007), which would 335 
be beneficial in order to obtain a better understanding of certain systems to be modelled (Sahin et al., 336 
2015). A limitation of SD is that it is reliant on extensive continuous datasets that are discrete and 337 
quantitative. By integrating BN with SD, it is possible to conduct temporal analysis and account for 338 
feedback loops and time lags. Such integration can be done by either directly using some of the BN 339 
output nodes’ information as an input into the SD model, such as described in this study, or by 340 
modifying SD to make them “fuzzy SD” (Nasirzadeh et al., 2008; Tessem and Davidsen, 1994). 341 
 342 
This research approach was also deemed appropriate for this study, since: (1) the system is highly 343 
uncertain, as it has been documented that qualitative socio-economic factors significantly influence 344 
the diffusion potential of retrofitting technologies (Yang and Zhang, 2016); (2) a number of variables 345 
would not have available numerical data, and thus through the BN this can be replaced with experts’ 346 
judgement, and (3) SD allows the user to more realistically model the implementation of any 347 
proposed strategies by taking into account a range of complex interdependent factors. In addition, a 348 
participatory approach, in which the relevant stakeholders were engaged in some of the modelling 349 
activities (Hare, 2011), such as data collection and model validation, was adopted in this study. This 350 
approach also facilitates the inclusion of all the relevant key parameters when modeling the system; 351 
thus ensuring a thorough understanding of the system being modelled (Vennix et al., 1997).  352 
 353 
The first critical step was the collection of data about the public building stock; this includes general 354 
information (e.g. size, location), as well as water and energy consumption. This information was 355 
collected though a number of publicly available sources including reports and websites (Bertone et al., 356 
2017). 357 
 358 
Next, a BN model was developed in order to quantify how the retrofitting rate would change in 359 
different financial and procurement scenarios, and by considering different Australian locations and 360 
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retrofit options such as solar photovoltaic (PV) panels, taps aerators, LED lights; with associated costs 361 
and benefits. PV panels represent a retrofit option related to the production of renewable energy and 362 
reduction of the non-renewable energy use component, while aerators and LED lightning represent 363 
water and energy efficiency-related retrofit solutions. The model incorporates technical and 364 
engineering calculations (e.g. amount of electricity produced by n PV panels in a certain location) 365 
with more qualitative outputs (e.g. financial attractiveness given certain background conditions) 366 
which were estimated based on stakeholders’ opinions and input. These were collected during a 367 
number of workshops conducted in different Australian states during the course of the research 368 
project. The model was calibrated and validated by comparing the outputs of specific scenarios with 369 
available retrofitting rates in certain parts of Australia, such as in Melbourne with the “1200 370 
Buildings” initiative (Bertone et al., 2017), and by running a sensitivity analysis to test the impact of 371 
some key variables on the overall system, as well as based on experts’ evaluation.  372 
 373 
Finally, the best financial scenario estimated by the BN was tested by developing a dedicated SD, 374 
which was used to optimize the features of such financial mechanism (e.g. loan duration, interest 375 
rates, dedicated budget) and predict monetary and environmental benefits of such a scheme being in 376 
place in Australia to boost the retrofitting sector. 377 

2.4. Stakeholders’ engagement and final workshops 378 

Relevant stakeholders were engaged throughout the course of this project. Experts consulted included 379 
champions from the industry sectors as well as from several Australian state governments. Such 380 
involvement was conducted through face-to-face meetings and phone calls, as well as (mainly) 381 
through a number of workshops and meetings; specifically, two in Brisbane, one in Melbourne, and 382 
two in Perth. These were useful to discuss progress and obtain feedback. It was also critical for the 383 
prediction models’ development (i.e. provision of qualitative expert input wherever numerical data 384 
were unavailable). Figure 2 explains the different steps involved in this project and how stakeholders 385 
were a vital part of it and were engaged from beginning to end. 386 
 387 
Importantly, two final workshops were conducted in Queensland and Western Australia with 388 
participants from senior management roles across various departments. These were crucial in order to 389 
validate the findings for specific regional/state contexts. The number of participants was 15 for the 390 
Queensland workshop and 29 for the Western Australia workshop. The workshops started with a half-391 
hour presentation covering the study findings, including the review of national and international 392 
retrofitting guidelines and best practices, barriers, and coping strategies. This presentation was then 393 
followed by a one and a half hour interactive discussion that sought to determine the most significant 394 
barriers and suitable coping strategies for each of the identified key-components and factors. 395 
 396 

3. Results and Discussion 397 

3.1. Identification of different key components and main barriers/opportunities  398 

A preliminary but comprehensive analysis of main barriers and coping strategies for the retrofitting 399 
industry was presented in Bertone et al. (2016c); those outcomes provided the foundations for further 400 
analysis and refinement based on further research and stakeholders’ feedback, as summarized below.  401 
 402 
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The first critical conclusion, based on the review of successful and unsuccessful examples worldwide, 403 
is the clear requirement for an integrated approach that values all the different key-components of a 404 
retrofit project. These components extend beyond the simple retrofit installation, and include a 405 
number of pre- and post- retrofit activities, both at a national strategy, and individual building levels. 406 
The identified five key-components are: 407 
 408 

1. Building efficiency assessment  409 
2. Selection of best retrofit option 410 
3. Procurement 411 
4. Financing 412 
5. Post-retrofit measurement and verification (M&V) 413 

 414 
Figure 3 symbolically represents a successful retrofit project as a bridge, where each pillar is one of 415 
the aforementioned components; if one wants to cross from one side (energy and water inefficient 416 
building) to the other (energy and water efficient building), all of these pillars must be solid and well-417 
constructed. If one of them is missing, it would be very difficult to successfully complete a building 418 
retrofit project. Based on our findings, this is the main reason why the retrofitting rate around the 419 
world is very low: most of the time, at least one of these components/pillars is either missing or not 420 
strong and specific enough. 421 
 422 

 423 
 424 

Figure 3 - the five key pillars of a successful building retrofit project 425 

 426 
The following sections briefly describe each of these pillars and provide a number of Australian or 427 
international examples. For each step, a number of barriers and coping strategies were identified and 428 
discussed during the project workshops with key government stakeholders. 429 

