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Abstract 

This thesis establishes new insights into the provision of affordable, operationally efficient rental 

housing in Australia, within the context of government-supported affordable rental housing 

schemes. A revision to the Australian ‘Affordable Housing Bond Aggregator’ (AHBA) model is 

proposed, which includes the integration of a green building mandate on affordable rental housing 

stock and the utilisation of sustainable financing pathways – notably green bonds. 

Linkages between the operational utility efficiency of rental housing, sustainable financing 

avenues, and outcomes for low- and middle-income households are investigated; furthermore, 

how ongoing operational utility efficiencies, achieved through green building principles, may be 

captured to improve the efficacy of government social support schemes as a system is examined. 

This research has implications for the Australian affordable housing sector. 

This thesis applies a mixed-methods approach to address and synthesise the following three 

concepts: 

• Green building principles as a demand-side subsidy to improve tenant outcomes within 

affordable housing policy. A case study is presented. 

• The application of green versus conventional housing bonds as a financing mechanism 

for affordable housing policy. A systematic literature review is undertaken to reveal 

plausible financing cost savings and ‘green premium’ determinants. 

• Lastly, an operational system dynamics model is developed to examine the outcomes of 

the AHBA in South East Queensland, and also to forecast the implications for integrating 

green building principles, including green bonds, against environmental, social, and 

economic outcomes. 

First, this research engages with a case study to investigate the financial value of green building 

principles within South East Queensland. Rising energy, water, and gas costs exert increasing 

financial pressure on low- and middle-income rental households, which are often subject to issues 

of split-incentives. The split-incentive problem concerns the lack of appropriate incentives for 

landlords to implement green building principles and associated utility efficiency measures. Little 

incentive exists for landlords to invest in operational utility efficiency upgrades to rental housing 

within existing Australian affordable housing policy. In addition, the financial implications of 

doing so are not well understood. This study therefore seeks to identify the financial value of 

green building principles over a 10-year rental tenancy. A multi-residential affordable housing 

development in Yeronga, Brisbane is analysed from the design stage; two scenarios are studied 
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to determine the estimated household utility savings between a ‘Business as usual’ and ‘Green-

certified’ case. Operational utility efficiencies, achieved through green building principles, are 

modelled to reduce total housing costs by 1.7–3.8% (an average approximate saving of AUD $5–

18 per week) for one- and four-person low-income households, respectively. These savings are 

regarded as a demand-side subsidy that directly benefit tenants. The costs for implementing green 

certification are assessed, which are found to be marginal when compared with the longer-term 

operational cost savings of the improvements. The findings provide evidence to suggest that a 

case exists within public affordable housing policy to expand on the conceptual notion of ‘housing 

assistance’ from a direct discount to market rent approach (or cash subsidy) to one that includes 

a broader set of factors – such as operational utility efficiency. The study proposes that incentives 

provided under government-supported affordable housing policy offer an avenue for mediating 

split-incentive problems through an incentive structure that utilises a mix of demand- and supply-

side subsidies to reduce housing stress for low- and middle-income households, and to promote 

the supply of affordable housing options. The implications of the study relate to innovative 

perceptions of affordable rental housing subsidies through green building practices. 

The second study employs a systematic literature review to investigate plausible debt financing 

benefits for affordable housing policy by engaging with the green bond market. The green bond 

market is emerging as an impactful financing mechanism towards climate change mitigation 

efforts. Studies have revealed the notion of a ‘green premium’ or ‘greenium’ within green bond 

pricing, including insights into influential characteristics and the drivers that govern it. However, 

methodological heterogeneity among these studies has resulted in general ambiguity regarding a 

consensus over the existence of the green premium. This research addresses this gap through a 

systematic literature review that aims to establish a consensus on the existence – or nonexistence 

– of a green premium in the green bond market. The review examines studies published between 

2007 and 2020. A ranking of the green bond characteristics most likely to exhibit a green premium 

is organised, including a framework of driving factors. The findings confirm a consensus on the 

existence of a green premium within 56% of primary and 70% of secondary market studies, 

particularly for those green bonds that are government-issued, investment grade, and that follow 

defined green bond governance and reporting procedures. The green premium varies for the 

primary market; however, an average green premium of −1 to −9 basis points on the secondary 

market is observed. The study has implications for bond pricing theory by suggesting that future 

bond pricing should consider noneconomic motives of investors, such as environmental 

preferences. Furthermore, they suggest plausible financing benefits should future Australian 

affordable housing policy integrate a mandate for green building certification. This is particularly 

the case for the AHBA with regards to linkages between a large pool of green-certified housing 

assets and government-issued housing bonds.  
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Lastly, the thesis organises the concepts of green building and sustainable financing into an 

operational system dynamics model. System dynamics is a method for analysing the dynamic 

complexity of social systems with a strong emphasis on computer simulation. Building on the 

aforementioned foundation studies, the model is framed around the recently introduced AHBA 

policy framework. Its purpose is to assess two policy scenarios: a business as usual and a green-

building policy scenario. The latter establishes a mandate on green building standards within 

affordable rental housing together with the use of green versus conventional bonds. The impact 

on social, environmental, and economic outcomes of the framework over a 20-year horizon is 

assessed. The boundary of the model is within the South East Queensland metropolitan area of 

Australia. Overall, it is found that the green building framework will deliver 2.37% less housing 

due to higher initial capital costs. However, green affordable housing delivers substantial long-

term energy and water efficiency benefits, improved affordability for tenants due to reduced 

utility costs, deferred water and energy infrastructure benefits, and considerable contributions 

towards Australia’s carbon emission reduction targets. Tenants are expected to benefit from a 45–

59% reduction in energy and a 27% decrease in water bills. Moreover, a shift to affordable green 

building policy could contribute to 2.9% of Australia’s Conference of Parties 2030 carbon 

emissions reduction target if applied nationally. The thesis concludes with a sensitivity analysis, 

revealing policy refinement recommendations that would yield the benefits of green affordable 

housing without sacrificing the small reduction in housing stock delivered by the proposed 

program. It is determined that a green building grant provided to developers would mitigate the 

reduction in affordable housing supply, and at a net financial cost that is lower than the aggregated 

benefit. Overall, this research has implications for the future of Australian affordable housing 

policy through providing evidence to suggest that a focus on green building principles at a policy 

level may offer a broad base of economic, environmental, and social benefits, which are detailed 

in this thesis. 
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Chapter 1: Introduction 

1.1 Research background and rationale 

Australia has an affordable housing problem. It is estimated that close to 800,000 low income 

households require subsidised affordable rental housing nationally (Rowley, 2017). Most of the 

existing affordable housing stock is of poor quality, aging and expensive to maintain and operate 

by both providers and occupants. Mechanisms to support the sustainable development, financing, 

and ongoing operations and maintenance of affordable housing in Australia fall well behind other 

Organisation for Economic Co-operation and Development (OECD) member countries. Australia 

needs a better approach and fresh ideas to support the sustainable development of affordable 

housing – especially for housing financing. This thesis seeks to address this challenge by 

elaborating on ways to enhance affordable housing policy and supply issues through green 

building principles. It does so by the development of approaches using a range of new policy 

tools, techniques and applications. 

Within the past several decades, Australian house prices have trebled and the median house price 

to median income ratio has doubled, particularly within the country’s capital cities. The rise has 

exceeded that in most of the Western world (Yates, 2016). The literature analysing reasons for 

Australia’s housing affordability ‘crisis’ (Eslake, 2013) is robust (Pawson et al., 2018; Yates, 

2011, 2016). Contributing reasons include a consistent decline in interest rates, increasing 

population, supressed wage growth, restrictions on land supply, and limitations on planning and 

approval processes, among other demand-side factors. 

Increasing house prices have pushed a significant number of ‘would-be’ middle-income 

homeowners into the rental market, creating surplus rental demand (Berry et al., 2014). 

Competition has been intensifying for affordable rentals, pushing up prices at the low end of the 

market. In effect, low-income households are increasingly priced out, and also increasingly in 

need of affordable rental housing. There has been a longstanding history of government-supported 

programs to aid in the provision of affordable rental housing options; however, public funding 

has declined in many countries. Hence, the community housing and private rental sectors are 

playing an increasingly important role in access to affordable housing options (Pero et al., 2016). 

Definitions of ‘affordable housing’ are subjective and offer differing perspectives between 

countries and regions. In Australia, a broad agreement exists that housing is considered 
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‘affordable’ when it does not constitute more than 30% of household income (National Housing 

Strategy, 1992). ‘Housing stress’ can be attributed to those low-income households that spend 

more than 30% of their gross income on accommodation (Yates, 2008). In 2018, over 45% of 

Australian low-income households (those in the bottom two income quintiles) faced housing 

stress (ABS, 2018). A high prevalence of housing stress among low- and middle-income 

households has led to a series of government-supported affordable housing policies, which have 

aimed to increase the supply of affordable rental housing options. These initiatives are targeted 

within a housing continuum, the purpose of which is to cater to differing affordable housing needs, 

typically linked to income distributions. Figure 1 outlines the Australian housing continuum. 

 

Figure 1 - Australian housing continuum and the focus of the study. 

Source: (Government, 2016) 

The housing continuum is separated by nonmarket and market housing. Nonmarket housing is 

generally subsidised by government programs. Public and community housing are represented in 

this segment, although with differing purposes; the former is focused on very low-income 

households and the latter on those households with more moderate incomes. This research focuses 

on ‘affordable housing’ policy that supports low- and middle-income households within 

community housing. 

Since the introduction of the National Rental Affordability Scheme (NRAS) in 2008, Australian 

affordable housing policy initiatives have focused on establishing a framework of incentives for 

a market-driven supply of affordable rental housing options managed by the community housing 

sector. The purpose of these policies has been to deliver community housing at a rental rate lower 

than the ‘market’ rate, to reduce or eliminate the burden of housing stress. Dwellings are rented 

by eligible households1 in a manner that operates similarly to market housing tenancy agreements, 

where tenants are liable for operational utility (energy, water, and gas) bills, which are 

 

1 Tenant eligibility for community housing is based on maximum household income brackets. 
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increasingly burdensome. Electricity prices have increased 63% in real terms (adjusted for 

inflation) during the 2007–2017 period. Based on the consumer price index, electricity prices have 

increased 80–90% in real terms in the past decade, more than twice the growth in wages (ACCC, 

2017). These increases are consistent with gas and water retail costs (ABS, 2016a). However, 

there has been no formalised national incentive process for developers or community housing 

providers to deliver more operationally efficient rental housing within affordable housing policy 

schemes such as the NRAS. A result has been a persistence of the problem of split-incentives, 

where landlords are reluctant to invest in utility efficiency measures for rental housing. 

Australian affordable housing policy is experiencing a period of change. The NRAS is being 

phased out, and a new bond-based framework, namely the Australian Affordable Housing Bond 

Aggregator (AHBA), is emerging as its replacement. The core function of the AHBA is to engage 

with the bond market through the issuance of government-backed housing bonds to deliver low-

cost, long-term loans to community housing providers, with the aim of stimulating the supply of 

affordable rental housing. The AHBA is further described in detail in the literature review 

(Section 2.2.4). 

The introduction of new policies offers an opportunity to innovate new ideas. This research poses 

an argument for the consideration of affordability factors beyond a ‘discount to market rent’ 

approach, to include systemic policy changes that incentivise operationally efficient ‘green’ 

affordable housing that operates within existing green building (GB) certification guidelines. The 

rationale is founded within the basic principles of operational utility efficiency for improving 

outcomes for low- and middle-income households; however, systemic policy changes offer 

broader opportunities to national environmental, social, and economic key performance indicators 

(KPIs). 

In parallel to the social issues of housing affordability, momentum towards environmental 

sustainability has gained traction within political and economic spheres. These trends are driving 

governments and institutions towards actionable solutions for mitigating the worst effects of 

climate change, under agreements made at the United Nations Framework Convention on Climate 

Change (UNFCCC). A manifestation of this progress can be observed in the explosive growth of 

the sustainable finance industry, most notably the green bond market. In the four years leading up 

to 2019, global green bond issuances recorded a fivefold increase, reaching over US$ 257 billion 

annually (CBI, 2019), and they are expected to reach US$ 1 trillion per year by 2030 (Fatin, 2019). 

Green bond issuances are in high demand from investors and are often oversubscribed. Studies 

have noted that green bonds are trading at a premium (referred to as the ‘green premium’ or 
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‘greenium’) versus comparable conventional bonds in some markets, although a consensus has 

previously been undefined. This PhD thesis provides evidence for a consensus on the green 

premium in Chapter 5:. The implications for a green premium in bond prices are plausible 

financing benefits for government bond issuances used to finance ‘green’ projects – such as green-

certified affordable housing. 

The AHBA is a suitable template for exploring these two opportunities: of a GB mandate to 

improve the operational utility efficiency of affordable housing developments, and of plausible 

financing benefits to deliver lower-cost loans through the engagement of the green bond market. 

The concepts explored in this thesis have relevance for policy makers within government. The 

scale of the AHBA is significant; policy changes at this early stage may have long-term and 

scalable benefits. Therefore, this research aims to explore this new opportunity to deliver ‘green’ 

affordable rental housing at scale, advancing the global momentum towards environmental 

sustainability in the pursuit of improved stakeholder outcomes. 

1.2 Research position 

The research background and rationale have highlighted the emerging trends that guide this 

research. Recent evolutions in affordable housing policy regimes, such as the AHBA, offer an 

opportunity to rethink policy objectives to advance broader sustainable development objectives 

within Australian cities at scale. The core components that form the rationale of this PhD research 

study are visualised in Figure 2. 

 

Figure 2 - Guiding research position. 
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1.3 Research aims and objectives 

The overarching objectives of this research are to design and analyse innovative policy, which 

can deliver both affordable housing rental stock, and to reduce ongoing operational utility costs 

for households while taking advantage of emerging sustainable financing opportunities. Together, 

these objectives are anticipated to benefit a wider, holistic set of related social, environmental, 

and economic government policy objectives. The research builds on past and emerging affordable 

housing policy to explore the implications of integrating GB principles, as well as sustainable 

financing pathways, into a new framework for affordable rental housing (referred to as the GB-

AHBA).  

The research postulates two interrelated concepts. First, it explores the link between the 

operational utility efficiency of residential rental housing and affordability outcomes for low- and 

middle-income households, and also examines how ongoing operational utility efficiencies, 

achieved through GB principles, can improve the efficacy of government social support schemes 

as a system. Second, it identifies plausible policy-level debt-financing benefits of a transition to 

GB practices in affordable housing policy, through emerging alternative sustainable financing 

avenues – specifically green bonds. The widescale adoption of a GB mandate supported by a 

policy framework similar to the AHBA offers opportunities for both improving the operational 

efficiency of affordable rental housing, and engagement with plausible financing efficiencies 

through the green bond market. 

Through a participatory systems model building process, the dynamics of the AHBA, including 

associated factors, are simulated using a system dynamics (SD) model. The aim of the model is 

to analyse the outcomes of two approaches: a BAU approach (BAU-AHBA) and a GB approach 

(GB-AHBA), which includes changes based on the predefined concepts. Expected outcomes for 

environmental, social, and economic performance indicators are analysed. The context of the 

research is within the South East Queensland (SEQ) region of Australia. 

This research has benefited from an industry partnership with the Australian National Affordable 

Housing Consortium, a key player in the distribution of government-backed housing welfare 

schemes in Australia. 

The research is organised under the following three objectives and four research questions: 
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Objective 1 – To assess the value of GB principles in the context of affordable housing policies 

in SEQ. A case study of an affordable housing development in Yeronga, Brisbane is undertaken. 

• RQ1 – What are the financial benefits of green building from the perspective of low-

income tenants and policy makers? 

• RQ2 – What kind of affordable housing policy would enable these benefits to be shared 

(avoiding split-incentives) among stakeholders in affordable housing? 

Objective 2 – To understand funding implications for ‘green’ policies through alternative 

financing mechanisms (green bonds) and how government initiatives may benefit from emerging 

socially responsible investment avenues within capital markets. 

• RQ3 – Could an Australian government backed ‘green housing bond’ achieve favourable 

financing terms over a standard equivalent? 

Objective 3 – To develop an SD model for understanding the broader impacts and influences of 

alternative government-supported affordable housing policies, which mandate green-certified 

buildings, and to model its impact on a variety of stakeholders and influences on broader 

economic, environmental, and social realities. Changes to affordable housing policy are assessed 

from a holistic view. 

• RQ4 – How do GB policies change the dynamics of the system, and how can outcomes 

be optimised? 

It is envisaged that typical models for the delivery of housing assistance to low-income 

households could be adapted to retain ongoing operational utility efficiencies made possible by a 

focus on green-certified buildings. To adequately quantify this impact, it must be examined as a 

system with many moving parts, impacts, and influences. 

1.4 Research design and method overview 

According to Easterby-Smith et al. (2012), it is necessary to define a philosophical approach to 

clarify the research design and strategy which guide hypotheses to research questions and the 

potential research outcomes. This research investigates practical concepts (ie. Residential utility 

efficiency and related themes) which are rooted in pragmatist and positivist philosophical 

approaches. Together, these approaches form the epistemological stance of this study (Saunders, 

2012).  
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To achieve the aforementioned study objectives and answer the research questions, a mixed-

methods approach is undertaken. This PhD thesis has been designed as a series of published 

papers, each of which address a related theme. A high-level overview of the research design has 

been provided in this section, which is further detailed in Chapter 3:. 

1. Literature review. A thorough assessment of the current and proposed affordable housing 

policies in Australia and internationally is undertaken. The literature review is used as a 

basis to identify the research gaps and opportunities for integrating GB practices within 

existing and emerging affordable rental housing schemes. The review includes an 

analysis of the international and domestic green bond market, which has been found to 

offer plausible financing cost efficiencies within primary and secondary green bond 

markets. A new ‘green’ affordable housing framework is then conceptualised. The 

literature review is compiled in Chapter 2: of this thesis. 