3.1.1. Efficiency assessment 430 
Assessing the energy and water efficiency of an existing building is an intricate task, as it requires 431 
both an accurate and reliable monitoring of the building consumption (i.e. monitoring and auditing), 432 
as well as reference values once the consumption is assessed (i.e. benchmarking and certification 433 
schemes).  434 
 435 
An efficient metering policy would be the first step towards a proper national-level public buildings 436 
efficiency assessment. If smart meters were used, they could be linked to end-use disaggregation 437 
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algorithms (Nguyen et al., 2015) able to quickly identify the building areas/devices responsible for the 438 
highest water/energy consumption, and in turn highlight the most-effective retrofit options. In 439 
addition, if energy/water data for several buildings is collected, this would help with benchmarking 440 
and designing national energy/water efficiency policies. As an example, in Denmark a mandatory 441 
certification scheme led to a large amount of collected data, which were used for a more evidence-442 
based policy making (IEA, 2010). However, in Australia there is no general mandatory metering; the 443 
Australian Governments currently only recommend the use of electricity smart meters (DIS, 2015), 444 
while for water there is quite limited metering at all, despite leakages losses commonly reaching 30% 445 
of the total consumption (Britton et al., 2013). Although in some states there are regulations (e.g. 446 
Queensland Development Code MP 4.1- Sustainable Buildings, 2010) forcing the use of electricity 447 
sub-meters, this is valid for specific buildings’ categories only (e.g. offices, multi-unit residential) and 448 
it solely applies to new buildings (QDHPW, 2013). Regarding auditing, in Australia and New Zealand 449 
there are three levels of energy audits of increasing complexity (SA, 2000), but no regulation on 450 
which level is required based on the project (Ma et al., 2012). Additionally, there are no standards for 451 
water audits.  452 
 453 
Focusing on benchmarking, there are several examples of certification schemes worldwide, both 454 
mandatory and voluntary. The review  shows how both are useful, but voluntary schemes are less 455 
effective since, although the owner of an efficient building might have a benefit in obtaining a 456 
positive rate (i.e. marketing strategy, public recognition), owners of poorly performed buildings 457 
would not have interest or a benefit in investing time and money to eventually obtain a negative 458 
certification (IEA, 2010). The issue with mandating a certification scheme is related to the metering 459 
barrier: they are usually expensive to undertake, and there is a need for baseline data (to be collected 460 
through large scale metering programs) for an appropriate and meaningful benchmarking. 461 

3.1.2. Selection of best retrofit option 462 
Hundreds of energy and water efficiency upgrade options exist, and therefore identifying the most 463 
suitable option for a specific building can be quite complex. Often, the “low-hanging fruit” options 464 
(e.g. LED lights, window sealing, tap aerators) represent simple, relatively inexpensive, and quite 465 
effective solutions, with potentially a short payback period and easy installation. However, for deeper 466 
retrofits (e.g. HVAC systems), proper monitoring and auditing activities are necessary to ensure the 467 
best upgrade option is found. It must be mentioned that there would be other demand side 468 
management (DSM) solutions, other than energy/water efficiency or on-site renewable energy 469 
generation measures, which would allow for reduced consumption. Managing demand is as important 470 
as increasing efficiency, in order to avoid the ‘rebound effect’ (Copiello, 2017). Some of the DSM 471 
options include smart dynamic pricing  (Palensky and Dietrich, 2011; Sahin et al., 2017), automated 472 
demand response and demand shifting over daily forecast price cycles (Amini et al., 2015), distributed 473 
spinning reserve (Palensky and Dietrich, 2011), and supply function bidding mechanism algorithms 474 
(e.g. Kamyab et al. (2016)). Although in recent years improved computational modelling capabilities 475 
have allowed for optimisation and forecasting algorithms to be more easily developed, many ICT 476 
challenges still exist for DSM (Palensky and Dietrich, 2011) and several of the above options rely on 477 
the presence of smart meters. 478 
 479 
An issue with ranking different options is the need of accounting for co-benefits such as increased 480 
tenants’ productivity, reduced carbon emissions, and increased property value, which often are 481 
difficult to quantify in monetary terms (Bertone et al., 2016c). Adding to the complexity, there are a 482 
number of uncertainties (e.g. future energy/water price, climate change, equipment performance), 483 
which increase the risk for the building owner of not achieving the savings promised by the 484 
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contractor, and thus potentially discourage the implementation of such deep retrofits (Ma et al., 2012).  485 
In order to address this issue, innovative procurement models are needed to help transfer such risks to 486 
the contractor, leading to a safer investment for the owner and to a performance-driven system. 487 

3.1.3. Procurement  488 
Traditional procurement methods, in which a building owner seeks a contractor to undertake auditing 489 
and then retrofitting activities, proved to be ineffective, since the owner (e.g. government agency) 490 
would typically struggle to find funding for the project and thus the latter would not go ahead (Ryan 491 
and Murray-Leach, 2011). In addition, even if the funding is secured, often there is no post-retrofit 492 
M&V of the predicted savings. Hence, since these are usually higher than the measured ones, the 493 
costs and risks for building owners can be too high. An effective procurement option is provided by 494 
the “Integrated Services Models”, where a qualified service provider (for energy efficiency, called 495 
“energy service company” or ESCO) is selected for not only the retrofit installation, but also for pre-496 
retrofit auditing, project proposal, and post-retrofit M&V (Ryan and Murray-Leach, 2011). In case of 497 
“Energy Performance Contracting” (EPC), the whole process is performance-driven as the ESCO will 498 
not receive the payment upfront, but will get paid through a portion of the achieved energy savings 499 
(Tetreault and Regenthal, 2011). In this way, it is important for ESCOs to correctly predict, and 500 
monitoring, the savings to achieve positive returns; this also transfers risk away from the owner, who 501 
does not require in-depth technical knowledge but will have a fixed price/savings provided by ESCOs 502 
for a number of retrofit options. EPC has been widely used in the United States (e.g. Rhoads (2010)), 503 
Canada, Germany, Finland, Denmark and in some Australian States.  504 
 505 
However, EPC are generally not suitable for small (<$250,000) projects or remote locations, since 506 
they are less appealing for ESCOs (Ryan and Murray-Leach, 2011). In addition, studies found that to 507 
be successful, an EPC also relies heavily on other factors such as accurate M&V and team leader’s 508 
and workers’ skills and capacity (Xu et al., 2015). Also, developing an EPC project is a lengthy 509 
process, and it drives up the project cost as all the risks are shifted to the ESCO. In the case of low-510 
risk projects (e.g. lighting) with higher project value, the use of EPC unnecessarily increases the 511 
project cost, time and complexity. In this scenario, a different procurement model, such as ‘Design 512 
and Install’, can be used (Davis et al., 2008). To analyse the risks associated with a project, a multiple 513 
criteria analysis can be used, considering project value, project complexity, risk profile, etc., rather 514 
than only project value. After the multiple criteria analysis, projects with high-risk rating may be 515 
procured via EPC.  516 

3.1.4. Finance 517 
Ad-hoc financing mechanisms must be accessible to the building owners to avoid the high upfront 518 
costs (USDE, 2012b) required for the installation of energy and water efficiency upgrades and smooth 519 
such cost over time. Lack of such financing options represent one of the most critical barriers acting 520 
against the acceleration of the retrofitting rate of public buildings Another main financial barrier is 521 
given by the split incentive issue (Kong et al., 2012): that is, when the building is tenant-occupied, the 522 
owner is supposed to pay for an upgrade whose benefits will be enjoyed by the tenants. A number of 523 
financial mechanisms used around the world, which can help overcome such barriers, were identified 524 
(Bertone et al., 2016c).  525 

 On-bill financing: it helps avoid the upfront costs by allowing repayments through the 526 
energy/water bills. The repayments are supposed to be lower than the savings thus allowing 527 
for immediate positive returns for the owner. They are usually suitable for small projects. 528 
The downsides are, for instance, the potential for private lenders to perceive (because of lack 529 
of knowledge) the energy efficiency market as high risk; the utilities themselves, in addition, 530 
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may have no desire of acting as lenders. Finally, a strong regulatory support is required 531 
(Rockfeller and DB, 2012). Regardless, it is widely applied in the US and in some parts of 532 
the UK. 533 

 Environmental Upgrade Finance (EUF): through this mechanism a long-term, low interest 534 
rates, loan is provided which is paid back through municipal taxes. These can be transferred 535 
to the tenants, thus this system helps avoid both upfront costs and split incentive issue (Ernst 536 
and Young, 2015). It requires a deep involvement of the local Councils to facilitate the 537 
lending process. It has been applied in several Australian cities in New South Wales, South 538 
Australia and Victoria. 539 

 Revolving Loan Fund (RLF): this type of loan provides favourable financial terms and helps 540 
qualify for credit entities that otherwise would struggle to access funds. When coupled with 541 
EPC, the ESCOs repay the loan through the achieved cost-savings, and due to the interest 542 
rates, the budget dedicated for the RLF will increase over time and can be used to fund 543 
further upgrades. It has been successfully used in more than 30 states in the USA. Through 544 
one of the meetings with the stakeholders, the research team found that in Australia, the 545 
New South Wales (NSW) Government Finance Facility uses RLF for financing government 546 
building energy and water efficiency projects. The fund has been in place since 1998 and 547 
currently, has a cap of AUD$95 million.  However, RLF may work better with shorter 548 
payback periods of up to four years. For projects with longer payback periods, slow project 549 
returns to the RLF will limit the rollout of new projects.  550 

 Green Bonds: similarly to Environmental Upgrade Finance, in many cases they can be 551 
repaid through council rates. They are low-risk and Government-backed, and their issuance 552 
numbers are exponentially increasing worldwide, including Australia (Climate Bonds 553 
Initiatives, 2016). Nevertheless, they would require clearer rules, in particular around the 554 
definition of “Green” to avoid that unrelated applications are submitted to take advantage of 555 
the financial benefits of such mechanism. 556 

 Green Depreciation: it implies an accelerated depreciation of green buildings, allowing tax 557 
deferment and therefore lower financial pressure early when the owner is still affected by 558 
the retrofit costs, and higher financial pressure when benefitting of energy and water 559 
savings. However, it does not solve per se the high upfront cost or the split incentive issues, 560 
thus it must be combined with one of the above. In addition, similarly to Green Bonds, a 561 
clear legislation is required to better control who can access this financial support 562 
mechanism. 563 

 564 
Other options (e.g. grants) were identified, but the ones above were considered more effective or less 565 
exclusive. What it was found, however, was that the best solution would consist of a number of 566 
integrated financing options (e.g. on-bill financing for small remote projects, EUF or RLF for large 567 
projects) in order to overcome the respective individual limitations.  568 

3.1.5. Post-retrofit M&V 569 
This component is also critical for a successful retrofit project since, as explained, there is a need to 570 
verify that the predicted savings match the measured ones, as this is often not the case (Zhou et al., 571 
2016). It is important to implement M&V policies promoting cyclic feedback mechanisms. As an 572 
example, the 2007 US “Energy Independence and Security Act” introduced a 4-year cycle for project 573 
plan, implementation and verification (USDE, 2012a). Importantly, the post-retrofit M&V may as 574 
well represent the first step of a new upgrade process, as it can be used to identify new savings 575 
opportunities.  576 
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3.2. Scenario modelling  577 