2. Foundation studies. 

2.1 GB impact case study. To establish a meaningful dialogue on innovations in 

future affordable housing policy, it is useful to first identify the plausible benefits 

of pursuing a GB mandate within a typical affordable housing development in 

SEQ. To address this goal, a case study is selected, representing an affordable 

housing development in Yeronga, Brisbane. From the design stage, two scenarios 

are analysed to determine the estimated household utility savings and their 

underlying impact on overall ‘housing affordability’ between a ‘BAU’ and a 

‘green-certified’ case over a 10-year rental tenancy. The analysis includes an 

examination of the Net Present Value (NPV) of GB improvements. The broader 

impacts and influences on key stakeholders are also considered. The case study 

serves as a foundation for key metrics that will be used in the systems model 

while establishing a case for the viability of changes to existing affordable 

housing delivery policies. 

2.2 ‘Green’ affordable housing bond assessment. Financing cost benefits of green 

bonds are investigated through a systematic literature review of influential 

studies that have investigated the green premium. The aim of the review is to 

establish a consensus among existing literature published from 2007 to 2019 on 

the existence – or nonexistence – of a green premium or ‘greenium’ in the Green 

Bond market for primary and secondary markets. The study establishes how a 

green bond, compared with a conventional government bond, may positively 

influence financing mechanisms within proposed policy changes to the AHBA 

model. 
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3. SD model development. 

2.1 Model conceptualisation. Building on the progress of the initial stages, 

stakeholders are engaged to aid in the conceptual development of an SD model 

based on the AHBA policy framework. The aim of the model is to examine two 

policy scenarios: a ‘BAU’ scenario and a ‘GB’ scenario. Building on earlier 

foundation studies, the purpose of the model is to examine how a mandate on GB 

standards and the inclusion of sustainable financing impact the outcomes of the 

scheme in the context of broader social, environmental, and economic objectives. 

2.2 Model building. Quantitative factors are organised into a stock-and-flow SD 

model. The process is supported by a robust literature review and ‘sense checks’ 

through monthly stakeholder engagement workshops. 

2.3 Model testing, calibration, and validation. In this step, the model is tested to 

ensure it is realistic and matches real-world expectations. Model testing, 

calibration, and validation are approached through three principle methods for 

this research. These include (1) parameter validation through comparing the 

model component outcomes with existing literature; (2) extreme conditions 

testing to ensure the model behaviour is responsive and representative of real-

world behaviour under extreme conditions; and (3) expert stakeholder validation 

for local inputs and behaviour. 

2.4 Scenario analysis. In this final dynamic stage, simulations are analysed and 

compared between the BAU and GB scenarios. Several policy recommendations 

are presented, which are based on a sensitivity analysis of alternate policy 

settings, with the objective of delivering favourable outcomes to all stakeholders. 

1.5 Research scope 

The research study was conducted within the following scope: 

• It focuses on Australian affordable housing policy. The emerging AHBA policy model 

and its implications for regional housing supply, energy, water, and gas consumption and 

costs, including carbon emission implications for the SEQ region, are investigated. 

• The study investigates Australian-based green certification schemes. Green Star-certified 

residential developments are considered the primary benchmark for GB. A rating of 4 

stars or above is considered the minimum targeted rating. 

• The study explores phenomena surrounding the green premium in green bond prices only. 

It does not cover social or sustainability bonds. 



Chapter 1 - Introduction 

9 

 

• The focus of the study is within the SEQ region of Australia. 

• An SD model is developed, which analyses a BAU versus GB affordable housing 

framework. 

• The research draws on a comprehensive literature review supported by expert stakeholder 

input. 

1.6 Research novelty and significance 

The novelty and significance of this PhD research are as follows: 

• It presents the first use of an SD model for examining the plausible outcomes of the 

AHBA model in the SEQ context. With modification, the model is scalable for examining 

similar regions and housing outcomes. The novel structure of the model adds to the 

(limited) literature on housing policy analysis using the SD methodology. 

• A novel affordable housing framework is introduced, which integrates both GB and 

sustainable financing principles into the context of nationally significant affordable 

housing policy. 

• It expands affordable housing policy research – particularly in the Australian context. 

• It presents the first systematic literature review to organise studies that have examined 

green bond pricing characteristics in the primary and secondary markets. 

In addition, tailored policy suggestions are formulated to improve the affordable housing policy 

outcomes to a broad range of government KPIs. The policy recommendations made herein seek 

to improve government decision making as well as to help to shape future affordable housing 

policy in Australia by taking a holistic, systematic view. 

Affordable housing research is a multidisciplinary field that extends across a broad range of 

social, political, economic, and environmental sciences and comprises unique qualitative and 

quantitative observations. The spatial heterogeneity of housing research creates opportunities for 

outputs that are subjectively diverse. However, the complexity of affordable housing policy 

analysis has resulted in limited research in this field. Advanced modelling techniques such as SD 

are rarely applied to affordable housing policy research, although a few examples exist in 

international studies, which have been identified in the literature review of this thesis. However, 

this is the first study to apply a systems modelling approach to affordable housing policy in the 

SEQ region, and to test the influence of integrating GB mandates and sustainable financing 

sources (green bonds). 
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1.7 Structure of the thesis 

This thesis comprises seven chapters. Chapters 1, 2, 3, and 7 are traditional thesis chapters, while 

Chapters 4, 5, and 6 are reformatted peer-reviewed journal publications (or journal articles under 

review). Chapter 2 explores the relevant literature and introduces the conceptual basis of the thesis 

through a proposed policy framework. Chapter 3 identifies the research methods and stages of 

the thesis. Chapter 4 comprises a journal article published in Housing Studies by MacAskill et al. 

(2019). The chapter outlines the first foundation study, which investigates the value of GB 

principles within the context of the SEQ region through a case study. Chapter 5 comprises a 

journal article submitted to the Journal of Cleaner Production (minor revisions received, 

resubmitted September 2020), which investigates plausible financing efficiencies within the green 

bond market through a systematic literature. Chapter 6 comprises a journal article, also submitted 

to and under review by the Journal of Cleaner Production (2020), which synthesises the 

foundation studies into an operational SD model to forecast outcomes of the conceptual ‘green’ 

affordable housing framework. Chapter 7 concludes the thesis and summarises the core outcomes, 

contributions, limitations, and future research opportunities. Details of Chapters 2–6, which form 

the core of the thesis, are outlined in detail below. 

Chapter 2 explores the literature pertinent to this research and how these concepts have formed 

the conceptual basis of the study, which is presented as a policy framework. The literature review 

is organised under four themes. First, affordable rental housing policy is outlined. The review 

includes applied and theoretical affordable housing policy examples within Australia and 

internationally. Second, the green bond market is defined and core concepts explained. Third, the 

concepts of GB within affordable housing are outlined. Lastly, a research gap including the 

proposed SD methodology is explored. The section concludes with a summary and an 

introduction to the proposed affordable housing policy structure that forms the conceptual 

foundation of this research. 

Chapter 3 focuses on the research methodology. It describes the main research activities, 

including outputs from each stage of the research. The study builds on two foundation studies and 

a final synthesis study. A mixed-methods approach unique to each study is described, including 

an overview of the system dynamics methodology. 

Chapter 4 outlines the first foundation study. It responds to objective 1 of this research, which is 

to assess the value of ‘green building’ principles in the context of affordable housing policies in 

SEQ. A brief literature review introduces the study and its context within demand- and supply-
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side affordable housing schemes. The methodology, details of the case study, and key data sources 

are then introduced. Next, results of the analysis are presented, which outline the estimated value 

of GB principles compared with BAU building practices in SEQ. Estimated tenant utility 

consumption and cost savings are detailed, as are their implications for affordable housing policy. 

The chapter concludes with a discussion that details preliminary policy considerations and 

implications for future affordable housing policy. 

Chapter 5 constitutes the second foundation study. It forms the foundation of a response to 

objective 2 of this research, which is to understand funding implications for ‘green’ policies 

through alternative financing mechanisms (green bonds), and to understand how government 

initiatives may benefit from emerging socially responsible investment avenues within capital 

markets. The chapter begins by introducing the green premium phenomenon, including its 

implications. A brief literature review explores plausible drivers of the green premium 

phenomena. Next, the systematic literature review methodology is outlined. The review 

establishes a consensus on the green premium, including determinants outlined in the proceeding 

results section. A generalised discussion and conclusion are developed, of which core concepts 

are carried forward into financing implications for the synthesis study included in Chapter 6. 

Chapter 6 synthesises the core findings of the foundation studies into an SD model. The purpose 

of the chapter is to integrate and expand on the core findings of the foundation studies to test the 

proposed green affordable housing framework (GB-AHBA) compared with the BAU (BAU-

AHBA) approach. This study responds to objective 3 of this research, which is to model [the 

impact of the GB-AHBA] on a variety of stakeholders, [including] influences on broader 

economic, environmental, and social realities. The chapter proceeds by outlining the 

methodology of each stage of the modelling process. Next, details of the conceptual and practical 

function of the SD model are outlined, which are organised into three models (the housing, 

finance, and operational cost models). Model simulation results are organised into affordable 

housing outcomes, green-financing benefits, and operational utility outcomes. Lastly, the chapter 

outlines policy opportunities for improvement and study implications. 

Chapter 7 concludes the thesis with an overview of the key research objectives and outcomes, as 

well as the main theoretical, methodological, and practical contributions. Research limitations 

and future research directions are identified, followed by a closure statement. 



Chapter 2 – Literature review 

12 

 

 

Chapter 2: Literature review 

2.1 Introduction 

A review of theoretical and applied knowledge was undertaken in the form of a comprehensive 

literature review. The purpose of this section is to provide further detail on the proposed concepts, 

research gap and proposed methodology, and the conceptual framework of this research. Stand 

alone literature reviews have been outlined within Chapters Chapter 4:,Chapter 5: and Chapter 6: 

which form publication outputs of this thesis. The review has included resources from academic 

literature, industry and government reports. To understand the context of the problem, and 

theoretical and applied solutions that have been proposed, the first stage of the review has been 

to investigate affordable rental housing policy. An overview of governance and policy approaches 

and more specific theoretical and applied proposals for addressing housing affordability issues to 

rental households have been investigated. An introductory review into the emerging green bond 

market has been addressed, with further analysis included in a systematic literature review, which 

has been outlined in Chapter 5:. Investigations into the linkages with GB principles and affordable 

housing have been outlined which have shaped policy considerations proposed in this research. 

Lastly, the review organises these concepts to identify and expand upon a research gap and the 

proposed methodology. Figure 3 visualises the organisation of the literature review. 

 

Figure 3 - Structure of the literature review 

Contextually, the research builds on past, present and proposed examples of Affordable rental 

housing policy. Proposed changes are supported by an observational review of literature which 
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has explored concepts of GB practices and sustainable finance (most notably green bonds).  The 

focus of these sections is to provide supporting literature for research questions 1,2 and 3.  

Together, these contextual and observational themes shape the research approach and proposed 

methodology. Building on the concepts identified in the review, a ‘green’ affordable housing 

policy framework is proposed as the conceptual basis of this research. The review leading up to 

the policy framework proposal discusses existing knowledge, theories and applications relevant 

to research question 4.  Building on the foundation studies in Chapter 4: and Chapter 5:, the 

framework is assessed in Chapter 6:.  

2.2 Affordable rental housing policy  

2.2.1 Introduction 

Researchers and governments have proposed numerous polices to address housing affordability 

issues. Broadly, housing assistance schemes can be characterised by demand- and/or supply-side 

approaches (Berry and Hall, 2005). Demand-side assistance provides support to low-income 

tenants, either in the form of cash payments or housing vouchers. Supply-side assistance provides 

government funding for the expansion of dwelling stock provided at less than market rates to 

eligible residents (Berry and Hall, 2005; Oxley, 2012), in many cases through meeting investor 

yield criteria to attract investment into the scheme. There is a long withstanding debate on which 

approach is superior (Sa-Aadu, 1984; Galster, 1997), though there is no clear consensus for all 

contexts. Numerous studies suggest a consideration of both approaches according to local housing 

market conditions (Jacobs, 2015; Yates and Whitehead, 1998; Sa-Aadu, 1984). 

In Australia, a widely recognised issue within affordable housing policy is a lack of institutional 

investment. Bond-financed affordable housing delivery models, or, Housing Supply Bonds 

(HSB’s) are believed to offer the appropriate size, liquidity and risk-adjusted returns required by 

institutional investors- whose participation in future schemes is much needed (Lawson et al., 

2014; Lawson et al., 2009). Bond-based models have been the primary focus of much of the 

literature covered in this review. 

The following sections contextualise theoretical schemes proposed by academic research, and 

applied examples which have been implemented within Australia, and internationally. The review 

provides context to the revised ‘green’ affordable housing framework, which is used as a basis 

for this thesis, and is presented at the end of this chapter. 
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2.2.2 Theoretical proposals for affordable housing supply in Australia 

The consensus of market experts has been that there is a need for institutional investment into the 

affordable housing sector. Several bond-based models have been proposed in the Australian 

context, which include the ‘Equity Bonds Model’ (National Housing Strategy, 1992) and the 

‘Consortium Model’ developed by the Affordable Housing National Research Consortium (Hall 

& Berry, 2006), described herein. These earlier theoretical proposals for affordable housing 

supply have helped to inform applied models which have recently been implemented, such as the 

AHBA which is described in later in this review. 

2.2.2.1 The Consortium Model 

The ‘Consortium Model’ was introduced in 2001 by the Australian based, Allen Consulting 

Group. This model is supported by a fixed interest, long-term (20 year) debt instrument in the 

form of state issued government bonds. The aim of the model was primarily to tap into Australia’s 

burgeoning superannuation funds. Funds raised would be used by state housing authorities (or 

allocated to other regulated providers) to acquire dwellings, which would be rented to low- and 

middle-income tenants at rents set to 25% of income. The Commonwealth Government would 

provide outlay subsidies to housing providers for the difference between rents and the full cost of 

provision, including the cost of loan funds. Regular bond issues would be limited by the amount 

of funding made available by the Commonwealth. Properties would be turned over after 20 years 

to retire the debt, or new bonds could be issued (Berry, 2003). 

The consortium model provided a number of advantages. Firstly, the model offered a favourable 

degree of leverage on government subsidies. Modelling suggested that for every dollar of 

government subsidy, AUD $4.50 of housing would be provided (Berry, 2003). Another advantage 

was a limitation on risk exposure for the Commonwealth Government, since their financial 

exposure is capped upfront at each tranche of support. The model also meets key criteria for 

institutional investors, who require investments of appropriate scale, liquidity and risk adjusted 

returns by purchasing state government bonds. The majority of the financial and operating risks 

are borne by the state government and public housing agencies, arguably increasing the efficiency 

of the system. 

Whilst the consortium model presents several advantages, there are several key disadvantages. 

The concentration credit of risk on state governments, in applying public borrowing towards 

social housing versus other priority areas of social and economic infrastructure is an area of 

contention. Another disadvantage of the model was the need to sell off the stock to redeem debt 
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and thereby manage re-housing of sitting tenants. The Consortium Model assumes dwellings 

required to house social housing tenants are initially purchased from the proceeds of a bond 

issuance and that as time goes on the proceeds of sales of the dwellings is used to repatriate the 

principal owed on the bonds and to provide for any operational shortfalls (Hall et al, 2001).  

2.2.2.2 The Equity Bonds Model 

The ‘Equity Bonds Model’ proposed by Yates, introduces the idea of an independent corporation, 

or trust, to issue standardised equity bonds that are indexed to changes in house prices is needed 

within affordable housing policy. Finance raised would be used by non-profit organisations to 

provide dwellings at below market rents to low income renters, who would also be assisted by an 

adequate and secure rent allowance. This proposal aimed to provide a tradeable bond, suitable for 

large-scale investors, that is linked to actual price movements in the housing portfolio of non-

profit organisations (such as community housing providers). The bonds were to provide investors 

in social rental housing with the same return on their equity as was available (on average) to 

investors in tax-advantaged, owner-occupied housing. The proposal to establish an independent 

corporation was a response to the inefficiencies that arose from the complex and costly 

administrative structures that had been used previously to raise off-budget finance for social 

housing in Australia. The use of a special purpose corporation has a number of advantages for 

both performance and efficiency. These include removal of uncertainties about tax rulings which 

had been problematic for past financing initiatives, and targeted financial and legal expertise 

isolated from state or federal government liabilities (Lawson et al., 2009).  

The Equity Bonds Model faced several political and logistic challenges which prevented its 

implementation. At the time the Equity Bond Model was proposed (1994), house price derivatives 

for which the equity bonds could be tied to, did not yet exist in Australia (Lawson et al., 2009). 

In addition, the community housing sector within Australia was largely un-regulated and 

undeveloped at the time, which increased the risk profile of the model.   

2.2.3 Applied models for affordable housing supply internationally 

The following section provides an overview of the function of the Austrian ‘Housing Construction 

Convertible Bond model’ and the Swiss ‘Co-operative housing bond model’ which been applied 

internationally. 
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2.2.3.1 The Austrian 'Housing Construction Convertible Bond' model 

The Austrian 'Housing Construction Convertible Bond' (HCCB) model, raises capital through the 

sale of bonds to the debt capital market. Funds raised are used to fund a well-regulated and broadly 

accessible social housing sector; delivered via a mix of regulated limited profit housing companies 

and private providers.  

The HCCB model provides support to limited profit housing companies and private providers 

though subsidies in the form of discounted land, public loans, grants and tax relief. Typically, 

rents for low income tenants are fixed annually and balanced at the end of the year (Lawson et 

al., 2009). Should a tenant’s income fall below that required to pay for adequate housing, rent 

assistance is available through regional government. Rent revenues are intended to be enough to 

repay the annuity of the capital loan, as well as the interest on the public loan (Neuwirth, 2004). 

Austrian social housing is financed via capital market loans (30 to 50%); public loans (30 to 40%); 

equity of the developer (around 10%, mostly land); additional subsidies and sometimes the equity 

of future tenants (0 to 10%) (Nieboer et al., 2009). Private mortgage finance, comprising up to 

50%, is largely raised through the sale of bonds via private Housing Banks. 