The results of the prediction modelling exercise confirmed how the application of a number of best 578 
international practices in the Australian context would lead to substantial environmental benefits but, 579 
importantly, to high returns of investments, thus crafting a strategy to not only help coping with 580 
increasing pressures for cleaner technologies, but to abate the costs for governments and councils. 581 
 582 
In Figure 4, the BN results are summarised. The spider chart shows the predicted magnitudes of 583 
increase in the number of retrofitting projects for Australian hospitals for different scenarios, 584 
compared to the current baseline situation (set as 1). The model focuses on hospitals only as in 585 
Australia they represent the public building category with the highest stock size and energy/water 586 
consumption. The scenarios mainly account for the introduction of financial and procurement 587 
mechanisms, and they focus on two specific retrofitting strategies: (1) “low-hanging fruits” such as 588 
combined LED efficient lights for energy and tap aerators for energy and water, and (2) a more 589 
complex retrofit such as solar PV panels. The BN clearly reflects the pros and cons of the financial 590 
mechanisms as discussed in the literature, thus revolving loan funds (RLF) and environmental 591 
upgrade agreements (EnvUpAgr) would proportionally lead to a higher increase in retrofitting 592 
projects compared to less effective green depreciation and on-bill financing (On bill) strategies. In 593 
addition, combining a revolving loan fund with a more effective, EPC-type procurement, would 594 
further increase such multipliers. When evaluating different retrofitting options, the benefits of 595 
creating dedicated financial facilitation pathways for deeper retrofits (i.e. solar PV) represent a much 596 
more needed aid given the high capital costs, compared to LED and taps aerators which would have 597 
lower installation costs and thus a less insurmountable financial barrier. This is reflected by the BN 598 
outputs: in the best-case scenario analysed, i.e. when a revolving loan fund and an EPC procurement 599 
type are instituted, the number of solar PV - retrofit projects would increase 11-fold compared to the 600 
current state; this would further increase to 12.8 times the current rate once a high implementation rate 601 
has been achieved (High impl), based on the innovation diffusion rate theory (Rogers, 2010). In 602 
comparison, such multipliers for the LED+aerators scenario are respectively 6.1 and 7.9. 603 
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 604 
Figure 4 – Increase in completed retrofitting projects as per BN prediction for different scenarios 605 
 606 
In the second part of this modelling work, i.e. the SD model, the BN outputs (i.e. predicted retrofitting 607 
rate, best financial/procurement method) were used to predict potential benefits of setting up a 608 
revolving loan fund dedicated to eligible retrofitting projects. The projects considered were LED 609 
lights and tap aerators since, despite the predicted rate of increase in projects was lower than for the 610 
solar PV scenario in relative terms compared to current rates, the absolute predicted retrofitting rate 611 
was higher than for solar projects, given the current rate being already higher. In addition, simple 612 
energy efficiency solutions such as better lightning systems have been proposed for at least three 613 
decades (Rosenfeld and Hafemeister, 1988) and represent a perfect low-cost example of available 614 
savings for many Australian public buildings. The funding pool was optimised to increase the 615 
monetary benefits, and this was split differently based on hospital size (e.g. 5 million only dedicated 616 
to very small hospitals, 50 million for very large hospitals, etc.). The main conclusions were: 617 

 An initial investment of AUD$80 million would be required to retrofit 29% of the hospitals in 618 
5 years. 619 

 The cost-savings for hospitals would be approximately AUD $380 in 10 years, i.e. almost 5 620 
times the investment. 621 

 Over 1,700 GWh of energy would be saved in 10 years, as well as over 10,400 ML of water 622 

 Over 21.5 million tonnes of CO2-e would be avoided in a 10-year timeframe, helping the 623 
government achieve sustainability goals.  624 

 625 
The models, especially the BN, rely on a number of assumptions, as it is logically supposed to be 626 
given the uncertainty around such modelled system and the missing data. Above all, the BN relies on 627 
a number of qualitative inputs provided by the stakeholders, who helped in quantifying links between 628 
variables (e.g. financial/procurement environment and retrofit attractiveness). However, the elicitation 629 
process has been performed in a rigorous and consistent manner to ensure the model is reliable and 630 
accurate. This was confirmed through the validation process as described in the Methods section. The 631 
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models were applied to the specific context of Australian hospitals, as they are the category of public 632 
buildings responsible for the highest energy and water use; however, given their flexible structure and 633 
data entry process, they can be easily adapted for the other public building categories. Essentially, the 634 
implication of this model for the retrofitting industry is the quantification of the benefits (cost savings, 635 
carbon emission reductions) of introducing innovative financing and regulatory mechanisms 636 
dedicated to building water and energy efficiency projects in Australia; in turn such numerical 637 
evidence can be presented to key government decision-makers in order to push such changes forward. 638 

3.3. Proposed retrofitting guidelines 639 

EPC-based government building retrofitting guidelines from United States (Baechler and Webster, 640 
2011), United Kingdom (DECC, 2015), Finland (Motiva Oy, 2009), Canada (Federal Building 641 
Initiative, 2013), Germany (Schmidt, 2010), IEA ECBCS Annex 46 (Shonder et al., 2010) were 642 
reviewed in terms of retrofit steps and relevent policies. In addition, retrofitting programs from five 643 
states in Australia were also analyzed in terms of relevant policies and targets, implementation 644 
methods and current progress. The programs are: 645 
 646 

1. Greener Government Building (GGB)– Victoria (Department of Treasury and Finance, 2016) 647 
2. Government Resource Efficiency Policy (GREP) – New South Wales (NSW Office of 648 

Environment and Heritage, 2014) 649 
3. Government Building Energy Strategy (GBE strategy) – South Australia (Government of 650 

South Australia, 2013) 651 
4. Energy Smart Government (ESG) – Western Australia (Murphy, 2010) 652 
5. Strategic Energy Efficiency Policy (SEEP) – Queensland (Queensland Department of Public 653 

Works, 2007) 654 
 655 
The detailed review of the five Australian State Government’s retrofitting programs was presented in 656 
(Zou et al., 2017). The review showed, in particular, that Victoria’s EPC-based GGB program was 657 
successful in accelerating the retrofitting rate of their government building stock. The NSW’s GREP 658 
program was also found to be making significant progress. These programs are successful largely 659 
because of having a mandate to achieve the target and using an EPC-based procurement method. The 660 
availability of a government fund in the form of a loan was also observed to be an important success 661 
factor. On the other hand, in Western Australia and Queensland, the lack of a stable and long-term 662 
building retrofitting program, of a financing mechanism and of accountability, were considered as the 663 
primary reasons for the failure of their respective programs. Based on the review, EPC-based public 664 
building retrofitting guidelines and an implementation strategy were developed. Figure 5 shows the 665 
proposed public building retrofitting guidelines of this study. The figure also shows the required key 666 
pillars at each step of the proposed retrofitting guidelines. In the next sections, we provide more detail 667 
for each of the steps of the proposed guidelines. 668 
   669 
 670 
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 671 
Figure 5 - Proposed guidelines for implementing EPC in a government building retrofitting project 672 

3.3.1. Project planning 673 
The project planning stage includes the formation of a project team, monitoring and exploring energy 674 
and water saving opportunities at the site, and checking the feasibility of an EPC project. Experience 675 
from Canada’s Federal Building Initiative program demonstrated that a competent project team 676 
should include all key personnel responsible for the management and operation of the facility and 677 
representatives from the procurement, human resources, finance, engineering, and legal departments 678 
(Federal Building Initiative, 2013). A preliminary energy audit should be carried out for exploring 679 
energy savings opportunities and preparing proposals. In case of multi-building projects or for a 680 
bundle of similar government buildings, representative energy/water audits are recommended. To 681 
assess the feasibility of an EPC project, government-defined threshold values can be used. For 682 
example, in Germany, only sites with energy bills of 100,000 €/annum are viable for EPC. The 683 
Victoria’s Greener Government Building retrofitting program in Australia recommends seeking an 684 
alternative process to an EPC if the agency’s total annual energy consumption is less than 1GWh. 685 
During the project planning stage, the newly formed project team should also consider the risks 686 
associated with this retrofitting project and develop a management strategy to minimise those risks 687 
(Zou et al., 2016).  688 

3.3.2. Selection of ESCO 689 
Government building retrofitting programs that use an EPC should maintain a list of pre-qualified 690 
ESCOs that can provide required retrofitting services to the government. The pre-qualified ESCO list 691 
would help the government departments/agencies to select the most appropriate skilled professionals 692 
for each particular project.The ESCO selection criteria may include: 693 
 694 

1. Capacity to comply with project requirements. 695 
2. Demonstrated experience in the provision of energy/water efficiency retrofit services. 696 
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3. Organisation’s methodology (auditing, selection and installation of retrofit measures and 697 
M&V) for undertaking an EPC project. 698 

4. Organisation’s risk management strategies. 699 
 700 
If the potential for a project exists, a certain number of ESCOs can be invited to carry out a 701 
preliminary assessment including selection of potential energy/water conservation measures and 702 
estimates of energy/water and cost savings. Based on their submitted proposals, one ESCO could be 703 
selected to conduct the detail investment grade audit. In some countries (e.g. United States) one 704 
ESCO is selected directly from the pre-qualified ESCOs list based on certain criteria to conduct the 705 
investment grade audit. 706 

3.3.3. Investment grade audit and project development 707 
At this stage, the selected ESCO should perform a detailed audit, identify retrofitting options and 708 
submit a report that describes the basis for the project’s contractually guaranteed savings. The 709 
investment-grade audit is equivalent to a Level 3 energy audit (for, specifically, energy retrofits). The 710 
American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) has 711 
developed three levels of auditing approach (Level 1, Level 2 and Level 3) that increase in detail and 712 
depth of analysis and cost (Cowan et al., 2004). Level 1 audit is not recommended for financial 713 
decision-making in capital intensive projects because of the inaccuracies associated with the energy 714 
savings estimation method. Level 2 audits are used as the basis for many decisions where the 715 
investment is modest, or large savings overshadow any uncertainty and risk. A Level 3 audit offers 716 
the most detailed engineering and financial analysis and is generally used for complex building 717 
retrofitting with significant capital investment (Cowan et al., 2004). Such Level 3 audit is costly, but 718 
significantly reduces the risks associated with costs and energy savings estimates, and therefore it is 719 
recommended for major retrofit projects.  720 
 721 
To guarantee the minimum savings, the ESCO needs to assess the associated risks that can hinder 722 
their achievement. There are certain constraints that are unique to building retrofitting projects, such 723 
as financial and cost constraints, modelling constraints, technology and equipment constraints, policy 724 
and regulation constraints, work hour constraints, workspace constraints, material and equipment 725 
transportation constraints and surrounding environment constraints. These constraints place 726 
significant and unique risks to building retrofitting project design and management. Another 727 
important element of this stage is to develop a measurement and verification (M&V) plan for the 728 
project. It is essential to have a good M&V plan in an EPC based project because the repayment is 729 
done from the savings achieved as a result of retrofitting.  730 
 731 
At the end of this stage, the ESCO should develop a business case proposal for the retrofit project and 732 
submit it to the project team. After reviewing the proposal, the project team decides on whether to  733 

(1) accept the report and implement the project,  734 
(2) not to implement the project or  735 
(3) request ESCO to amend the proposal to make it compliant with the requirement of the 736 

project team.  737 
Once the report is accepted, the project team proceeds with organising the fund and developing an 738 
EPC. 739 

3.3.4. Project implementation 740 
The implementation stage starts with arranging the fund for retrofitting either from government or 741 
private sectors. Once the funding is approved, an EPC is signed between the department/agency and 742 
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ESCO. The EPC contract includes the details of the agreed scope of works, maintenance schedules, 743 
project cost, guaranteed savings and M&V plan. Then the ESCO proceeds with installing the 744 
proposed retrofit measures. The installation of the proposed retrofit measures may either be carried 745 
out by the ESCO itself, or the ESCO can engage subcontractors to do the work. According to United 746 
States guidelines, the best practice during the implementation stage is to keep the ESCO and 747 

department/agency in contact to avoid delays, unintended outcomes, and backtracking.  748 

3.3.5. Performance analysis 749 
One of the most important keys to the success of an EPC is having a well-defined measurement and 750 
verification (M&V) plan to analyse the performance of a retrofitted building. Projects with a robust 751 
M&V plan result in a substantially higher (up to 20-30%) level of savings than projects that have little 752 
or no M&V. The M&V may include the requirement for certain energy and water efficiency 753 
installations to be measured and verified annually over the term of the EPC contract. It can be carried 754 
out by facilities departments of the retrofitted buildings. However, sometimes the government 755 
agencies lack the capacity to perform M&V themselves. In that case, the M&V can be carried out by 756 
the same company who worked during the exploration and selection of retrofit measures or by other 757 
external companies. The EPC contract should include the details about the responsibility of the ESCO 758 
and client in this performance analysis stage.  759 
 760 