In 1993, the government passed a number of laws which incentivised the purchases of HCCB 

bonds through a taxation benefit. The loan process was streamlined to channel investment capital 

which had been raised through the sale of bonds directly to increasing the development of new 

affordable housing. Funds raised through the sale of bonds were required fund affordable housing 

projects through registered social landlords. This legislation enabled several major banks to create 

subsidiaries, called Housing Banks, with preferential underwriting criteria over the prevalent 

Basel accord (asset holdings requirements were reduced on classic mortgage loans from 8% to 

4%). This enabled Housing Banks to operate with lower transaction costs and deliver 

approximately 1.5 billion EUR annually towards financing new housing and retrofits (Lawson et 

al., 2009).  

2.2.3.2 The Swiss Co-operative housing bond model 

The Swiss Bond Issuing Cooperative (BIC) was established in 1990 to raise funds for non-profit 

housing entities that have formed a cooperative.  The BIC operates via an umbrella organisation; 

the Federal Office of Housing (FOH). The FOH is one of the primary organisations responsible 

for new bond issuances. Overall, the BIC raises approximately 200 million CHF annually which 

delivers modest but strategic support to assist the social housing sector to access small loans and 

additional private funds (FOH, 2006). Institutional investors, such as pension funds and insurance 
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companies, are attracted to BIC bonds by the state guarantee and high credit rating (AAA). The 

BIC delivers financing towards affordable housing through small low-interest loans which are 

competitively allocated from a revolving fund that contributes around 5% of total project costs. 

The federal government secures all loans released by a Bond Issuing Cooperative for Non-Profit 

Builders.  

2.2.4 Applied models for affordable housing supply in Australia 

In Australia, applied models for affordable housing supply have evolved in recent years. The 

phase out of the ‘National Rental Affordability Scheme’ (NRAS) has been replaced by a federal 

bond-based model, namely the ‘Affordable Housing Bond Aggregator’ (AHBA), which follows 

the theoretical and applied principles from academia and international examples described in this 

review. These have been described in this section.  

2.2.4.1 National Rental Affordability Scheme 

The National Rental Affordability Scheme (NRAS) was introduced in Australia in 2008 with the 

aim to deliver 50,000 new dwellings to increase the supply of affordable housing stock. It is a 

$623 million AUD Australian Government initiative, delivered in partnership with states and 

territories. The scheme incentivised property developers, not-for profit organisations and 

community housing providers in addition to private investors with a financial incentive for each 

unit provided, for up to ten years. Incentives were delivered as an annual tax offset certificate, or 

direct payment scheme. In exchange housing providers are to provide affordable rental dwellings 

at least 20 per cent below market rates to eligible households. NRAS has succeeded in delivering 

up to 38,000 properties as of June 2016, although the program is being phased out; the last 

properties coming out of circulation within the next 10 years (DSS, 2016). An overview of the 

NRAS scheme is visualised in Figure 4. 
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Figure 4 - NRAS Affordable Housing Policy Framework. 

Source: Author 

The scheme focused on private sector funded ‘build-to-sell’ financing models for affordable 

housing developments. NRAS has been generally regarded as a success in terms of delivering a 

supply of new affordable housing options to market; however, it has largely failed to attract 

substantial institutional investment due to insufficient scale, scheme longevity and consistency 

(Rowley et al., 2016).  

2.2.4.2 The Affordable Housing Bond Aggregator Model 

In the 2017 Australian federal budget, the ‘Affordable Housing Bond Aggregator’ was 

announced. The AHBA, has its foundations in exemplar EU cases and academic research which 

have been described in this section. Bonds issued under the AHBA model are on the federal 

balance sheet, therefore mitigate for credit risks at the state level which had been identified as a 

significant drawback of the Consortium model proposal. 

The AHBA is administered by a corporate commonwealth entity; the ‘National Housing Finance 

and Investment Corporation’ (NHFIC). The NHFIC has been established under the National 

Housing Finance and Investment Corporation Act 2018. One of the core objectives of the AHBA 

scheme is to increase the total supply of affordable housing stock across Australian states and 

territories. This is to be achieved by offering low-cost, long term financing options to community 
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housing providers (CHP’s) through the issuance of government backed housing bonds. Funds 

raised on the bond market are loaned to approved CHP’s, who in turn deliver and operate 

affordable rental housing, typically at a lower than market rate, to eligible low- and middle-

income households. NHFIC funds AHBA loans by issuing its own bonds into the wholesale 

capital market, which in its first two years of operation, has so far issued over AUD $450 million 

in loans CHP’s around Australia. The introduction of the AHBA is a significant turning point in 

the policy landscape of Australian affordable housing and is the basis for the green affordable 

housing framework which is proposed in this research.  

An overview of the Australian affordable housing bond aggregator framework is visualised in 

Figure 5 below: 

Source: Author 

2.2.5 Summary 

In Lawsons 2009 study, four key characteristics attributing to the success of the international 

models were singled out. (1) The establishment of financial intermediaries (such as the Housing 

Banks in Austria, the Bond Issuing Cooperative in Switzerland and the recently established 

National Housing Finance and Investment Corporation (NHFIC) in Australia); (2) the 

development of a long term financing instrument (such as a bond),  with backing from the 

government; (3) The delivery agents for the application of funds are regulated, and in compliance 

with prescribed requirements and codes; and lastly (4) there is consolidation of the various 

government policies and efforts which support the affordable housing problem.  

Figure 5 - Australian affordable housing bond aggregator framework. 
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The introduction of the AHBA has combined concepts of the theoretical and applied models of 

affordable housing delivery models, with changes that mitigate these identified shortcomings.  

Internationally, bond-based models have had a meaningful impact on the affordable housing 

supply within international examples where their application has been long-standing. The 

Australian AHBA is expected to deliver similarly impactful change to affordable housing supply 

in Australia in the coming decades.  

With these key characteristics in mind, this thesis therefore engages with the AHBA model, 

proposing minor modifications (such as GB mandates and green bond financing). The policy 

changes explored in this thesis are outlined in section 2.6.  

2.3  The Green bond market 

2.3.1 Introduction 

The previous section highlighted the increasingly important role of the bond markets in the 

provision of affordable housing. As bond-based financing models continue to form a prominent 

part of the affordable housing sector, it is useful to explore emerging subsets of the bond market 

in search of further opportunities. 

Evidence from the explosive growth of climate-aligned investments in the past decade, most 

notably ‘Green Bonds’, has demonstrated a clear unified momentum towards pro-environmental 

preferences for both bond issuers and investors alike. This thesis explores the notion of 

introducing mandatory residential GB certification within Australian affordable housing policy, 

which includes an investigation into ‘climate-aligned’ investment pathways- such as green bonds. 

This section provides background information on the green bond definitions, the growth of the 

market, and literature on how they differentiate from regular bonds. A detailed systematic 

literature review is included in Chapter 4:, which outlines academic literature that has investigated 

the green bond market.  

2.3.2 What are Green bonds? 

‘Green bonds’, also (less commonly) referred to as ‘Climate bonds’, are a type of fixed income 

financial instrument for raising capital through the debt capital market (KPMG, 2015b). They are 

issued to raise capital specifically for ‘green investments’ or ‘green infrastructure’ or more 

generally, for those investments which are allocated towards low-carbon and climate-resilient 

(LCR) means, including renewable energy, GBs, clean transportation, sustainable waste 
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management, sustainable land use and biodiversity (Bank, 2015). Currently, there is no single, 

agreed definition, although the term ‘Green Bond’ is developing as an identifier for bonds which 

meet specific low-carbon or climate-resilient investment criteria or intent, within a much larger 

universe of bonds. Green Bonds and Climate Bonds follow a similar mandate, in support of 

environmental or climate aligned projects- however as the market matures, the term ‘Green’ Bond 

is becoming the standard identifier to distinguish them against other bonds (Kidney, 2019). Green 

Bonds share characteristics with regular bonds. They are evaluated on financial characteristics 

including (such as maturity, coupon, price, and credit quality of the issuer), however green bonds 

are subject to an additional scrutiny relating to the environmental goals that the bonds intend to 

support. Green bonds co-exist with ‘sustainability’ and ‘social’ bonds, which all follow a similar 

‘socially responsible’ mandate, however the latter have a broader focus on social projects, such 

as food and water security, waste management, among others. 

2.3.2.1 Green bond market growth 

The introduction of the first green bond in 2007 was the start of a formalised process to connect 

capital markets to low-carbon investments with measurable, and often verified2 environmental 

outcomes. Investors are seeking greater clarity in the allocation of funds towards climate-aligned 

initiatives, particularly funds (or portions thereof) which are dedicated to socially responsible 

investment (SRI) criteria. Large institutional investors- such as pension funds, university 

endowments and sovereign wealth funds are increasingly looking for investments which meet 

socially responsible investment criteria (CBI, 2014). Figure 6 represents the growth in annual 

green bond issuances from 2007-2019. In the four years leading up to 2019, global green bond 

issuances recorded a fivefold increase, reaching over US$ 257 billion annually (CBI, 2019), 

issuances are expected to reach US$ 1 trillion per year by 2030 (Fatin, 2019). 

 

2  Third party verification is emerging as a standard on many new Green Bond issuances. Proceeds are tracked and 

reported upon. There are developing standards through the Climate Bonds Initiative and the International Capital 

Management Association. 
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Figure 6 - Green Bond Annual Issuances, 2007-2019. 

Source: Climate Bonds Initiative, 2019. 

The Climate Bonds Initiative (CBI) is an international, not-for-profit organisation aims to 

facilitate the growth and development of the Green Bond Market. The CBI categorises bonds 

investments within the ‘climate-aligned’ universe under the following seven categories: (1) 

Transport; (2) Energy; (3) Transport; (4) Buildings & Industry; (5) Water; (6) Waste & Pollution 

Control; and (7) Agriculture & Forestry. Use of Green bond proceeds for the ‘Buildings & 

Industry’ sector, which includes financing for low-carbon buildings is growing, accounting for 

approximately 30% of total issuances (CBI, 2018).  This category captures bonds financing 

improvements in energy efficiency in buildings or products, typically characterised by those 

buildings which have been certified by internationally recognised GB rating systems- including, 

but not limited to: BREEAM, LEED and Green Star.  

2.3.3 Delivering value: Green bonds vs. Conventional bonds 

Recent literature exploring the green bond market has suggested the notion of a ‘green premium’, 

or ‘greenium’ (the terms are used interchangeably), which is defined as the difference between 

the yields on a conventional bond and a green bond with similar characteristics (Agliardi & 

Agliardi, 2019). A ‘greenium’ implies that the yield an investor is willing to accept for a ‘green’ 

asset is lower than that of conventional counterparts. In the primary market, where new bond 

issuances are offered to the market, these price differentials are represented in a higher price for 

a green bond than for a CB on the issue price. On the secondary market, after bonds have been 

issued, they are traded freely on the open market and are subject to price movements. In other 

words, the presence of a negative greenium in either primary or secondary markets would imply 
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that a green bond is trading at a lower yield (or higher price) versus a conventional bond of similar 

characteristics; this means that a pro-environmental investor would be willing to accept a lower 

yield by the issuer in exchange for the opportunity to invest in green investments. This 

phenomenon has implications for the affordable housing sector, and in particular, for affordable 

housing models with their foundations within the bond market. The presence of the green 

premium within the primary market has implications for reducing financing costs on loans 

provided by the government to community housing providers. In the context of the AHBA, a 

mandate on ‘green’ residential buildings could engage with the green bond market, since loans 

provided to CHP’s would be underwritten as form of ‘low-carbon’ debt security.  

The ‘greenium’ provides a compelling case for the use of green bonds within the context of 

Australian affordable housing policy. Should future policy transition to integration of GB 

principles for affordable housing delivered, lower financing costs contribute to negating GB cost 

premiums. This thesis engages with a systematic literature review which has investigated the 

green premium, which are further analysed in Chapter 5:, which has included a systematic 

literature revealing green bond pricing determinants versus conventional bonds. 

2.4  Green building principles  

2.4.1 Introduction 

This chapter focuses on literature which has investigated GB concepts within affordable housing. 

It is useful to establish a comprehensive understanding of GB ideologies, opportunities and 

constraints in selecting appropriate measures as a basis for a policy change.  

2.4.2 Increasing utility costs and awareness of ‘Green Building’ benefits 

In Australia, rental housing costs are not limited to rental payments for tenants. Rising utility costs 

are increasingly forming a larger portion of overall housing expenditure for average Australian 

households (Liu & Judd, 2019). Low- and middle-income households are most affected, since 

utility expenses form a larger portion of their gross income. Rising utility costs have significantly 

impacted rental households who often are unable to benefit from utility cost reduction measures 

such as solar hot water, PV generation and water saving retrofit measures; impacts on gas 

consumption are often correlated. These issues are particularly evident in the rental market due to 

a mismatch of split-incentives (Bird & Hernández, 2012). 
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Residential utility costs have been escalating at a greater rate than the consumer price index in 

Australia, further exacerbating the housing affordability problem (ABS, 2016). Electricity prices 

have experienced a compound annual growth rate of 8 per cent since 2007, which was more than 

twice that for wages growth (3.1 per cent) and CPI (2.4 per cent) (ACCC, 2017). These increases 

are consistent with gas and water retail costs (ABS, 2016a). Electricity prices have increased 63% 

in real terms (adjusted for inflation) during the 2007-2017 period. On the basis of the CPI, retail 

electricity prices have increased 80-90% in real terms in the past decade (ACCC, 2017); outlined 

in Figure 7.  

 

Figure 7 - Retail energy price index (inflation adjusted) – Australian capital cities 1990-2017 

Source: (ACCC, 2017) created from data from the ABS, Consumer Price Index 6401.0. 

 

There has been a consistent and growing body of research on ‘green certified buildings’ which 

has suggested that operational efficiency improvements present a competitive business case in 

terms of annual rate of return, when compared with ‘business as usual’ building practices (Collins 

& Curtis, 2018). Compressing investment yields in other sectors have increased the attractiveness 

of investments in this sector, with long term dividends being paid through a reduction in 

operational utility expenses. Energy and water efficient buildings represent a stable asset class, 

which can deliver value over a long lifecycle (often 100 year design case).  
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2.4.3 Green building principles and affordable housing 

It is important to understand the key indicators, from a broad level, of what constitutes ‘green’ 

affordable housing (Pullen et al., 2010). Arman (2009) defines green affordable housing as 

“housing that is better designed and built, more durable, not significantly more expensive, cheaper 

to operate, healthier, more environmentally sound, and less risky”. It is housing that is said to 

have “strong and inter-related economic, social and environmental components” (Arman et al., 

2009). A broad stroke definition can lack aim and clarity. Therefore, ten characteristics are 

considered to reflect key criteria for green affordable housing. These include: 

Table 1 - Key criteria of green affordable housing (Arman et al., 2009) 

Item Description 

1. A product where the rent or mortgage repayments do not exceed 30% of household incomes for 

the bottom 40% of income groups. 

2. A product that is appropriately located. 

3. A product that is of a suitable size and quality for its occupants. 

4. A product that does not increase the incidence of housing stress over the lifecycle of the house. 

5. A product where individual and government financial obligations can be met on an ongoing 

basis without policy change. 

6. A product that is socially acceptable. 

7. A product that does not increase social exclusion or polarisation. 

8. A product that is located on a site that minimises biodiversity losses. 

9. A product that is located on a site that maximises low-energy transportation options. 

10. A product that encompasses the following environmental features 

Energy efficiency; 

Passive solar design; 

Sun shading; 

Water conservation 

Appropriate waste management during construction, occupation and deconstruction 

MacKillop (2013) introduces the idea of ‘sustainable housing as a basis for affordable housing’ 

in Australia (MacKillop, 2013). At its core, ‘sustainable’ or ‘green building’ practices are targeted 

to conserving resources; environmental, economic and resources of social welfare (wellbeing). 

These metrics are reflected in reductions in utility bills, transportation costs and health care 

(Roufechaei et al., 2014). Mackillop applies empirical research, including a systematic literature 

review which examines ‘sustainability’ in a broad context including larger issues surround urban 

planning, safety and transport. The concepts have been carried forward in international iterations 

in China and the UK (Hu et al., 2015; Mulliner & Maliene, 2015).  

2.4.4 Utility cost and household income 

Buchs et al. find that lower-income households are more affected by increases in their share of 

utility costs on total disposable income than higher income households because of the inherent 
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inelasticity of utility consumption (Büchs et al., 2011). Buch posed that individual households are 

limited to what can be done for coping with increasing utility prices. Two options are available; 

reduction in general consumption level, or by consuming utilities in a more efficient way (such 

as habits for reusing dish water, limiting air conditioning use and lighting). Reducing operational 

utility consumption behaviour for lower income households often means a reduction in general 

comfort (Schaffrin & Reibling, 2015). Lower-income households living in less efficient buildings 

become increasingly at risks of energy poverty, social deprivation, isolation and ill health if prices 

on electricity and energy for heating purposes rise (Harrison & Popke, 2011).  

In Schaffrin & Reibling’s 2015 study, the housing energy expenditures between low- and high-

income households were examined across several European countries (Denmark, Austria and the 

UK). It was found that UK households, whilst benefiting from the cheapest energy cost- 

consumed the most energy due to low quality, inefficient building stock. Low income households 

were most impacted by rising energy prices as a proportion of their disposable income, therefore, 

efforts to shield these households from these price increases is needed in future policy changes. 

 

Figure 8 - Share of housing costs on disposable income per income quintile. 

Source: Compiled from data from the European Community Statistics on Income and Living Conditions 

(EU-SILC) 2005–2008 report (Schaffrin & Reibling, 2015). 

 

There has been relatively little quantitative work focused on utility costs as a proportion of 

household income for Australian low- and middle-income households.  This research seeks to 

address this research gap by providing an analysis of utility consumption and cost patterns for 

low- and middle-income households in the SEQ region of Australia. The analysis, including a 

broadened literature review is included in Chapter 4:. 
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2.4.5 Barriers to green building in rental housing 

Barriers to GB development are well developed in the literature. There have been numerous 

studies investigating the issue from a variety of perspectives outlined in this section (Aimee, 2015; 

Darko & Chan, 2017; Nguyen et al., 2017). Darko & Chan (2017) provide a summary of recurring 

barriers to GB within affordable housing, outlined in Table 2.  