3.4 Implementation strategy 761 
 762 
Following from the review of different government building retrofitting programs, lessons learnt from 763 
five Australian programs, and experts consultation, it has been realised that the effective 764 
implementation of any retrofitting guidelines and achievement of desired outcomes depends on the 765 
actions of four key stakeholders: (1) the government department in charge, (2) a facilitation team, (3) 766 
ESCO and (4) the government agency. Figure 6 shows the key stakeholders and their interactions with 767 
each other at different stages of the proposed retrofitting guidelines.  768 
 769 

 770 

 771 
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 772 
 773 

Figure 6 - Key stakeholders and their interactions for implementing the retrofitting guidelines 774 

The government department in charge has the responsibility of introducing the appropriate policies, 775 
regulations and mandates; establishing a reasonable target, providing funds to the eligible projects and 776 
monitoring the progress towards the preset targets. Government agencies in most cases may not have 777 
the expertise to engage and manage energy/water efficiency projects. The government department in 778 
charge is usually the one which holds and allocates the resources for retrofitting, e.g. the Department 779 
of Treasury and Finance in Australia. 780 
 781 
Government personnel in most cases may not have the expertise to engage and manage water/energy 782 
retrofit projects. From the best practice state level and international programs it was observed that the 783 
facilitation team can help the department/agency throughout the retrofitting process starting from 784 
project planning to implementation and completion. This team can help the government agency to 785 
assemble the right team and provide education and dedicated assistance while preparing a compliant 786 
report to make it eligible for funding from the government. In this way they can minimise the use of 787 
agency resources as well as the time required to implement the project.  In Canada, such assistance is 788 
provided the by Federal Buildings Initiative (Shonder et al., 2010). Canada-Quebec and Germany 789 
have relied on assistance and guidance from non-governmental organisations (NGOs) and 790 
associations, as well as from contracting agents (Jas Singh et al., 2010). Some of the same services are 791 
provided in Finland by Motiva, a state-owned company promoting energy efficiency and renewable 792 
energy sources. Motiva acts as a link between ESCOs and their potential clients by developing 793 
contracting models and tools, marketing the EPC concept (Motiva Oy, 2009). The role of the project 794 
facilitator in the U.S. Department of Energy’s energy savings performance contract (ESPC) program – 795 
administered by Federal Energy Management Program (FEMP) – provides another model for 796 
delivering this assistance. FEMP project facilitators (PFs) are objective, expert consultants for 797 
technical, financial, and contractual issues who help optimise the financial value of ESPC projects. In 798 
Australia, the facilitation team in different state level programs (Department of Treasury and Finance, 799 
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2016; Government of South Australia, 2013; NSW Office of Environment and Heritage, 2014), also 800 
plays a significant role in implementing the energy efficiency projects in their respective states. 801 

 802 
As mentioned in previous section, the role ESCO is very important to conduct audits, select energy 803 
and water retrofitting measures and develop a business case including estimates of installation costs, 804 
savings and payback periods. They are also responsible for the installation of retrofit measures and 805 
post-retrofit M&V to evaluate the performance of the retrofits. Finally, the government agency should 806 
have firm determination to retrofit buildings in their portfolio and take necessary steps by following 807 
the proposed retrofitting guidelines and seeking necessary assistance from the facilitation team and 808 
government department in charge. 809 

3.5. Workshops outcomes and proposed strategies  810 

Based on the feedback obtained from the stakeholders during the final workshops, the main 811 
issues/strategies discussed were grouped and analysed in the following sub-sections. Then, the 812 
identified barriers and opportunities, and proposed guidelines, were revised and refined in order to 813 
achieve a final set of recommendations, which could be (1) accepted by the stakeholders, (2)  realistic 814 
for the Australian scenario, and (3) backed by data, modelling outputs, and the comprehensive 815 
literature review described previously.   816 

3.5.1. Building efficiency assessment  817 
Regarding the building efficiency assessment process, the two main areas identified as main barriers 818 
are related to (1) governance and (2) data. In terms of governance, both QLD and WA participants 819 
identified a lack of understanding of the importance of M&V within their government departments, 820 
especially at senior management levels; as a consequence, this implies a lack of mandates or funding 821 
allocated to M&V activities, and in turn not enough data collected for verification of potential (pre-822 
retrofit) or achieved (post-retrofit) savings. The poor metering systems currently installed in a number 823 
of existing buildings are also making it difficult to access consumption data. In the scenario, instead, 824 
where monitoring data is available, the issue is typically the absence of qualified experts within their 825 
organisations able to interpret such data. There seemed to be a lack of operation and maintenance 826 
support in government agency buildings. Also, there are few appropriate key performance indicators 827 
(KPI) for a baseline assessment of a particular buildings’ efficiency.  828 
 829 
Some potential solutions were identified; the stakeholders largely agreed on the need for mandates 830 
and standards. If mandatory energy/water consumption reporting and targets were introduced, this 831 
would trigger an inevitable investment in M&V activities to ensure that estimated savings are verified 832 
or otherwise. However, it was also mentioned that appropriate budget should be allocated for the 833 
efficiency assessment task if a mandate is introduced. Another most frequently mentioned coping 834 
strategy was related to educating staff to raise awareness about the opportunities of energy and water 835 
retrofits. Mandatory short courses for staff were identified as a potential solution, as well as successful 836 
demonstration sites. In addition, introducing clear regulations and standards for the type of audit 837 
required based on the project/building categorisation, as well as the responsible persons to undertake 838 
it, was considered another crucial requirement for better quantifying retrofitting opportunities. To 839 
improve the quality of monitored data and get trusted information from auditing, it was suggested to 840 
use a blend of technology and engineering skills. A list of prequalified auditors would help the agency 841 
to select experienced professionals during the auditing stage. To determine the baseline, proper KPI 842 
should be established based on the characteristics of the agency buildings such as, the utility bills, size 843 
of property, number of people etc. Figure 7 displays the current cycle impeding a wider M&V 844 
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implementation (red boxes), and the proposed effective M&V action plan (green boxes) based on a 845 
number of identified opportunities. 846 