Table 2 - Barriers to GB Adoption. 

Source: Adapted from Darko & Chan, (2017). 

Key Barrier Description 

Split Incentives Split incentive issues characterised by the principal-agent 

problem. Expenditure by the property owner benefits the 

tenant, but not the owner. 

 

Lack of awareness/knowledge Stakeholders unfamiliar with GB benefits and processes. 

 

Cost (premium on TCC) Perceived premium on total construction cost. 

 

Lack of government incentive/support Nil or insufficient incentive. 

 

Lack of interest and demand Lack of GB demand. 

 

Risks and uncertainties Performance mismatch between design and construction 

case. 

 

Project complexity Perceived complexity of the green certification process. 

 

An Australian survey of 38 CHP providers covering 3377 dwellings was undertaken in 2012 to 

investigate KSPI’s of the available housing stock, and the potential for retrofit for operational 

utility efficiency. 75% of survey respondents cited a lack of finance as the primary barrier to 

implementing better energy and water efficiency standards in existing building stock. The lack of 

financial resources and the perception of energy efficiency measures being cost-prohibitive were 

common remarks given by respondent organizations. For example, measures such as installing 

insulation, curtains, and purchasing energy efficient appliances were considered as being beyond 

their budget. At least one respondent believed that dwellings could not be simultaneously 

sustainable and affordable (Urmee et al., 2012). The issues preventing better energy and water 

efficiency for Australian CHP's are presented in Figure 9. 
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Figure 9 - Issues preventing better energy and water efficiency for Australian CHP's. 

Source: (Urmee et al., 2012). 

Liu et al. (2019) investigate the challenges faced by low income households in accessing energy 

efficient, or ‘low-carbon’ living arrangements in Australia. The study includes qualitative data 

from focus group discussions with 164 lower income households and 18 stakeholders across 4 

different climate zones in Australia, many of whom are recipients of various forms of social 

services- including government benefit payments. The study found overwhelming support for low 

carbon living among the majority of the participants, however financial and non-financial barriers 

persisted. Financial barriers included difficulties in affording energy-efficient technology. One 

example included energy efficient white goods, which were reported to be financially out of reach, 

particularly when options were available at a lower upfront capital cost, albeit with larger 

operational costs. Where government supported programs did exist, Liu et al found that these 

were often difficult for low income households to access due to limiting conditional requirements, 

or complexities in accessing them which discouraged their take-up. Non-financial barriers 

included split-incentive issues, legislative barriers limiting tenant’s ability to modify rental 

dwellings, and personal limitations (Liu et al., 2019).  

Addressing the barriers to GB adoption in rental housing are complex. However, effectively 

designed Affordable housing policy offers an avenue for mitigating for many of these barriers, 

which are broadly financial in nature. This research focuses on addressing these barriers to GB 

adoption in affordable rental housing, through policy. 
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2.5  Research gap 

Australian affordable housing policy is transitioning through a period of change, which presents 

an opportunity to explore innovative concepts. The literature review has so far identified 

theoretical and applied models for affordable housing and discussed broader concepts of GB 

principles within affordable housing, including the green bond market. The recent establishment 

of the AHBA represents a turning point for Australian affordable housing policy towards bond-

based models. The AHBA addresses many of the shortcomings of previous affordable housing 

schemes and integrates features which have proven successful within international examples. 

However, the review highlights contemporary shortcomings that have previously been largely 

absent from the housing affordability debate, such as the worsening impacts of escalating utility 

costs on low income households, and barriers which have limited tenant’s ability to integrate 

energy, water and gas efficiency measures into affordable rental housing.  

The AHBA represents an opportunity for ‘top-down’ governance towards integrating GB 

principles into affordable housing in Australia. Through policy, many of the barriers to GB 

adoption, which have been identified in this review, can be addressed. The widescale adoption of 

a GB mandate supported by a policy framework similar to the AHBA offers opportunities for 

both improving the operational efficiency of affordable rental housing, and engagement with 

plausible financing efficiencies through the green bond market. There is a need to engage with 

these related but dissimilar concepts- notably, the benefits of GB and emerging sustainable 

financing avenues as a fundamental component of affordable housing policy. This study therefore 

seeks to investigate the impacts, influences and plausible outcomes of a affordable housing policy 

revision, based on the AHBA, under a ‘business as usual’ and a ‘green building’ scenario.   

The multidisciplinary nature of affordable housing policy invites innovative ways of assessment. 

Pullen suggests that the future of multidisciplinary assessment around sustainable concepts 

assessment may lie in the adoption of a systems thinking approach (Pullen et al., 2010). Systems 

thinking suggests that the component parts of the system work in cause and effect relationships 

with other components, rather than in isolation. This approach moves away from traditional ‘silo’ 

approaches- clustering features into categories of the triple bottom line (Economic, Social and 

Environmental). The novel application of the systems thinking approach engaged with in this 

research is outlined in the next section. 
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2.5.1 System dynamics and housing research 

Systems thinking is a causality driven approach to describe the inter-relations between parts and 

systems. The causal relationships of key actors within a system are useful for understanding 

leverage points and a wholistic perspective. System dynamics (SD) quantifies the impact on the 

interactions between parts in a system using mathematical models and equations (Caulfield & 

Maj, 2001). Both systems thinking and SD can be applied to a vast array of phenomena including 

environmental sciences, economics and public policy- among others. 

SD has emerged as a suitable method for studying housing and urban development, or so called- 

‘housing system dynamics’(Eskinasi, 2014). Eskinasi (2014) organises this field of research into 

three camps, which are explained in this section. The ‘Urban dynamics group’, which is largely 

focused around the seminal works of ‘Urban Dynamics’ by Jay Forrester (Forrester, 1969); 

focuses on the dynamic processes that result in the interactions of housing, population, and 

industry which creates endogenous processes of growth, stagnation and decline in cities. The 

‘Real Estate dynamics’ group which focuses on real estate economics, such as Di pascals ‘Four 

Quadrant Model’ (4QM) (DiPasquale & Wheaton, 1992). Studies within the real estate dynamics 

group often apply econometric approaches to the dynamics between space (ie. rental value and 

stock adjustment) and development (ie. valuation and construction) markets. Lastly, the ‘Housing 

policy group’, which focuses on studies examining spatial planning and housing policies. The 

Housing policy group is often applied to policy analysis which examines specific criteria within 

a housing market with clearly defined boundaries. These groupings are further described in the 

following sections. 

2.5.1.1 Urban dynamics group 

Urban Dynamics is the cornerstone of housing system dynamics modelling, with applications first 

used by Jay Forrester to addresses the causes of urban decay in the 1960’s in many U.S. major 

cities (Forrester, 1969). The principle of the ‘Urban1’ model was based on a dynamic hypothesis 

that posed that a mix of population, industry and housing creates endogenous processes of growth, 

stagnation and decline in urban areas. Forrester used the model to anticipate the development of 

the urban environment, through different phases such as growth, stagnation and eventual decay, 

and to test common urban programs which aim to improve urban conditions. Forrester’s model 

revealed that policies to improve urban conditions for ‘underemployed’ low income groups had 

positive short-run effects but were averse to urban conditions in the long term, since the 

attractiveness of underemployment was increased. The findings are an example of the ability of 

SD modelling to highlight behaviours of unindented consequences within systems. 
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2.5.1.2 Real Estate dynamics group 

The Real Estate dynamics group focuses on issues such as real estate cycles, speculative bubbles, 

the role of financial markets and the effects of government interventions and decisions among 

actors in the real estate market. SD models which are included with the real estate dynamics group 

often engage with concepts that are based in conventional econometric approaches. Real estate 

cycles, such long-run equilibrium cycles depicted through use of the 4QM, are a compelling 

example of the inter-related factors affecting real estate dynamics, which include construction, 

rent, market value and total housing stock in a given market. Several studies have sought to 

modify the 4QM into a system dynamics model of stocks and flows in order to capture cyclical 

cycles in real estate. For example, Zhang (2017) applied a modified version of the 4QM model to 

assess the housing bubble characteristics in the Chinese housing market (Zhang, 2017). 

Mashayekhi et al. (2009) applied a similar methodology to the Iranian housing market, examining 

the interactions of rental and owner-occupied markets (Mashayekhi et al., 2009). 

2.5.1.3 Housing policy group 

This research most closely engages with the Housing policy group within Eskinasi’s three housing 

system dynamics camps. Housing policy studies can benefit from the use of both qualitative and 

quantitative systems thinking approaches which examine the complexity of policy decisions and 

their impacts through feedback loops, which can create a narrative for addressing policy problems. 

The dynamics of these interactions can then be modelled using qualitative and quantitative 

systems dynamics approaches. One example includes a project by Eskinasi et al., who were 

engaged by the Netherlands Environmental Assessment Agency, to develop a system dynamics 

model to understand the impact of policy changes affecting social rental dwellings in the Dutch 

housing market. In the Netherlands, social rental dwellings comprise 40% of the total housing 

stock. The project sought to understand the impacts of new regulations, namely the ‘State Support 

Regulations’ (SSR) which had the potential to adversely affect middle income groups in the 

housing market, potentially to the benefit of low-income groups exclusively. The project focused 

on market success ratios for these different income groups, modelling the impact of SSR policy 

implementations over time. The aim of the project was therefore to report on the impact of the 

SSR on the position of middle-income groups within the wider framework of the entire housing 

market. The model itself was embedded as part of a mixed methodology research project, which 

was supported by a policy and housing literature study, including a participatory approach with 

stakeholder’s (Eskinasi, 2014). Overall, the model was able to capture the effects of the SSR on 
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participants in regional housing markets, with consideration to the complex interactions between 

households, housing stock and supply actors.  

Further examples from Yücel and Pruyt (2011) simulate the dynamics of improving the energy 

efficiency of the Dutch housing stock. The study develops a SD model to understand the influence 

of the existing dwelling stock in delivering objectives towards a lower energy transition process. 

The model engages with policy options that can better mobilise these benefits, which find that 

radical new policies are needed to achieve energy transition goals in the near future (Yücel & 

Pruyt, 2011).   

Building on these approaches, this research engages with the system dynamics methodology to 

understand and model the impacts of the AHBA affordable housing policy scheme in SEQ, and 

consider the inclusion of a GB mandate, and inclusion of green bonds as a primary financing 

source. 

2.6 Conclusion and conceptual basis of the research 

This research is guided by merging concepts of GB and green bonds into Australian affordable 

housing policy; particularly on frameworks which introduce institutional investment via bond 

based affordable housing supply models. It is hypothesised that these policies may be modified 

to include a mandate for green certified residential developments imposed on participants 

responsible for housing supply (developers and community housing providers). In exchange, 

these participants may access low cost loans which are funded through green housing bonds. A 

benefit of green versus conventional bonds includes a plausible reduction to the cost of funds to 

the government; observed by an emerging ‘green premium’ or ‘greenium’ in primary and 

secondary green bond prices. The green premium phenomena within green bond prices suggests 

that a government issued ‘green’ housing bond may attract investors at a lower coupon rate, and 

therefore lower cost to the issuer, than a conventional housing bond. These cost savings may be 

reinvested to enhance scheme objectives. The literature review has provided a broad contextual 

overview of these concepts, which have shaped the conceptual basis and the methodical approach 

of this research.  

A conceptual ‘Green Building Affordable Housing Bond Aggregator’ (herein GB-AHBA) model 

is proposed. The framework has been informed by previous policy research conducted by (Berry 

& Hall, 2005; Lawson et al., 2014; Lawson et al., 2009) However, The core operation of the GB-

AHBA is similar to the AHBA (or BAU-AHBA), which proves as a suitable baseline model to 

integrate GB principles and green bond financing into Australian affordable housing policy.  
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Figure 10 visualises the ‘Green’ affordable housing bond aggregator model. The model has been 

separated into three tiers, which include policy/governance, incentive, and supply.  

 

Figure 10 - Overview of the GB-AHBA affordable housing model. 

Source: Author. 

The purpose of the model framework is to provide context on how a ‘green’ affordable housing 

framework may fit within the Australian affordable housing landscape. The key difference of this 

revised model will include a mandate for CHP’s to deliver green certified affordable housing 

developments in exchange for low cost loans provided by the bond aggregator scheme. The 

framework identifies how capital flows from green bonds to delivering green certified housing 

stock. It is envisaged that together, the benefits from these concepts may provide a degree of 

demand and supply-side support to the success of the affordable housing regime. From the 

demand-side, tenants may benefit from reduced utility costs; whereas on the supply-side the 

NHFIC may benefit from reduced financing costs through green bond issuances which may 

compensate for a portion of additional costs, required to achieve GB certification. 
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Chapter 3: Research methodology 

3.1  Introduction 

This chapter outlines the research methodologies used in this PhD study. The research has been 

organised to investigate the concepts of GB in the SEQ context, including financing influences 

through the use of green versus conventional bonds, and how these concepts together influence 

Australian affordable housing policy. The research is grounded in ideological theories of 

pragmatism and positivism. The literature review has highlighted that these concepts are best 

suited to bond-based models, for which the recently introduced AHBA model is a suitable 

template for policy analysis. The concepts studied in this research require a mix of methodologies 

to adequately assess each component. Therefore, this chapter discusses the research 

methodologies which have been used. 

The research methodology has been shaped by the following observations: 

• Australian affordable housing policy is undergoing a period of change. Concepts from 

theoretical and applied affordable housing model proposals have informed the recently 

legislated AHBA model. 

• Bond-based models, like the AHBA have had a significant impact on the total amount of 

social housing stock constructed among international examples, where their operation has 

been long-standing.  

• In parallel to changes in affordable housing policy, global initiatives to mobilise against 

the worst effects of climate change have engaged with the bond market to give rise to the 

‘Green bond’ market. 

• The demand for low-carbon investments within the bond market is such that evidence has 

emerged of a green bond ‘premium’ or ‘greenium’, where financing low-carbon 

initiatives, such as GBs, may be achieved at a lower cost versus conventional debt 

markets.  

• Residential utility costs have been increasing, which have had adverse effects on 

households- particularly low- and middle-income tenants within affordable rental 

housing. GB principles are found to reduce utility consumption (and therefore costs), 

therefore improving housing affordability outcomes for rental households, among 

delivering broader environmental, social and economic benefits. There is little 

quantitative research into this. 
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• The complexities of affordable housing policy research require a comprehensive and 

wholistic approach of assessment. Therefore, the SD approach is identified as a suitable 

methodology to connect these concepts of GB, green bonds, and policy outcomes of the 

AHBA model. 

A problem tree which summarises these observations is presented in Figure 11. 

 

Figure 11 - Problem tree analysis. 

The thesis structure and logical research framework is presented in Figure 12, and are further 

described in the remainder of this chapter. 



Chapter 3 – Research Methodology 

36 

 

 

Figure 12 - Thesis structure and logical research framework. 
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3.2  Stage 1: Thesis design  

3.2.1 Literature review  

The study has focused on a detailed literature review of four main areas: (1) Theoretical and 

applied affordable housing policies in Australia and internationally, (2) a review into the current 

state of the green bond market, (3) GB principles and affordable housing, and, (4) identification 

of the research gap, which includes contemporary applications of system dynamics in housing 

research. Lastly, a consolidation of the concepts investigated to present a hypothetical GB-AHBA 

framework proposal.  

A review of the international and domestic affordable housing policies established an 

understanding of underlying opportunities, constraints and weaknesses of current supply models. 

The current state of the green bond market was explored which provides context for its linkages 

to integration with future proposed affordable housing schemes such as the bond aggregator 

model; however further detail is provided later in this research through a detailed systematic 

literature review, outlined in Chapter 5:. A review into GB within the context of affordable 

housing policy is investigated which outlines the barriers to GB adoption, and studies which have 

investigated the influence of utility bills on household utility costs. This study seeks to build on 

green affordable housing studies, through a local case study, within the Australian affordable 

housing context, outlined in Chapter 4:. Lastly, contemporary applications of the system dynamics 

methodology within housing research are explored. This research makes a contribution to the 

‘housing policy group’ within applications of system dynamics to housing policy research. 

3.2.2 Stakeholder engagement 

This research has been supported by an industry partnership with the National Affordable Housing 

Consortium (NAHC) based in Brisbane, Australia. The NAHC is a not for profit organisation 

which, since 2008, facilitates affordable/community housing outcomes to low- and middle-

income households in Australia. The first stage of the thesis design was to undertake stakeholder 

interviews which formed the conceptual framing of the research. This was an interactive process 

which began with in-depth interviews with the many expert community housing stakeholders at 

the NAHC, including delegates within broader professional organisations and government. The 

study has benefited from several informal interviews from experts involved with delivery and 

management of affordable housing stock, banking expertise (particularly green bond issuance) 

and GB. Organisations represented include (1) Community housing providers, (2) Banking 
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experts familiar with green bond issuances, (3) The Australian Department of Social Services, 

and lastly (6) a green building architect for their work on the 6 Green Star ‘Hopkins Street 

Affordable Housing Development’ in Tasmania, Australia. 

Over the course of this research, three major affordable housing symposiums were held (2017-

2019), attracting over 230 delegates from academia, government and industry. Monthly 

workshops with stakeholders were held between the 2016-2020 period. The past four years have 

been a transitionary period for Australian affordable housing policy, therefore contemporary 

issues, proposals and solutions to policy issues were discussed. The key concepts of this research 

were presented at these workshops and symposiums for feedback, which shaped a process of 

improvement on core concepts. Participatory stakeholder engagement was an important step to 

focusing the research theme into affordable housing policy, which is an under-studied topic within 

the Australian context. Further, it was well known that increasing utility costs were having an 

adverse impact on affordable housing tenants, and that there was broadly a popular and politically 

motivated sentiment for governments to shift towards GB practices- particularly for social good- 

such as through policy provisions to support the expansion of the affordable housing sector. 

However, the implications of improving utility efficiency in affordable housing, and plausible 

avenues of leveraging on a large-scale GB policy was yet unclear. 

3.3 Stage 2: Foundation studies 

3.3.1 Investigating the value of green building principles in the SEQ context 

This research is guided by an overarching hypothesis. It is hypothesised that a shift to GB 

principles within affordable housing policy will deliver value to a broad range of government 

KPI’s and outcomes in the longer term. GB incentives entrenched into affordable housing policy 

serve as an opportunity to mitigate for issues of split-incentives, reducing housing costs for 

tenants, and offer longer term social service benefits, which have previously been undefined in 

existing literature.  

In this first foundation study, we investigate if GB principles can reduce housing stress, which 

are households that spend more than 30% of their gross income on accommodation, and by what 

margin, in the context of a typical multi-residential affordable housing development in South East 

Queensland. In order to explore this concept, an exploratory case study is undertaken, located in 

Yeronga, Brisbane within the SEQ region of Queensland. A typical multi residential affordable 

housing development is analysed for two scenarios: A ‘Business as usual’ (BAU), and a ‘Green 

certified’ (termed ‘Green building’ (GB)) case. A ‘Green Star Multi-Unit Residential’ rating of 4 
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stars is applied as the GB case. Key characteristics of the study are defined by a comprehensive 

literature review which focuses on the SEQ region. The study drew from qualitative and 

quantitative data sources including interviews, government statistics, industry and academic 

studies to reveal typical construction costs, utility consumption rates, utility costs and escalation 

rates and market rental rates. Quantitative data applied to the case study was inclusive of 

comparable case studies of buildings sharing similar use and characteristics, climate zone and 

building code standards. 

Operational utility consumption was then forecasted for both scenarios over a 10 and 20-year 

rental tenancy arrangement, to determine typical household cost savings for 1, 2- and 3-bedroom 

apartments with occupancies which ranged from 1 to 4 persons per household.  Utility costs were 

escalated on an annual basis based on historical and predicted cost escalation rates. These utility 

costs were contrasted to rental expenditure to determine the plausible impact of GB principles as 

a demand-side subsidy; a tool to reduce housing stress for low- and middle-income rental 

households.  

Lastly, the value proposition of integrating GB principles was considered using the NPV 

technique. The additional investment to achieve GB certification is termed the ‘green premium 

on construction cost’ which is applied to the construction cost of the development from the design 

stage. The NPV is the difference between the discounted value of all future cash flows derived 

from the operational utility savings as compared against the green premium in terms of additional 

construction or capital costs. It therefore yields the net financial benefits of investment into GB 

as compared to BAU. It is beneficial to conduct an NPV analysis to understand how investment 

made in GB principles may yield value over time. The NPV analysis is useful to future policy 

considerations, on how, and to what degree a supply-side subsidy could be provided to investors 

in a future policy scenario. A sensitivity analysis was conducted applying three green premium 

scenarios, which ranged from low to high, and over time horizons of 10 to 20 years. These green 

premium scenarios were selected based on a sample of average comparable green rated multi-

residential developments which included a sample of 59 international and 30 domestic 

comparable developments. 

Case studies which investigate the benefits of GB principles in affordable housing have been 

conducted in international contexts (Copiello, 2015; Verbeeck & Hens, 2005), however there had 

previously existed little research in the SEQ context. A quantitative value on GB benefits is useful 

in order to contextualise their place within affordable housing incentive structures and policy. It 

is important to note that each study is unique, which represent notable data limitations. The results 
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are intended to provide an informed, although indicative estimate on a BAU vs GB development 

scenario in the Brisbane area. However, the research intends to address a gap in the literature to 

understand how investments into GB principles may be used effectively as a form of a demand-

side subsidy in affordable housing policy, and how stakeholder outcomes may be affected. 

3.3.2 Funding implications for emerging alternative financing mechanisms: Green 

bonds 

The next foundation study sought to investigate the value of the ‘green bond premium’, or 

‘greenium’ which is defined as the difference between the yields on a conventional bond (CB) 

and a GB with similar characteristics (Agliardi & Agliardi, 2019). The green bond premium is a 

useful concept to explore, since a mandate on GB principles within a mainstream affordable 

housing policy, such as the AHBA, meets the criteria for the green bond label on government 

issued housing bonds. The green bond premium phenomena offer plausible financing cost benefits 

to affordable housing policy, channelled through schemes such as the AHBA. The presence of a 

green bond premium in primary market bond prices suggests that a future GB-AHBA may finance 

green certified affordable housing at a lower cost than through conventional bonds. 

As the green bond market has developed, the quantity of literature examining green bond pricing 

and characteristics has grown. Literature investigating the green premium is diverse, employing 

unique methodological, control variable(s) or data sampling differences, which have resulted in 

general ambiguity regarding a consensus over the existence of a green bond premium in the green 

bond market. It is also not well understood what bond characteristics drive the green bond 

premium. These characteristics include bond rating, type, and governance procedures. Defining 

the bond characteristics which are most associated with the green bond premium has implications 

for bond issuers seeking to exploit the green bond premium. The foundation study provides a 

consensus on the existence of the green bond premium, and the bond characteristics which it is 

most associated. 

The research engaged with a systematic literature review. A systematic review “aims to 

comprehensively locate and synthesise research that bears on a particular question, using 

organised, transparent, and replicable procedures at each step in the process” (Littell, 2008; 

Stechemesser & Guenther, 2012). The review draws upon previous studies which focus 

specifically on analysing and identifying pricing discrepancies of ‘green’ versus comparable 

‘conventional’ bonds of similar characteristics.  
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The systematic review process followed a three-step process (Fink, 2010). In the first step, key 

research questions, databases, and appropriate search terms were refined. The search criteria 

favoured a broad keyword: ‘Green Bond’. In this way, all relevant literature was screened to 

mitigate the effects of confirmation bias amongst studies. It was found that papers apply different 

terminologies to pricing asymmetries, since not all papers explicitly use the ‘greenium’ or ‘green 

bond premium’ label, therefore a broad keyword search term was useful. The scholarly databases 

used in this study are Scopus, Web of Science, and Google search for industry reports. Where 

applicable, industry reports frequently cited in the literature are included in the review. The search 

results are limited to articles in the English language.  

Step two involves practical screening criteria which includes study timeframes and sources. 

Journal articles and industry reports published within the 2007–2019 period (as of October 1, 

2019) were the primary focus. Peer-reviewed journal papers with a robust methodology have 

taken priority in the review; however, a range of sources including book chapters, conference 

proceedings, news articles, and reputable industry analysis reports are used (typically published 

by major banking institutions). In total, 96 journal articles and 16 targeted industry reports are 

considered under the initial scoping criteria. The screening criteria is refined to include 34 full-

text articles which were reviewed. These articles inform observations of drivers of the green bond 

premium, however further screening is undertaken. Only studies that examine green bonds in the 

primary and/or secondary market and provided quantitative results have been eligible for 

inclusion. Therefore, 15 full-text articles, providing 30 quantitative observations on the green 

bond premium were carried forward in the final analysis.  

Step three involved methodological screening criteria (methods and paper focus). Studies have 

employed various methodical approaches to assess the green bond premium, however the aim of 

the methodical screening criteria has been to be subjective toward the conclusions of each study. 

Therefore, no single approach had been favoured in the review. A comprehensive overview of the 

research methodology for this foundation study is included in Chapter 5:. 

The green bond market in Australia is relatively undeveloped in comparison to international 

markets such as in the United States, European Union and Asia. The US municipal green bond 

market, for example, offers a robust and well-established green bond market for analysis. Baker 

et al (2018) examine the green bond premium in a sample of over 2,083 green US municipal 

bonds (Baker et al., 2018). In contrast, as of August 2020, Australia has fewer than two dozen 

comparable green bonds which can be used as a basis for investigation. Therefore, it is useful to 
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engage with large and diverse data sets which have been explored in previous literature. The 

systematic literature review methodology presents several advantages for achieving this goal.  

Firstly, individual studies offer crucial insights into pricing differentials of green versus 

conventional bonds in a global sample as well as the drivers governing these price differences. 

Taken together, a consensus can be assessed, which has previously been absent in the literature. 

A consensus on the green premium is expected to provide insight into the incremental cost of 

finance savings on primary market bond issuances which have implications for federal 

government housing bonds which are to be issued to fund the AHBA scheme. These savings are 

carried forward into the final modelling stage of this research.  

Secondly, GB characteristics that are commonly associated with a green premium and broader 

driving factors governing the demand for GBs can be assessed. A comprehensive review of the 

most recent literature provides insight into broader drivers governing the green premium, in 

addition to bond characteristics that are most commonly linked with a green premium. These 

insights are useful to match consistencies with the proposed structure of housing bonds issued for 

the AHBA such that the literature can support observations of the green premium with comparable 

bonds exhibiting the same structure (ie. Government issued, AAA rated and Green bond 

certified).   

3.4 Stage 3: Synthesis and policy analysis 

The overarching objective of this research is to design and analyse innovative policy, which can 

deliver both affordable rental housing stock, and to reduce ongoing operational utility costs for 

households, whilst taking advantage of emerging sustainable financing opportunities. Together, 

these objectives are anticipated to benefit on a wider, wholistic set of related social, environmental 

and economic policy objectives. The affordable-housing sector is characterised by numerous 

stakeholders, in addition to broader macro-influential factors which affect affordable-housing 

need, supply, finance, and performance characteristics. These are complex, often non-linear 

systems that change overtime; therefore, an appropriate methodology was required that could 

handle both qualitative and quantitative variables and, capture their interactions. 

The SD methodology is able to capture the dynamics of variables within complex systems over 

time, including time lags. SD is a powerful computer-aided modelling approach, initially 

developed and applied in the fields of engineering and management (Maani & Cavana, 2007). 

Central to system dynamics is the feedback perspective (Eskinasi, 2014), which is crucial to 

policy analysis of complex systems. The ability to model feedback structures are not limited to 



Chapter 3 – Research Methodology 

43 

 

the SD approach, however its ability to model systems with so-called ‘higher order feedback’ 

which involve two or more feedback loops which interact in a non-linear way is a distinguishing 

feature of the SD approach, and is essential to effective analysis of housing policy. Similarly, the 

stock and flow structure of a SD model is well suited to organising first and second order material 

delays which are nascent in the construction sector, such as time delays between the planning and 

construction phases of development; and policy settings, such as the ability to manage sequential 

inflows and outflows of affordable housing stock based on affordable housing tenure agreements 

(10-years).  The literature review identified the value of the SD approach as an appropriate method 

for housing policy research involving complex systems (Eskinasi, 2014; Zhang, 2017) and 

importantly the ability to capture short and medium term dynamics in regional housing supply 

systems. With regard to these benefits, this research has engaged with the SD approach. 

The modelling process, in general, is an iterative step-by-step process (Forrester, 1969). Sterman 

(2000, p.85) highlights; “there is no cookbook or recipe for successful system dynamics 

modelling, no procedure you can follow to guarantee a useful model”. However, following a 

defined process can help to produce a model that collectively represents the ‘best guess’ of future 

behaviour of a system that is available. The methodology for this research has been guided by the 

works of Sterman, Maani & Cavana (Maani & Cavana, 2007; Sterman, 2000). The approach has 

followed these 4 steps, described below: 

1. Model conceptualisation: scoping the problem to be addressed and the purpose of the 

model; define model boundaries and identify key variables; define reference modes and 

arrange model structure. 

2. Building of a System Dynamics model: transferring the causal relationships in the 

qualitative model into quantitative mathematical equations; assigning system architypes 

where required. 

3. Model testing and analysis: model validation and verification, sensitivity analysis  

4. Final simulations: assessment of policy outcomes and recommendations. 

 

3.4.1  Model conceptualisation 

The model conceptualisation stage involved: defining the purpose of the model, the model 

boundary, and the formulation of the overall model structure. The model conceptualisation and 

later SD model building were supported by monthly engagement with stakeholders, which were 

held from 2017-2020. These were in the form of both informal and formal workshops. Through 

this process, the model boundaries were defined and stakeholders provided insight into qualitative 
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interactions amongst key variables in the component models. The literature review and the 

foundation studies formed the qualitative and quantitative foundations for integrating changes to 

the AHBA scheme, changes to which are organised in this stage, and carried forward into a 

quantitative model in the next step.  

Details of the model conceptualisation stage, including key variables, boundary conditions, and 

key assumptions are outlined, in detail, in Chapter 6:, Section 6.3. 

3.4.1.1 Model purpose 

The first step within the model conceptualisation stage is to define the model purpose. This is an 

important stage which narrows the problem to be addressed, and the model’s audience. System 

dynamics models are built to understand the forces that have created a ‘problem’ in a system and 

serve as a platform to test plausible solutions. The guiding principle of this research is that 

mainstream affordable housing policy, and the incentive structures which service it, offer an 

opportunity to mitigate for issues of split-incentives and stimulate the supply of green certified 

residential buildings which, by business as usual standards, is hypothesised to deliver superior 

environmental, social and economic outcomes. The stakeholders involved within affordable 

housing policy are many, however the core members include tenants, developers, community 

housing providers and government. Ultimately, the purpose of the model and its intended 

audience is related to policy decision making which is a matter of governance. The model seeks 

to discover policies which will improve system behaviour, which is observed by the following: 

• To understand the value of GB principles within affordable rental housing tenure in SEQ. 

• To understand the impact of associated sustainable financing avenues, which is focused 

financing implications of engaging with green bonds.  

• To understand how these concepts together could be integrated into the AHBA scheme, 

and their impacts on environmental, social and economic criteria over a 20-year period. 

Details within each criterion is observed by the following (Table 3): 

Table 3 - Model analysis criteria. 

Environmental criteria 

 

• Carbon emission implications; 

• Regional energy, water and gas supply/distribution 

implications. 

 

Social criteria 

 

• Cumulative housing produced over a 20-year period; 

• ‘Active’ affordable housing as calculated annually over the 

duration of the scheme. 
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Economic criteria 

 

• Tenant utility cost implications; 

• Long term financing efficiencies through green bonds. 

 

The AHBA scheme provides a suitable grounding for the practical and theoretical structure for 

the model. Quantitative and qualitative data was sourced at this stage. A review of quantitative 

data included available government statistics, academic literature and new data revealed by the 

foundation studies. Operating knowledge provided by monthly meetings with practitioners at the 

National Affordable Housing Consortium and industry experts shaped conceptual basis of the 

model and its purpose.  

3.4.1.2 Model boundary and structure 

The AHBA scheme was conceptualised as a system with several moving parts and governing 

material flows. The scheme is influenced by spatial, temporal, endogenous and exogenous 

processes which needed to be organised and defined by model boundaries which were identified 

at this stage. Spatial boundaries refer to the geographic focus of the affordable housing scheme. 

The study focused on the SEQ region within Queensland, Australia. Temporal boundaries define 

the simulation period, which is defined in years. The model simulation period was 20 years. 

Endogenous processes are the dynamic variables involved in the feedback loops within the 

system, whereas exogenous processes are components whose values are not directly affected by 

the system (ie. bond prices or interest rates). Model boundaries used in the study are further 

identified in Section 6.3.2, Chapter 6:. 

A model boundary does not imply a system in isolation, it is rather that a particular strand of 

dynamic behaviour can be explained from the system structure within these boundaries (Eskinasi, 

2014). The AHBA served as the core structure of the model which were segregated by ‘tiers’ 

(visualised in Figure 10). These tiers were separated into policy/governance, incentive, and 

supply. Each tier engages with various stakeholders and material flows, including influences 

which are exogenous to the scheme (ie. bond prices, affordable housing demand etc). Exogenous 

influences are numerous, however cannot be ignored in a dynamic model. It is acknowledged that 

almost nothing is exogenous (Sterman, 2002), however defining model boundaries is an important 

step to building model confidence.  

This research had taken the approach to organise this complexity into three component models, 

which together defined the model boundaries and formed the larger system dynamics model. The 

three component models include: (1) Housing Model, (2) Operational Utility Model and (3) 

Finance Model. These are described in detail in Chapter 6. 
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The AHBA is an affordable housing scheme with national significance, however the non-

homogeneity of regional characteristics would have resulted in over complexity of the modelling 

process, and therefore compromise model accuracy. For example, local climate and building 

codes have a large influence on utility consumption rates of households therefore the exploratory 

study investigated in this research to identify the value of GB principles in Brisbane, would not 

be sufficiently comparable to an application to more temperate climates such as Melbourne. 

Erroneous spatial data sampling extends to utility costs and housing supply dynamics such as a 

regional construction capacity. In these respects, spatial boundaries are important to define, 

therefore the SEQ region was determined as a suitable focus of the model. SEQ is the most 

populous and fastest growing region in Queensland and is an area which is well understood by 

the expert stakeholders which have been engaged in this research.  Temporally, the approach was 

to model policy outcomes over a 20-year period. This time period was selected with consideration 

to data limitations on future escalation rates of key variables including, population, housing need 

and utility costs. A relatively short timeframe eliminates speculative assumptions on data which 

are important to the functioning of the model. Endogenous and exogenous were defined based on 

the respective functions of each component model. Specific variables are outlined in Section 

6.3.2.  

3.4.2 System dynamics model formulation 

The model conceptualisation stage forms the basic structure of the three component models which 

are further developed into a SD model. In this stage, the variables which have been defined in the 

conceptualisation stage are assigned values to regulate their states and rates at which resources 

change their states. These processes are represented by ‘stock and flow diagrams’ (SFD). SFD’s 

are designed to mimic generic structures which exhibit behaviour that can be assessed by 

reference modes or ‘system architypes’. The methodology behind these concepts is described in 

this section.  