 847 

 848 
 849 

Figure 7 - Barriers and coping strategies for building efficiency assessment 850 

3.5.2. Financing 851 
Figure 8 lists the main identified financing barriers and coping strategies for government building 852 
retrofitting projects. There is presently limited specialist knowledge and experience within 853 
government agency for developing robust retrofit project business cases; therefore only limited 854 
funding allocations are available for retrofit project opportunities within annual budgeting cycles. 855 
Also, there is a lack of dedicated long-term funding sources for retrofitting projects. Individual 856 
government departments have a constrained budget for each fiscal period, and as a result, a potential 857 
retrofit project has to compete against other priorities. In addition, the reduction in operational costs 858 
may not be adequately considered in the project prioritisation process. Another issue is that 859 
governments have limited opportunities for borrowing from private sector lenders in order to fund 860 
public building retrofit projects and even if they can, often they are reluctant to borrow money or 861 
enter into a financial lease agreement for energy/water efficiency projects. Finally, in cases where 862 
public buildings are leased, there is little incentive for the government department tenant, as well for 863 
the owner, to retrofit (i.e. split incentive issue).  864 
 865 
Even in cases where these initial barriers are overcome, and a particular government department 866 
successfully retrofits their buildings, then the ongoing operational savings from lower utility bills are 867 
usually not retained in that department, thus providing a disincentive to invest in projects that would 868 
in practice reduce their future budget allocations. In addition, with traditional procurement 869 
mechanisms, the financial risks of not achieving the desired savings target also act as a barrier to the 870 
financing of retrofitting projects.  871 
 872 
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In terms of coping strategies, it was agreed that governments could consider introducing targeted 873 
policies with allocated budget support for an ongoing retrofitting program, with the Department of 874 
Treasury establishing retrofitting project funding rules. A revolving loan fund was considered as a 875 
potentially effective financing option in the workshop, based on international/national evidence and 876 
modelling results; Green Bonds were also considered a valuable option alongside RLF, given the 877 
worldwide/national recent uptake of this funding mechanism (Climate Bonds Initiatives, 2016). A 878 
RLF could potentially provide a perpetual source of funding for viable retrofit projects, since annual 879 
retrofit operational savings and interest payments are returned to the capital pool. If an internal RLF, 880 
i.e. within a specific department, is arranged, this would provide an incentive for senior government 881 
executives to retrofit and accumulate the achieved savings over the following fiscal years. The 882 
modelling outputs of the research team back such preference. The government could also consider 883 
introducing policies, regulations and funding schemes that enable departments with viable retrofit 884 
projects to access private sector funding.  885 
 886 
In case of leased public buildings, ad-hoc financing schemes (e.g. Environment Upgrade Finance) as 887 
discussed in previous sections could help resolve the split-incentives issue. A performance-based 888 
contracting method such as EPC procurement method would then minimise the financial risks 889 
associated with retrofitting projects. Finally, in order to help the agency in developing strong business 890 
cases for the retrofitting projects, the formation of an expert facilitation team as well as information 891 
sharing between departments would be critical. Establishing a streamlined process for business case 892 
development was also suggested.   893 
 894 

 895 
 896 
 897 

Figure 8 - Financial barriers and coping strategies 898 
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3.5.3. Procurement 899 
The availability of guidelines and appropriate procurement pathways for building retrofit projects was 900 
viewed as a barrier by the workshop participants. Another barrier identified was a lack of skilled 901 
contractors to suitably install building energy and water efficiency retrofits, and of a contractual 902 
means to ensure that contractors achieved estimated savings from those retrofits over the long term. 903 
Government officers at the workshops confirmed that, currently, building retrofit project procurement 904 
is challenging and time-consuming, and requires extensive project management to achieve successful 905 
outcomes. The final major barrier identified for procuring retrofit projects was related to the 906 
geographical and logistical challenges associated with the large states such as Queensland and 907 
Western Australia. These state governments have thousands of owned and leased public buildings 908 
located within capital and regional cities as well as remote country towns. Planning for and procuring 909 
retrofit projects in regional and remote locations is particularly challenging. Bundling of retrofit 910 
projects across each state is possible but requires an expert procurement and facilitation team to be 911 
successful.  912 
 913 
In terms of coping strategies, in addition to the already mentioned  introduction of performance-based 914 
contracting mechanisms such as EPC, easy to follow procurement guidelines for various scales and 915 
categories of retrofit projects would help government officers championing building efficiency 916 
objectives. A list of pre-qualified contractors could help government departments and agencies to 917 
select the right contractor for particular retrofit project requirements. Government may also consider 918 
establishing a specialist building retrofit procurement office that can provide assistance to 919 
departments implementing smaller retrofit projects, and completely manage the entire process for 920 
geographically spread, large scale and bundled whole-of-government retrofit programs. Figure 9 921 
summarises the main identified procurement barriers and coping strategies for government building 922 
retrofitting projects. 923 
 924 

 925 
 926 

Figure 9 - Barriers and coping strategies during procurement 927 
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3.5.4. Raising awareness through education 928 
Education and raising awareness were previously identified as a critical link between the different 929 
retrofit activities, and one of the main drivers to improve the whole retrofit sector. However, this 930 
comes with a number of implementation issues, and potential solutions as illustrated in Figure 10. 931 
Among the issues, the frequent changes in information dissemination and policy related to the 932 
energy/water efficiency priorities and targets of the government act as an impediment in this regard. 933 
Additionally, given that each government department or agency occupying a public building has a 934 
core business function, which is not building energy and water efficiency, the motivation to initiate 935 
and implement challenging retrofit projects will remain low in a policy context where such initiatives 936 
are voluntary and not mandatory.   937 
 938 
To raise the level of awareness of water/energy retrofit opportunities and delivery methods, 939 
governments could consider the provision of training programs, dedicated information portals 940 
containing benchmarks, guidelines and case studies, as well as building assessment and procurement 941 
procedure manuals. Complementing awareness and training programs with executive leadership and 942 
well-defined and achievable mandates would ensure that viable retrofit projects are implemented. If 943 
compliance with building retrofit programs remains voluntary, the government could introduce 944 
performance rewards for those departments and agencies that have achieved savings targets. 945 
Mandatory government reporting of annual energy and water consumption for building stock with 946 
comparisons against best practice water and energy intensity KPIs may also promote a greater 947 
diffusion of these types of projects. 948 