3.4.2.1 Stock and flow model 

SFD’s are used to represent the accumulation of resources and the rates of change that alter those 

resources within the system. Multiple SFDs can be aggregated to represent a larger dynamic 

system. This process is central to the system dynamics methodology, which represents the 

aggregate behaviours that result from interactions among multiple components of a system over 

time (Sterman, 2000). SFD’s allow quantifiable results through simulations represented by 

graphs, aimed to mimic the system’s actual behaviour. Stocks represent mathematical parallels of 

integration (accumulation) and flows denote mathematical parallels of derivation (change in the 
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level of a variable); they are the rates of change in a stock and measured over a certain interval of 

time. The stock level is adjusted by the interactions within the system, through feedback (Suprun, 

2016). Systems models can be built in a variety of specialised computer software (ie. Powersim 

(Powersim, 2020) Vensim (Ventana Systems, 2012) and Stella Architect (Iseesystems, 2020)). 

Vensim DSS has been used as the modelling software for this study. 

Stock and flow diagrams include the following elements (shown in Figure 13. A practical example 

is included in Figure 15);  

• Stocks represent the net balance of inflows and outflows into a variable at a given time. 

Stocks are represented by rectangles. 

• Inflows represent an increasing balance, usually regulated by a valve flowing into the 

stock.  

• Outflows represent a decreasing balance, usually regulated by a valve flowing out of the 

stock. 

• Valves control the inflows and outflows into and from stocks. Valves are represented as 

an hourglass triangle. 

• Clouds represent infinitive sources and sinks, typically outside of the system boundary.  

 

Figure 13 - Elements of a stock and flow diagram. 

The SFD diagram can be expressed mathematically by the following equation (1): 

 𝑆𝑡𝑜𝑐𝑘 (𝑡) =  ∫ [𝐼𝑛𝑓𝑙𝑜𝑤(𝑠) − 𝑂𝑢𝑡𝑓𝑙𝑜𝑤(𝑠)]𝑑𝑠 + 𝑆𝑡𝑜𝑐𝑘(𝑡0 
𝑡

𝑡0
). (1) 

An advantage of the SFD is its capacity to capture pipeline delays which are common in the real 

estate and construction industry, and an essential part of the AHBA. These delays are widespread 

throughout each stage of the construction process, as developments move from financing to 

planning, construction, and occupancy and as they later exit from the scheme. The delays are 

managed mathematically through a delay queue in the same order in which they enter. After a 

defined processing time, they proceed to the next stages. In this research, delay functions were 



Chapter 3 – Research Methodology 

48 

 

used to replicate the transfer and expiration of affordable-housing contracts for individual 

apartments within the scheme (following a policy of a 10-year housing-provision arrangement), 

and for planning and construction delays. Figure 14 visualises this process. 

 

Figure 14 - Pipeline delay structure (left); first-order delay structure (right). 

Source: Images adapted from Sterman (2000). 

The development of the SFD model has followed a step by step process which drew from 

qualitative and quantitative data. Validation checks were undertaken at each stage of the model 

development, which are described further in the next stage. A preliminary form of validation 

checking is by use of reference modes which are mental models of dynamic behaviour. 

3.4.2.2 Reference modes and basic mechanisms 

Reference modes are a useful indicator of expected model behaviour. Complex systems, despite 

featuring vastly different principles can exhibit similar behaviour to others. These common 

behaviours include exponential growth (and decay), goal seeking, oscillations and S-shaped 

growth or several of these behaviours over time. Senge et al. (2006) presented a well-known 

narrative of system architypes such as ‘fixes that fail’, ‘success to the successful’ and ‘tragedy of 

the commons’ (Senge, 2006). 

Reference modes can be observed in simple SFD’s. For example, Figure 15 represents a simple 

population SFD.  

 
Figure 15 - Example of a stock and flow diagram. 
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The stock represented in the diagram is population. The population is regulated by inflows (birth 

rate) and outflows (death rate). Both the birth rate and death rate are dependent on the stock of 

population, which is being dynamically influenced. The birth rate inflow is calculated by the total 

stock of population and the fractional birth rate variable. This feedback structure is ‘reinforcing’, 

since the birth rate exhibits an increasing effect on the population. The death rate outflow is 

calculated by the total stock of population and the average lifetime of an individual. This feedback 

structure is ‘balancing’, since the death rate is having a balancing or decreasing effect on the 

population. 

Behaviours of population dynamics can be characterised by behaviour patterns, or reference 

modes, visualised in Figure 16. 

 

 
Figure 16 - Behaviour patterns of complex systems. 

 

Exponential growth behaviour occurs due to the influence of a reinforcing feedback loop; that is, 

as long as the state variable increases, the growing effect also increases. This behaviour is 

expected when modelling the cumulative affordable housing supply, so long as control variables, 

such as available financing and housing demand are constant.  

The goal seeking behaviour pattern is produced by the effects of a balancing loop; that is, the state 

a variable ‘seeks’ to achieve a desired level. The greater the difference between the desired and 

current states, the greater the corrective action in the balancing feedback loop. For example, from 
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a high-level perspective, therefore the objective of the AHBA is to satisfy affordable housing 

demand, therefore goal seeking behaviour is observed to achieve this goal. 

The oscillatory pattern behaviour is produced by the effects of a balancing loop where time delays 

are present. These delays trigger a new correction in the opposite direction in a balancing loop. 

Oscillatory behaviour is observed in the construction of affordable housing development sector, 

which seek to respond to market demand however are affected by pipeline and first order delays 

in the construction process, which have been described in the previous section.  

The fourth reference mode is known as S-shaped growth. It is a special case of exponential growth 

in which a reinforcing feedback loop produces an initial growth, but then the outset shifts to a 

dominant balancing loop and as a result the growth gradually slows until the desired state of the 

system is reached. This behaviour is observed in the AHBA, because the first 10 years of the 

scheme are accumulations of affordable housing stock. This research models the basic function 

of the AHBA, which has taken the assumption that properties exit from the affordable housing 

scheme after 10 years of circulation. A detailed explanation and representation of this phenomena 

is included in Chapter 6:, Section 6.5.1.  

3.4.3 Model testing and analysis 

Model testing is crucial to verifying the underlying assumptions within any SD model prior to 

undertaking policy or decision-making processes.  According to Forrester and Senge (1980), 

“there is no single test which serves to ‘validate’ a system dynamics model. Rather, confidence 

in a dynamic simulation model accumulates gradually as the model passes more tests and as new 

points of correspondence between the model and empirical reality are identified”. There are no 

unanimously prescribed tests for SDM model validation, however many studies engage with three 

categories of model testing (Suprun, 2016). These include:  

• Structure assessment tests (e.g. boundary adequacy, structure confirmation, parameter 

confirmation, dimensional consistency) to ensure the structure of the model is an 

appropriate representation of the system; 

• Structure-oriented behaviour tests (e.g. extreme conditions; behaviour sensitivity) to 

check how the model responds to alterations in input parameter within the range of 

analysis; 

• Behaviour pattern tests (e.g. behaviour reproduction, behaviour anomaly) to ensure the 

model is able to produce an acceptable output behaviour with sufficient realism and 

quality. 
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The model validation process is the gradual process of building confidence in the model. This 

research followed an iterative, step by step process to test and analyse the components of the SD 

model as it was being created. These checks were conducted with the aid of stakeholders, and 

incrementally by cross checking behaviour with existing reference modes. It is important to note 

however, that no traditional statistical validation, no system dynamics model can be validated as 

‘truth’ (Sterman, 2000). However, a model’s usefulness comes through its ability to demonstrate 

behaviour, which together, form a ‘best guess’ of a future representation of reality. The novelty 

of the research and the methodical approach limit the validation of the model for certain 

components. There is no academic literature which forecasts the effects of the AHBA on 

affordable housing in Australia. Stakeholder input has provided sense checks for model 

behaviour. These processes together help to ensure the model more accurately represents realistic 

outcomes, with due regard to data limitations.  

Model testing and analysis has been conducted from a ‘bottom-up’ approach. Checks have first 

been conducted within each model component, and the sub-models (or factors) that populate the 

component. In this way, model behaviour is checked on a factor basis, and reviewed again as a 

group, which are summarised as a model component. As previously discussed, there are three 

model components which make up the broader SD model. These include (1) Housing model, (2) 

Finance model and (3) Operational utility model. Within each component model there exists 

numerous ‘factors’ which typically involve their own stock and flow models. Model structure and 

model behaviour tests have been continually undertaken after the creation of each stock and flow 

diagram. The model testing methods which have been used in this research are described further 

in Chapter 6.  

3.4.4 Final simulations 

The final stage of the SD modelling process was to test policy scenarios and outcomes using the 

model. Policy outcomes were produced for the BAU and GB scenarios given ‘real world’ 

conditions. Stakeholders were engaged to assist with determining plausible alternate scenarios for 

key inputs. Alternative inputs were modelled, and the outcomes compared in order to settle on 

realistic and optimal policy settings. The optimal settings were included as policy 

recommendations. 

3.5 Summary 

This chapter outlined the multiple methodologies used in this research. A systems thinking 

approach is the overarching research methodology, with key inputs which are supported by a case 
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study to reveal the value proposition of GB certification in the SEQ context, and a systematic 

literature review to reveal a consensus on a green premium in green bond prices- including an 

indicative margin.  

Stage 1 has provided the conceptual basis for this research which has involved a detailed literature 

review, and the development of a conceptual model framework. Stage 2 involves foundation 

studies which further develop key criteria for policy changes and provide a basis for inputs which 

are used in Stage 3. Lastly, in stage 3, a SD model is developed which is based on the conceptual 

framework and populated by the key findings of the foundation studies. The purpose of the SD 

model is to understand the outcomes of the AHBA model in SEQ, and to test policy changes, 

which include a GB mandate on housing stock, and the use of green versus conventional bonds.   

Throughout this research, stakeholders from the National Affordable Housing Consortium and 

industry partners have been instrumental. Their insights have shaped the core objectives and key 

assumptions which have been carried forward into the SD model.  
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Abstract 

Rising energy, water and gas costs exert increasing financial pressure on low- and middle-income 

rental households that are often subject to issues of split-incentives. The split-incentive problem 

concerns the lack of appropriate incentives for landlords to implement green building principles 

and associated utility efficiency measures. We investigate the notion of capitalising on 

investments in utility efficiency within the context of affordable rental housing subsidy schemes; 

how associated utility savings offer a means to deliver policy designed to mitigate issues of split-

incentives. An Australian case study was selected, representing a typical affordable housing 

development in Yeronga, Brisbane. From the design stage, two scenarios were analysed to 

determine the estimated household utility savings between a ‘Business as usual’ and ‘Green 

certified’ case.  Over a 10-year rental tenancy, operational utility efficiencies, achieved through 

green building principles, are modelled to reduce total housing costs by 1.7-3.8% (an average 

approximate saving of AUD $5-18 per week) for one- and four-person low-income households 

respectively. Over the building lifecycle, the net present value of the operational efficiency 

improvements are forecast to be positive, signalling favourable support for policy interventions. 

The findings provide evidence to suggest that there exists a case within public affordable housing 

policy to expand on the conceptual notion of ‘housing assistance’ from a direct discount to market 

rent approach (or cash subsidy), to one that includes a broader set of factors – such as building 

operational utility efficiency. The paper proposes that incentives provided under government 

supported affordable housing policy offer an avenue for mediating issues of split-incentives. 

Three policy options are discussed on how to deliver these benefits to stakeholders. 

 

 

 

 

Keywords: Affordable housing policy, Green building, National Rental Affordability Scheme, 

split-incentives, principal-agent theory. 
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4.1 Introduction 

Defining ‘Affordable housing’ (AH) is often misconstrued under several guises; subjective by 

definition, and with differing perspectives between countries and regions. In Australia, there is 

the broad agreement that housing is considered ‘affordable’ when it does not constitute more than 

30% of household income (National Housing Strategy, 1992). ‘Housing stress’ can be attributed 

to those low-income households that spend more than 30% of their gross income on 

accommodation (Yates, 2008). Presently (2018), over 45% of Australian low-income households 

(those in the bottom two income quintiles) are facing housing stress (ABS, 2018). Public sector 

funding for social housing has declined in many countries; hence, the private rental sector is 

playing an increasingly important role in access to affordable housing options (Pero et al., 2016).  

Internationally, a patchwork of housing affordability schemes have been deployed to assist low 

and middle-income rental households (Pero et al., 2016). These have included a range of demand3 

and supply-side4 subsidies in an effort to increase AH options and reduce the financial burden of 

rental housing costs. In Australia, for example, the ‘National Rental Affordability Scheme’ 

(NRAS) was introduced in 2008 to deliver affordable rental housing options to low- and middle-

income households, via a supply-side subsidy. Investors in the scheme deliver rental units that are 

required be rented at a 20% discount to market rent to eligible households. In exchange, investors 

benefit from an annual financial incentive5 over a fixed 10-year period, with the aim to deliver a 

favourable net return. However, contrary effects such as escalating utility costs detract from the 

aims of these policies; for instance, domestic residential energy costs have increased 63% during 

the 2007-2017 period (ACCC, 2017). Gas and water costs have followed similar trajectories. 

These price increases exert increasing pressure on rental households’ bottom line and detract from 

policy objectives.  

By metrics of ‘housing stress’, low-income rental households spend a greater proportion of their 

gross income on utility-related housing expenses (Wilkins, 2018). Rental households often suffer 

from issues of ‘split-incentives’; a well-known principal-agent problem within rational choice 

economics. As Bird & Hernández (2012) describe, agency problems refer to any situation in 

 

3 Demand-side assistance provides support to low-income tenants, either in the form of cash payments or housing 

vouchers.  

4 Supply-side assistance provides government funding for the expansion of dwelling stock provided at less than market 

rates to eligible residents (Berry, 2005). 

5 The total incentive value as of the 2016/2017 financial year is $11,048 AUD per dwelling (DSS, 2016). 
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which a principal pays an agent for a service or good. The theory demonstrates that principals 

(tenants) often have different goals and information than an agent (investors) who supplies them 

with goods or services. The split-incentive problem highlights the opposing goals between 

principal and agent. That is, the principle seeks to minimise housing cost, whilst the agent seeks 

to maximise net return on the rental property within the AH scheme. The principal-agent theory 

is a valuable approach for understanding problems evident in the split-incentive, particularly those 

regarding the government-endowed incentive structures for investors and tenants (Bird & 

Hernández, 2012). There is broad consensus that the total cost of ownership of a building should 

include both the initial capital investment as well as the lifecycle operation and maintenance 

(O&M) costs (Islam et al., 2015; Mangold et al., 2018; Morrissey & Horne, 2011; Morrissey et 

al., 2013; Shirgaokar & Rumbach, 2018). It is within this context of the split-incentive issue and 

government-supported affordable housing policy, we explore how investments into ‘Green 

Building’ (GB), and the associated operational utility efficiency improvements, may be used 

effectively in AH policy, and how stakeholder outcomes may be affected. This paper focuses on 

the financial implications of integrating GB principles into a typical affordable housing 

development. 

 Investments directed towards operational utility efficiency in buildings, and the 

associated concept of GB have emerged as part of a larger social movement towards 

environmental, social and economic sustainability (Hoffman & Henn, 2008). Quantitative 

research into the achievable utility cost savings of residential GB is not a new concept, having 

previously been undertaken for both retrofitted and new buildings (Berry et al., 2014; Copiello, 

2015; Moore et al., 2017). However, establishing incontrovertible utility consumption statistics 

and even the notion of what constitutes a ‘green’ versus a comparable ‘control’ or base case 

building, is idiosyncratic across countries, climate zones, site locations and baseline building 

codes. A number of studies on green, social and affordable housing have focused on qualitative 

data, frequently presented in the form of interviews (Boerenfijn et al., 2018; Wrigley & Crawford, 

2017). Additionally, studies have investigated a broader analysis of GB diffusion and GB criteria 

in AH. Gan et al. (2017) established critical sustainable performance criteria for affordable 

housing in China (Gan et al., 2017), whilst Zhang et al. (2018) have investigated the diffusion of 

green housing in urban China through varying policy instruments (Zhang et al., 2018). More 

broadly, research into housing affordability and related issues have contributed to research 

surrounding broader areas of ‘social deprivation’ which explore a wide range of economic, social 

and environmental perspectives, including housing policy failure and social inequity, energy 

poverty, transport costs, and barriers to housing and services (Aimee, 2015; Beer et al., 2007; 

Berry, 2003; Cai et al., 2013; Cao & Hickman, 2018; Hamidi et al., 2016; Harrison & Popke, 
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2011; MacKillop, 2013). These previous studies provide insightful context into the issues that are 

contributing factors to the housing affordability ‘crisis’ (Eslake, 2013). Having said that, there 

remains a gap in the literature in understanding how investments into GB principles may be used 

effectively as a form of a demand-side subsidy in AH policy, and how stakeholder outcomes may 

be affected.  

 In market housing, utility efficiency (or GB improvements) has been found to generally be 

capitalised into the market rent (Walls et al., 2017). Government-led AH schemes, such as NRAS 

and other international equivalents, rarely consider the operational utility performance of 

buildings when assessing the eligibility of AH development proposals, which, we argue, is a 

missed opportunity to address issues of split-incentives relating to utility efficiency 

improvements. Based on this observation, and the gap in literature on this subject, the paper 

provides an answer to the following broad research question:  

What are the financial benefits of green building from the perspective of low-income 

tenants and policy makers, and, what kind of affordable housing policy would enable 

these benefits to be shared (avoiding split-incentives) among stakeholders in affordable 

housing? 

To analyse this question, an Australian AH case study, in the design stage, is modelled for two 

scenarios: A ‘Business as usual’ (BAU), and a ‘Green certified’ ( also termed ‘Green building’ 

(GB)) case. A ‘Green Star Multi Unit Residential’ rating of 4 stars is applied as the GB case. 

Operational utility consumption is forecasted using existing evidence in both scenarios, and utility 

savings are forecasted over a 10 and 20-year rental tenancy arrangement similar to that offered 

by the NRAS. Particular emphasis was placed on national and local data for the Brisbane area. 

This paper examines rental housing costs, inclusive of utility costs, and the degree to which GB 

principles can reduce housing costs. These utility savings are then compared to the additional 

capital costs or construction cost, called the green premium, to derive the net financial benefits, 

which are technically calculated using the net present value (NPV) technique. The objective is 

then for AH policy to find a way to share these net financial benefits, represented by NPV, among 

stakeholders in the AH sector.  