 949 
 950 

Figure 10 - Barriers and coping strategies for awareness raising  951 
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3.5.5. Mandating efficiency targets 952 
A further conclusion from previous activities of this research project was the importance of mandating 953 
efficiency-related targets. During the workshops, issues and coping actions were discussed in relation 954 
to this aspect. 955 
 956 
As shown in Figure 11, the three main barriers against mandating public building water/energy 957 
efficiency targets include: 1) partisan government policy; 2) issues with designing suitable targets; 958 
and 3) receiving acceptance by departments and agencies required to meet such targets. Firstly, 959 
whenever there is a change in government at the state or federal level, there are also significant shifts 960 
in sustainability-related policy, mandates and funding. Governments’ willingness to take up energy 961 
and water efficiency projects is mostly influenced by ‘net debt’ over the forward estimate period 962 
(typically, this is four years in Australia). It is impossible to retrofit public buildings without 963 
increasing government net debt. The payback period of retrofitting projects is normally longer than 964 
four years and up to seven years, which means it will increase net debt over the forward estimates 965 
period. Although governments acknowledge the long-term benefits of building efficiency retrofitting, 966 
they give higher priority to reducing the amount of net debt over the forward estimate period. As a 967 
result, building retrofitting projects are seen as a cost rather than savings. One possible solution is to 968 
limit the project payback period to less than four years; but this will restrict the scale of investment. 969 
Alternatively, governments need to have firm determination and strong political will to impose 970 
appropriate policies and mandates to prioritise building efficiency upgrade projects. Successful case 971 
examples demonstrating savings and short payback periods can be used to persuade governments. 972 
 973 
Designing a workable retrofitting mandate with savings targets that is sufficiently versatile to handle a 974 
wide range of building types and categories is undoubtedly challenging and requires careful 975 
consideration, planning and funding committed before it will be accepted and successfully 976 
implemented by government facilities managers. However, any mandate must have realistic targets 977 
and implementation timeframes. As a first step, certain relatively easy retrofits that yield a predictable 978 
rapid return of capital could be mandated (e.g. LED lights and taps aerators as shown in the prediction 979 
modelling results). The available accreditation schemes could be used as a standard while setting a 980 
target. An update of the office fit-out standard accommodating the energy and water efficiency 981 
features can also be a good way of achieving the retrofitting target in office buildings. It is important 982 
to note that any mandate set by government on its departments and agencies must be suitably 983 
resourced (i.e. funding, procurement support, guidelines, staffing, etc.) to ensure timely 984 
implementation. 985 
 986 
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 987 
 988 

Figure 11 - Barriers against imposing a mandate and possible coping strategies 989 

3.5.6. Facilitation team 990 
Outcomes of this project showed that the establishment of a facilitation team would greatly enhance 991 
the level of engagement of the interested parties and set up an easier and smoother retrofitting 992 
implementation process. During the workshops, barriers and coping strategies for the establishment of 993 
such facilitation team were discussed and illustrated in Figure 12. 994 
 995 
Considerable cost and effort is required to establish a skilled retrofit program facilitation team. A 996 
whole-of-government approach is required, where the central government creates the core team of 997 
project initiation and procurement experts along with a network of dispersed water/energy efficiency 998 
champions within various departments and agencies. The delivery of some significant retrofit projects 999 
by the facilitation team will serve to demonstrate the value of their service, which is currently 1000 
understated.  1001 
 1002 
There is a possibility of having certain conflicts of interest where a person has a role within the central 1003 
facilitation team and also within a department or agency. However, this can be overcome through a 1004 
transparent internal appointment process, and/or the use of specialist consultants for contracted 1005 
periods (e.g. 3 years).   1006 
 1007 
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 1008 
Figure 12 - Barriers to establishing a facilitation team and possible coping strategies 1009 

4. Conclusions 1010 

This paper describes the outcomes of a research project seeking to identify the main challenges and 1011 
coping strategies for accelerating the retrofitting rate of public buildings in Australia. A hybrid mixed-1012 
method approach, combining data collection, interviewsand scenario modelling was employed, where 1013 
relevant stakeholders from government and the private sector were engaged throughout the project by 1014 
providing input and feedback to the research team, and thus making the project outputs more credible 1015 
and viable. The following are the key-findings of this research project: 1016 
 1017 

1. Firstly, through the review process, a number of key steps for a successful retrofitting 1018 
program were identified. These not only include suitable financing and procurement models 1019 
(often identified as the only requirement), but also other overlooked components, such as 1020 
education and usage metering. Experts helped validating and refining these results during a 1021 
number of workshops.  1022 

 1023 
2. Developed prediction models also showed potential for financing and procurement methods 1024 

such as revolving loan funds coupled with performance-based contracting to create very high 1025 
returns of investment and remarkable carbon emission reductions. Such results, backed by 1026 
successful international examples, were presented to the stakeholders who show interest in 1027 
revolving loan funds as they could provide a perpetual, internal source of funding for viable 1028 
retrofit projects.  1029 
 1030 

3. Based on the review of relevant guidelines used around the world, this research has developed 1031 
new Public Building Retrofitting Guidelines. The review of these guidelines and 1032 
stakeholders’ consultation revealed that the effective implementation of such guidelines 1033 
would depend on the collective actions of four key stakeholders:  1034 

 The government department in charge;  1035 

 The facilitation team;  1036 

 The Energy Service Company (ESCO); and   1037 

 The government agency.  1038 
 1039 
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4. Following two final workshops, a refined list of main challenges and coping strategies was 1040 
prepared. Government’s lack of willingness to introduce energy/water efficiency programs 1041 
and appropriate mandates was identified as a major barrier to the public building retrofitting 1042 
process.   1043 

 1044 
It is anticipated that the outcomes of this project can be used by the stakeholders in order to 1045 
implement the recommendations and facilitate the installation of retrofitting technologies in existing 1046 
Australian public buildings. If this is achieved, water and energy consumptions would be drastically 1047 
reduced (as well as costs for the governments); also, by reducing consumption and using cleaner 1048 
energy sources (e.g. solar), GHG emissions would be drastically reduced, thus helping cities to 1049 
partially contribute to mitigating climate change.  1050 
 1051 
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