The paper has been separated into 7 main sections. Section 4.1 has provided a conceptual 

introduction and context of the paper. Sections 4.2 and 4.3 focus on a literature review specific to 

affordable housing policy and GB respectively. Section 4.4 introduces the selected case study, the 

methodology and key data sources for analysis. Results of the case study are included in Section 

4.5. Section 4.6 provides a discussion of the findings and the relevance to contemporary 
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affordable housing policy. A summary of the paper findings and key conclusions are provided in 

Section 4.7.  

4.2 Affordable housing policy 

The term ‘affordable housing’ has been maturing as a category of its own within housing policy 

and research circles; although there exists some ambiguity among ‘social’ and ‘affordable’ 

housing definitions. Within rental housing, Czinchke & Van Bortel (2018) seek to differentiate 

these definitions through a continuum; on one side ‘social rent’, delivering housing fixed to a 

proportion of household income, and on the other, ‘market rent’ which is based on demand and 

supply conditions with no government support. ‘Affordable rent’ is identified as an intermediary 

between these two demarcations, where rents are derived from, but lower than, market rent 

(Czischke & van Bortel, 2018).   

Internationally, provision of affordable housing pathways to low- and middle-income groups 

differ according to approaches to governance. Broadly, housing assistance schemes can be 

characterised by demand- and/or supply-side approaches (Berry & Hall, 2005). Demand-side 

assistance provides support to low-income tenants, either in the form of cash payments or housing 

vouchers. Supply-side assistance provides government funding for the expansion of dwelling 

stock provided at less than market rates to eligible residents (Berry & Hall, 2005; Oxley, 2012), 

in many cases through meeting investor yield criteria to attract investment into the scheme. There 

is a long withstanding debate on which approach is superior (Galster, 1997; Sa-Aadu, 1984), 

though there is no clear consensus for all contexts. Numerous studies suggest a consideration of 

both approaches according to local housing market conditions (Jacobs, 2015; Sa-Aadu, 1984; 

Yates & Whitehead, 1998). 

In practice, current demand-side examples include ‘Commonwealth Rental Assistance’ (CRA) in 

Australia, ‘Housing Benefit’ in the United Kingdom, and ‘Section 8 housing vouchers’ in the 

United States. These schemes provide financial support to households to meet a portion of housing 

costs, primarily in the private rental market. However, for some markets, it has been argued that 

these incentives inflate market rental costs in well-located areas rather than ameliorating 

fundamental shortages in housing supply. Consequently, this has a detrimental effect on those 

unsubsidised households that fall outside the housing assistance safety net (Apgar Jr, 1990; 

Milligan et al., 2009).  

In the United States, the ‘Low-income Housing Tax Credit’ (LIHTC) delivers demand-side 

support principally through tax incentives to private developers to invest in eligible affordable 
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housing projects. The LIHTC has proven to be an efficient, productive and broadly accepted 

financing tool for the development, construction, rehabilitation and preservation of privately 

owned and operated low-income rental housing (Rowley et al., 2016). The scheme has faced 

scrutiny relating to the spatial distribution of developments in areas of high poverty (Dawkins, 

2011; Diamond & McQuade, 2019). Since its inception in 1987, the LIHTC has delivered nearly 

3 million affordable housing units (DuBois, 2018). 

In Australia, the ‘National Rental Affordability Scheme’ (NRAS) aims to increase the supply of 

new and affordable rental dwellings though financial concessions to private or institutional 

residential property investors for a period of up to 10 years. In exchange, these properties are 

required to be let to low- and middle-income households that meet the NRAS income threshold 

at least 20% below market rates. NRAS eligible households had annual incomes between AUD 

$50,489 and $108,434, for one- and four-person households, respectively (Government, 2018). 

Tenancy leases under NRAS operate similarly to a typical residential lease, where tenants are 

obliged to pay for all associated housing costs, including ongoing utility expenses. Incentives are 

provided to suppliers (primarily private property investors) through an annual tax offset 

certificate, or direct payment scheme. NRAS has issued up to 38,000 incentives since its inception 

(Government, 2018). The scheme has been generally regarded as a success in terms of delivering 

a supply of new affordable housing options to market; however, it has largely failed to attract 

substantial institutional investment due to insufficient scale, scheme longevity and consistency 

(Rowley et al., 2016). 

In this paper, we focus on supply-side affordable rental housing policies within the context of 

NRAS as a means to deliver green-certified rental dwellings and mediate for associated issues of 

split-incentives. However, associated residential utility efficiency through GB is argued to 

provide a degree of demand-side support. 

4.3 Green affordable housing  

‘Green building’ terminology is commonly used interchangeably with terms such as sustainable 

building, high-performance building and sustainable construction. Yudelson (2008) defines GB 

as: “A high-performance property that considers and reduces its impact on the environment and 

human health”. It is a building that is designed to consume less energy and water, whilst reducing 

the lifecycle environmental impact of materials used (Yudelson, 2008). In Australia, the ‘Green 

Star Multi-residential’ rating certification focuses on these considerations, in addition to variables 

such as transport (i.e. connectivity to public transport and cycling facilities), land use and 
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ecological design, among others (GBCA, 2016a). There are numerous GB rating systems 

internationally (i.e. BREAM, LEED, Green Mark, Estidama, GSAS) which broadly follow 

similar environmental metrics on what it means to be a GB. 

A number of international case studies have focused on the viability and profitability of 

integrating GB principles into typical housing development. These have shown GB principles 

yielding positive financial results through positive net present value (Verbeeck & Hens, 2005) 

and high internal rates of return on efficiency investments (Nikolaidis et al., 2009). The viability 

of GB principles have been found to be sensitive to marginal changes in input variables (such as 

discount rates and utility costs) (Zalejska-Jonsson et al., 2012).  

It is a common view that ‘green’ and ‘affordable’ construction is an incompatible proposition 

(Hwang & Tan, 2012; Issa et al., 2010). However, a review of the literature provides no conclusive 

empirical evidence to suggest that GB construction must cost more than regular construction 

(Dwaikat & Ali, 2016; Rehm & Ade, 2013). In one reported case, GB standards are found to 

reduce construction cost by -0.4% (Dwaikat & Ali, 2016). However, the empirical evidence is 

largely inconclusive, with premiums ranging from approximately -0.4% to 21%, varying 

significantly by region, the type of GB principles deployed and the methodology behind the 

calculation (McKenna, 2018).  It is important to consider how these investments manifest 

themselves in future values (other than operational efficiencies). International studies suggest that 

green-certified residential buildings attract a 6.9% sale price premium on the secondary sales 

market in China (Zhang et al., 2017). Chegut et al. (2016) found a 6.3% sale price premium for 

highly efficient ‘A-labelled’ AH developments in Denmark (Chegut et al., 2016). These findings 

are consistent with empirical evidence in US commercial and office green-building statistics, 

which have found higher rental/sale premiums in addition to higher occupancy rates (Wiley et al., 

2010). Moreover, GB have also been found to include a number of possible positive externalities 

beyond financial returns, such as health and community benefits (GBCA, 2016a; Hu et al., 2014). 

Whilst sale price premiums are important considerations, we do not seek to model these effects 

in this paper. 

GB certification mandates (whilst desirable) are atypical of mainstream, government-supported 

affordable housing policy, internationally and within Australia. In the United States, some state-

controlled housing finance agencies that are responsible for distributing federal LIHTC incentives 

favour development applications which focus on superior energy efficiency or GB certification 

(Huduser, 2018); a form of ‘economic incentives for environmental protection’ (Oxley, 2004). 

Reina & Kontokosta (2017) found that subsidised multifamily housing in the US is broadly 
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associated with higher utility consumption versus comparable market rate housing (Reina et al., 

2017). GB principles, and less commonly, GB certification for AH developments have been 

implemented in various ‘showcase’ projects within Australia and overseas. The ‘Hopkins Street’ 

AH development, located in Hobart, Tasmania (rated 5 Green Stars) was able to achieve 

approximate utility cost reductions for tenants between 25-50% (Chua, 2014). Whilst dwellings 

within the ‘Lochiel Park Green Village’ in South Australia were able to cut average energy 

consumption by more than 50% (Berry et al., 2014). However, determination of the typically 

expected benefits of GB is not possible. This study explores the specific potential benefits of GB 

certification for a project based in Yeronga, Brisbane. Building type, location and use, offer a 

different basis for comparisons. Business as usual (BAU) performance will vary by climate zone 

or region; however, there is a general consensus that GB principles will reduce the overall energy, 

water and gas consumption for tenants.  

The literature provides evidence to suggest that investments in utility efficiency of residential 

building will yield benefits to AH policy (Reina et al., 2017; Schwartz et al., 2018). The benefits 

of GB are largely understood, however there is much less understanding on how GB affects the 

‘affordability’ of rental housing, particularly in the case of Australia. Furthermore, there is limited 

direction on how GB may be used to enhance AH policy objectives, particularly for those schemes 

where government-supported financial incentives are in place, towards novel ‘Green Affordable 

Housing’ (GAH) policies.  

4.4 Methodology 

A case study has been used as a basis for the paper. Construction design plans were analysed for 

a new AH development in Yeronga, Brisbane Australia. NRAS developments are generally new 

and constructed to a comparable quality respective to surrounding development; therefore, the 

case study is representative of this typical profile. The objectives of the case study analysis were 

twofold: (1) to compare the operational utility consumption and cost implications of a ‘Green 

Building’ (GB) scenario versus a ‘Business as Usual’ (BAU) scenario; and (2) to investigate the 

‘net present value’ (NPV) of integrating the GB improvements (in this case, the ‘Green Premium’ 

for Green Star certification). Following this analysis, implications as they relate to affordable 

housing policy are discussed. A systematic process consisting of six main steps is undertaken, 

shown in Figure 17.  
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Figure 17 – Study process highlighting the key steps of the case study and analysis. 

 

This process has been further defined in the following sections. 

4.4.1 Case study: Yeronga affordable housing development 

The ‘Yeronga AH development’ is multi-residential building of 120 one-, two- and three-bedroom 

units, over a total gross floor area of 8600m2.  

The development is located in Yeronga, Brisbane; a well-connected suburb approximately 5kms 

south of the Brisbane CBD. The Brisbane climate is defined as a ‘Zone 2’6 region characterised 

by warm humid summers and a mild winter. The case selection is regarded as conservative with 

regards to GB utility savings due to the temperate climate, with cooler climates of southern 

Australian cities, such as Melbourne or Sydney, expected to yield larger benefit. Figure 18 

outlines the case study location within the context of Australia, and SEQ. 

 

 

6 In accordance with the ‘Building Code of Australia’(BCA) guidelines (BCA, 2016) 
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Figure 18 - Case study location in South-East Queensland. 

4.4.2 Key data sources  

Data collection for the case study was sourced through a comprehensive review of recent industry 

reports, government statistics and academic literature of comparable case studies of buildings 

sharing similar use and characteristics, climate zone and building code standards. Assumptions 

on building characteristics are categorised into a BAU and a GB case. The data selection criteria 

varied for each ‘key data’ element, each drawing from relevant sources. These have been 

summarised in Table 4. A detailed methodology which shaped the final assumptions are provided 

in detail in Appendix A: Case study assumptions. 
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Table 4 - Key data and sources. 

Key Data  Data Sources Brief Methodology Sources 

Benchmark (BAU) Green Building (GB) 

Construction 

costs 

Local average construction cost 

of comparable development*  

Project reported ‘Green 

Premium’** costs of 30 

comparable Green Star 

projects in Australia. 

Additional guidance from 

59 International cases. 

Three ‘Green premium’ scenarios are considered in 

addition to BAU total construction cost. 

 

Please see Appendix A: Case study assumptions. 

Section A1. 

(Rawlinsons, 2016); 

(Bradshaw et al., 

2009); (GBCA, 2016) 

 

Utility 

consumption 

Comprehensive datasets of comparable household end-uses for 

both BAU and GB have been assessed, for each utility (energy, 

water, gas). Consumption estimates have been organised by 

household occupancy.  

 

 

BAU and GB data sources have been synthesised for 

relevance (consolidated for buildings of similar use, 

climate and characteristics). Individual methodologies 

for each utility are explained below. 

 

Further detail is available in Appendix A: Case study 

assumptions. Section A2. 

 

Energy End-use data from 901 

comparable Australian 

households. 

Project reported utility 

consumption data of 428 

Green Star certified 

buildings. Synthesised to 

12 locally relevant 

cases***. 

BAU case is compared to GB case to derive actual 

utility consumption variances in operation. 

 

Energy and Gas assumptions were modelled together. 

On average, GB was found to increase gas usage 

whilst saving electricity. This is due to GB tendency to 

apply gas fuelled co-generation or tri-generation 

systems (ie. Gas-assisted hot water systems).  

 

Locally relevant data has been synthesised from larger 

datasets in both cases. 

(AER, 2015); (GBCA, 

2013)  

Gas Aggregated consumption 

estimates based on government 

statistics. 

 

Quoted BAU Gas consumption rates were normalised 

to factor in consumption differences by household 

size.  

(EME, 2016a; GBCA, 

2013) 

Water End-use data from 1241 

households (to determine 

applied weight of use), and 

Green Star Multi 

Residential Rating System 

(WELS rating 

BAU household water end-use patterns are analysed, 

and an average weight of use for each fixture and 

fitting is derived. 

(QDC, 2011); 

(Roberts, 2012); (Beal 

& Stewart, 2011; 
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Queensland Development Code 

(MP 4.1) minimum WELS**** 

requirements for new 

construction.  

commensurate of a 

reasonable score in this 

category). 

It is assumed that the sample size has applied the 

minimum Queensland Development Code WELS 

rating for new construction. 

 

WELS fixture and fitting targets are assigned, 

commensurate of a conservative Green Star score in 

this category. 

These are compared to minimum Queensland 

Development Code Requirements. With consideration 

to the weight of use of each fixture, a net estimate on 

total household water consumption is derived. 

GBCA, 2010, 2016a; 

Willis et al., 2013; 

Zhang et al., 2009) 

 

 

Utility costs 

and escalation 

rates 

Current utility costs were derived from local utility providers in 

all cases.  

Data sources to determine forecasted escalation rates varied by 

utility. 

Local utility provider quotes are investigated for 

energy, water and gas costs (c/kWh, c/MJ , c/ML). 

Daily supply charges are not considered. 

 

Historical data and industry forecasts are analysed to 

forecast future utility escalation rates. Escalation rates 

are found to vary by utility. Generally, they are 

forecasted to be higher than the RBA’s target inflation 

rate of 2.3%. 

 

Please see Appendix A: Case study assumptions. 

Section A3. 

(RBA, 2016);  

    

Energy Energy cost escalation data from the Australian Energy Market 

Commission (AEMC) was used to forecast future energy price 

increases  

(AEMC, 2015);  

Gas Gas cost escalation has been informed by historical data (2003-

2013), including future market forecasts. 

(Swoboda, 2013); 

Water Water cost escalation rates have 

been determined by historical 

data published by the Australian 

Bureau of Statistics for the 

South East Queensland Region. 

 (ABS, 2016c) (Urban 

Utilities, 2016); 

Market rental 

rates 

Average local market rents have been derived online data 

sources. Statistical average rates are applied for comparable 

units in the Yeronga area. 

Local market rental rates for comparable one, two- and 

three-bedroom units have been documented. 

 

Please see Appendix A: Case study assumptions. 

Section A4. 

RP Data (Corelogic, 

2016) 
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* Rawlinson’s average construction cost guide for a 5 level, medium-high finish, residential development, with a lift, concrete structure and basement parking in 

Queensland. (Rawlinsons, 2016) 

**The ‘Green Premium’ on total construction cost are the additional costs incurred to meet green building criteria. In this case, a target rating of 4 Green Star Multi-

Residential.  

***Data synthesis included comparable: building end-use (multi residential), climactic conditions and planning considerations (Queensland). Out of the total 428 total 

sample, 79 met one condition, whilst 12 met all criteria. Only those meeting all criteria are considered. 

****Water Efficiency Labelling and Standards (WELS) is an Australian standard for water consuming fixtures and fittings. 
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4.4.2.1 Data limitations 

The study attempts to use relevant and informed data for all of the assumptions used as a basis 

for calculations contained in this paper. Where possible, assumptions are supported by reliable 

databases, and refined7 for relevance. However, the results in this study are intended to provide 

an informed, although indicative estimate on a BAU vs GB scenario in the Brisbane area. 

There is often a mismatch of design and as-built operational performance savings due to a number 

of factors (i.e. occupant behaviour and envelope performance, among others). Operational utility 

savings assumptions were derived from a comprehensive Green Star report whereby GB 

performance was self-reported, although there a risk of potential bias from the report producer. 

Operational performance savings differ by climate, local planning requirements and design 

considerations that determine the ‘business as usual’ scenario for which savings are based. 

Additionally, the BAU scenario comprised the average utility consumption data for a large 

number of households, which included a broad range of ages and construction specifications. 

Average construction cost and ‘green premium’ can also differ significantly, depending on 

measures introduced which are unique to each project. In order to reduce the effects of these data 

limitations, the study has focused on conservative assumptions, and has applied a sensitivity 

analysis with the aim to reduce potential data discrepancies.  

4.5 Results 

4.5.1 Tenant savings analysis 

Anticipated tenant utility bills were modelled for BAU and GB scenarios (A2.1 and A2.2 of 

Appendix A: Case study assumptions respectively). The estimated occupancy period for housing 

allocations is consistent with the NRAS scheme of 10 years. The purpose of the tenant analysis is 

to determine the expected utility bill savings, expressed as a total reduction in overall housing 

costs. Table 5 details the difference between GB- and BAU-anticipated utility consumption and 

cost data (i.e. net annual utility cost savings). Energy, gas and water rates have been escalated 

using historical data (see A2.2 of Appendix A: Case study assumptions). 

 

7 Projects of comparable use, location, age, and Green star rating (where applicable) were favoured in the data set (i.e. 

utility consumption data from a comparable apartment building in a cooler climate (Melbourne) would not be 

applicable to that of an apartment building in a warm/temperate climate (Brisbane)). 
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Table 5 - Expected net annual utility savings per unit configuration (BAU vs. GB). 

Unit configuration 

Utility Savings ($) per year  

1 2 3 4 5 6 7 8 9 10 Total 

1 Bed, 1 Person 225 232 239 247 255 264 274 285 297 309 2,627 

1 Bed, 2 Person 418 431 444 458 473 489 506 525 545 567 4,856 

2 Bed, 2 Person 418 431 444 458 473 489 506 525 545 567 4,856 

2 Bed, 3 Person 571 589 607 626 647 669 693 719 747 778 6,646 

3 Bed, 3 Person 571 589 607 626 647 669 693 719 747 778 6,646 

3 Bed, 4 Person 800 823 847 873 901 931 962 996 1,033 1,073 9,239 

Utility consumption rates are related to household occupancy, therefore, larger households with 

more occupants will see a greater net benefit from GB. The analysis suggests that households of 

all sizes can benefit from the scheme. One-bedroom units with one occupant represent the greatest 

representation of low-income households in Yeronga. These tenants can perceivably save an 

average of AUD$5.05 per week over the course of their tenancy. Whilst seemingly marginal, 

when savings are aggregated for all 120 units in the development, and considered over the 10-

year tenancy contract period, the savings are significant. The largest households (four persons) 

can save approximately AUD$17.76 per week. 

4.5.2 Utility expense and housing cost 

Considering the influence of GB certification further, the annual utility savings as a proportion of 

market rent was determined, thereby unpacking the total housing affordability outcomes of the 

various household types and sizes available in the development. 

Baseline tenant utility bills are modelled as a function of rental cost. Market rental rates have been 

escalated according to the CPI, and utility rates escalated accordingly for the 10-year period.  

Table 6 presents the CPI-adjusted annual market rental rate not considering the inclusion of any 

government subsidies. Units with a higher occupancy, generally benefit from a greater savings 

ratio to rent based on typical utility consumption rates. It also evident that operational utility 

expenses escalate at a marginally higher rate than the CPI8; therefore, it is to be expected that the 

NPV proposition of GB will be increasingly favourable over time.  

 

8 The RBA’s target inflation rate is 2-3% (RBA, 2016b) 
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Table 6 - Tenant utility savings as a function of market rent. 

Unit configuration 

Market rent ($) per year 

1 2 3 4 5 6 7 8 9 10 

1 Bed Apt. 14,560 14,778 15,000 15,225 15,453 15,685 15,921 16,159 16,402 16,648 

2 Bed Apt. 18,720 19,001 19,286 19,575 19,869 20,167 20,469 20,776 21,088 21,404 

3 Bed Apt. 22,880 23,223 23,572 23,925 24,284 24,648 25,018 25,393 25,774 26,161 

Annual utility savings (as a proportion (%) of market rent) 

1 Bed, 1 Person 1.54 1 57 1.59 1.62 1.65 1.69 1.72 1.76 1.81 1.86 

1 Bed, 2 Person 2.87 2 91 2.96 3.01 3.06 3.12 3.18 3.25 3.32 3.41 

2 Bed, 2 Person 2.23 2 27 2.30 2.34 2.38 2.42 2.47 2.53 2.58 2.65 

2 Bed, 3 Person 3.05 3 10 3.15 3.20 3.26 3.32 3.39 3.46 3.54 3.63 

3 Bed, 3 Person 2.50 2 53 2.57 2.62 2.66 2.71 2.77 2.83 2.90 2.97 

3 Bed, 4 Person 3.50 3 54 3.60 3.65 3.71 3.78 3.85 3.92 4.01 4.10 

Housing stress is attributed to households that spend more than 30% of their gross household 

income on accommodation expenses. By this definition, we can estimate the approximate 

contribution that GB certification may have on the overall housing stress of a household. In Figure 

19, this margin has been visualised as the ‘housing stress threshold’, which will differ based on 

net household income. For the purposes of this study, we focus on the impact of GB certification, 

expressed as a percentage of market rent, for a typical building for low- and middle-income 

households in Brisbane, Australia.  
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Figure 19 - Housing expense and achievable savings. 

Figure 19 introduces the concept of GB certification as a complementary aspect of existing 

government rental subsidies. NRAS provided a supply-side subsidy to investors to deliver 

reduced market rental costs for low- and middle-income households by 20% (shown as ‘AH 

Scheme’), although its relevance is applicable to international equivalents. The case study 

suggests that inclusion of GB certification into a hybrid GAH policy is expected to further reduce 

household rental costs by an indicative margin (shown as ‘GB Scheme’). The level of additional 

benefit from a GB subsidy will vary by household size. For example, considering Year 1 of the 

economic modelling only, a one-person household would expect to receive a 21.54% reduction 

to their overall housing costs from both the government AH subsidy (NRAS in this example) and 

GB subsidy (utility efficiency).  

Whilst a ‘GB Subsidy’ is expected to deliver cost savings, an additional ‘NRAS subsidy’ (or 

rental subsidy) will be required to reduce housing costs to an affordable level in all modelled 
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additional investment in terms of additional construction or capital costs. It therefore yields the 

net financial benefits. Theoretically, these benefits shall occur over the entire design life of the 

development (i.e. 50-100 years). It is beneficial to conduct an NPV analysis to understand how 

investment made in GB principles may yield value (net benefits) over time. The NPV analysis is 

beneficial to guiding government policy decisions on how, and to what degree a supply-side 

subsidy can be provided to investors.  

A sensitivity analysis was conducted applying three green premium scenarios: (1) Low (1.5%); 

(2) Medium (2.75%); and (3) High (4%) which are added to total construction cost. These 

scenarios were selected based on a sample of average comparable green rated multi-residential 

developments; 59 international and 30 domestic. The methodology supporting the three scenarios 

is outlined in A1.2 of Appendix A: Case study assumptions, and in Table 4.   

The NPV formula was applied considering a 10- and 20-year duration (n = 10, 20) and a 

conservative discount rate of 5%. The discount rate is an important aspect underpinning the 

overall cost-benefit assessment of any NPV calculation. A favourable investment (into GB or 

otherwise) should meet or exceed the normal rate of return available in comparable market 

segments (those which share similar risk characteristics). An NPV of $0 indicates that investment 

into GB principles yields an average annual return of 5% over the period. Morrissey et. al (2013) 

undertook an analysis to determine the appropriate discount rate for energy efficiency 

improvements in the Australian residential sector, taking into consideration economy-wide 

impacts such as carbon pricing considerations. A discount rate of 3.5% or lower was found to 

favour energy efficiency projects (Morrissey et al., 2013). A relatively conservative 5% discount 

rate was selected for this study so that the analysis did not unfairly favour resource efficiency 

initiatives. 

Meaningful utility escalation and discount rates are difficult to accurately estimate beyond a 20-

year horizon, therefore a reduced NPV period was adopted. Consistency with typical NRAS 

tenures (i.e. 10 years) was also considered. The internal rate of return (IRR) was calculated for 

each scenario, as shown in Table 7 overleaf.  
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Table 7 - NPV and IRR for green premium scenarios over 10- and 20-year periods. 

Green 

premium cost 

over BAU 

(%) 

Green 

premium on 

construction 

cost ($) 

NPV green 

premium – 10 

years ($) 

Internal rate 

of return – 10 

years (%) 

NPV green 

premium – 20 

years ($) 

Internal rate 

of return – 20 

years (%) 

Low (1.5) 290,250 72,461 10 404,560 17 

Mid (2.75) 532,125 -157,897 -2 174,203 8 

High (4) 774,000 -388,254 -8 -56,154 -4 

Table 7 indicates that the NPV is sensitive to increases in the green premium on total construction 

cost (TCC) and the period of time used for NPV analysis. Considering utility savings over longer 

periods (i.e. ≥ 20 years) diminishes most of the cost risk associated with the green premium on 

the TCC and improves the overall viability of GB initiatives. The NPV analysis suggests that a 

longer term horizon is favourable, particularly if green premium costs exceed 2.75%. Lower green 

premium costs yield significant return. The results suggest that there is a strong value proposition 

supporting investment decisions towards GB standards. Government support is required to 

distribute these benefits equitably to both tenants and investors. We discuss three policy options 

in the following section. 

4.6 Discussion  

The case study findings suggest that ‘greening’ affordable housing (GAH) may offer positive net 

financial benefits when comparing the savings from utility costs against the additional capital or 

construction cost in the Australian case, and may be applied more broadly with applications 

internationally. The net financial benefits could even be higher if we consider for potential 

increases in residual value of the building (Chegut et al., 2016; Zhang et al., 2017) and plausible 

health and community benefits (Hu et al., 2014). This paper contributes to the limited empirical 

analysis on this new topic of GAH within the Australian context. Consideration of a household’s 

bottom line is an important factor in determining the ‘affordability’ of housing. Whilst market 

rents comprise the bulk of housing-related expenses, utility bills are also substantial household 

expenditures and should receive greater consideration within future AH policy. 

The study invokes a re-think to the way AH incentives are administered, through a combination 

of demand- and supply-side subsidies. Estimated weekly GB household savings of AUD$5.05 to 

AUD$17.76 (one- to four-person households respectively) represent a form of demand-side 

subsidy, although is not solely anticipated to achieve the level of support delivered under current 
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supply-side schemes such as NRAS. In the case of GAH policy, a conditional supply-side subsidy 

(conditional upon meeting GB standards or certification) will still be required in order to achieve 

adequate market rent discounts for low- and middle-income households; however, GB principles 

may be used to supplement these policies. Careful consideration will be required towards 

adequately addressing issues of split-incentives for investors into future supply-side GAH 

schemes, as investors will require a comparable rate of return given other options in the market. 

The NPV analysis has suggested that the net benefit of GB improvements are positive and 

therefore may offer a long-term value proposition as a system. In a scenario where green 

certification of housing stock within a GAH scheme is mandated, three policy options may be 

considered for policy makers:  

1. Provision of a fixed income guarantee, or supply-side subsidy ‘top-up’ commensurate 

with market expectations on return. A portion of the green premium is capitalised into 

the investor incentive. 

2. Implementation of a GB grant scheme to reduce or eliminate the green premium on 

construction cost.  

3. Controversially, capitalisation of the green premium (or a portion of which) into the 

market rent. Caution is to be taken with formulating assumptions on utility savings as 

mentioned in the data limitations, there is often a mismatch of design and as-built 

operational performance savings due to a number of factors (i.e. occupant behaviour and 

envelope performance, among others). Application of this policy may worsen policy 

outcomes for some tenants as it would be forming an assumption on average utility use.  

NRAS has been used as an example of a supply-side subsidy scheme in this paper; however, the 

concepts discussed are anticipated to be transferable to international AH subsidy regimes (with 

regard to local conditions). From the broader context of governance, the inherent 

interconnectedness of political/social, environmental and economic objectives on improving 

social equality, COP carbon reduction commitments, and progressing the ‘green economy’ 

enhance the triple bottom line proposition of a future GAH policy. The NPV analysis conducted 

herein demonstrates the financial value of GB improvements to the ‘system’ on a ‘per 

development’ basis. However, at a macroeconomic level, GAH offers an alignment across a 

broader set of social and environmental objectives. A broad GAH scheme may serve as an enabler 

for the development of a robust GB economy – establishing demand for efficient and innovative 

construction practices, supply chains and developing national capacity towards ‘greener’ 

construction. Whilst the seamless coupling and achievement of social and environmental targets 
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are key elements of an overall GAH policy, this paper was focused primarily on the 

economic/financial persuasion. 

Through NRAS, financial incentives to private landlords and developers resulted in initial supply 

successes, yet ultimately failed to attract large-scale institutional investment into the sector. Bond-

financed affordable housing delivery models, or, Housing Supply Bonds (HSB’s) have been the 

primary focus of much of the literature, with a number of successful international examples 

applied in the United Kingdom, Austria and Switzerland (i.e. the Co-operative Swiss housing 

bond model and the Australian ‘Housing Construction Convertible Bond’ model (Lawson et al., 

2009)). These models arguably offer better ‘value for money’ towards the issue (see (Berry, 2003; 

Berry & Hall, 2005; Lawson et al., 2014). Australian AH policy is entering a period of transition. 

In late 2017, the Australian treasury announced the roll out of an ‘Australian Bond Aggregator 

Model’9 , with its foundations based in exemplar EU cases and academic research. With these 

changes, and a focus on government-backed bond financing models, GAH policy – which focuses 

on residential green certification (and the securitisation of these assets) – is enhanced by the 

emerging demand for ‘low-carbon’ investments (i.e. Green Bonds). This represents an 

opportunity to channel a burgeoning ‘Socially Responsible Investment’ (SRI) portfolio from 

institutional investors towards the Australian AH problem. GAH housing serves to address the 

criteria of both social impact bonds and green bonds alike, and bond-based financing models 

generally offer the appropriate size, liquidity and risk-adjusted returns required by institutional 

investors- whose participation in future schemes is much needed. Examples have begun to emerge 

internationally. New York State, for example, issued a USD $100m Green Bond in 2016, with 

proceeds going directly into GAH housing (Coen, 2016). Certification measures serve to reduce 

the risk of ‘green washing’ underlying assets held within Green Bond issuances. Should an 

expansion of financing avenues translate into lower financing costs for GAH developments, the 

value proposition is further enhanced. 

Beyond ‘affordable’ housing policy, it is important to note that the social housing stock remains 

largely undeveloped in Australia; accounting for only 4% of all dwellings. This is in stark contrast 

 

9 The Australian Bond Aggregator Model will be administered via a newly established ‘National Finance and 

Investment Corporation’ (NHFIC). The NHFIC will have an independent Board responsible for distributing 

loans to Australian community housing providers (CHPs) for the expansion of affordable housing stock. CHPs 

will benefit from a reduction in financing costs versus traditional means. Seed capital supporting the NHFIC will 

be raised via the bond market, guaranteed by the Commonwealth (for more see Lawson 

https://www.ahuri.edu.au/policy/ahuri-briefs/bond-aggregator-model). 
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to European countries with mature and well-funded social housing programs such as in Austria, 

Sweden and the UK, where net stock accounts for 25%, 20% and 18% of all dwellings 

respectively, and 17% of all housing in the EU (Chegut et al., 2016; Pawson et al., 2018). A shift 

towards progressive GB policies in this early stage of development in the Australian affordable 

and social housing sector presents the country with a unique opportunity to ensure that future 

construction captures the benefits of superior operational utility efficiency.  

4.7 Conclusion 

Over the past decade, declining housing affordability in Australia, and much of the developed 

world, continues to affect an increasing number of households each year. Escalating residential 

gas, electricity and water prices compound the issue, further increasing housing costs. 

Collectively, these issues exacerbate affordability issues for low- and middle-income rental 

households.  

In this paper we have introduced the notion of capitalising on GB principles, and the associated 

utility savings, as a demand-side subsidy to low- and middle-income households. We propose that 

an innovative GAH policy may offer a solution for mitigating the issues of split-incentives – 

delivering value for both tenants and investors, and ultimately delivering net benefits to 

government though wider environmental, economic and social considerations. We present a 

quantitative estimate of household utility savings through a case study of a Green Star multi-unit 

residential social housing development in Brisbane, Australia. Acknowledging study data 

limitations, rental households were estimated to save an average of AUD$5.05-AUD$17.76 (one- 

to four-person households respectively) on weekly utility costs. Aggregating annual utility 

savings over a 10-year tenancy arrangement reduced the total rental housing cost by 1.68-3.77%, 

thereby enhancing the objectives of a NRAS-type scheme. The NPV analysis of the case study 

showed that developments are sensitive to a high ‘green premium’ on construction costs; 

however, a positive NPV was calculated for all longer term green premium scenarios examined. 

Low- and middle-income households benefit from long-term savings through reduced utility bills, 

further enhancing housing affordability outcomes and hedging against future utility price 

increases. Overall, the findings support the case for GAH policy in Australia and more broadly, 

offer synergies applicable to supply-side AH policy internationally. 

Designing GAH policy that will attract Socially Responsible Investment (SRI) from large 

institutional investors is an important consideration. As the demand for ‘green’ asset classes grow 



Chapter 4 – Foundation study 1 

77 

 

internationally (CBI, 2018a) there are emerging opportunities to capitalise on bond-based 

financing models which finance a pool of underlying green certified affordable housing assets.  

The design of future policy is recommended to consider an incentive structure that rewards 

superior operational performance of rental stock provided to low- and middle-income households, 

whilst meeting investor expectations on return. Broadly, the intent of these incentives may 

empower low- and middle-income households with equal opportunity for access to operationally 

efficient homes, achieving equitable amenity, operational comfort and building performance, to 

those benefited by many homeowners. The evidence provided in this paper suggests that GB 

investments can offer enhanced building lifecycle operational efficiency in a cost-effective 

manner. Having said that, government support is required to meet market rent discounts 

comparable to existing supply-side schemes such as NRAS in Australia and similar schemes 

internationally.  

Further research is required to create comprehensive GAH policy; three policy options are 

provided in this paper as a starting point. Consideration of key stakeholders, their interactions and 

key performance indicators are required to develop effective policy measures. In particular, an 

understanding of innovative financing avenues, such as green, and social impact bonds, and their 

impact on AH policy outcomes is needed in the Australian context. Whilst GAH development is 

not a panacea, it remains a step towards improving overall housing affordability outcomes for 

low- and middle-income households.  
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Is there a green premium in the Green Bond market? Systematic literature review 

revealing premium determinants. 

Abstract 

The green bond market is emerging as an impactful financing mechanism in climate change 

mitigation efforts. Studies investigating this market have revealed the notion of a ‘green premium’ 

or ‘greenium’ within green bond pricing, including insights into influential characteristics and 

drivers that govern it. However, methodological heterogeneity among these studies has resulted 

in general ambiguity regarding a consensus over the existence of the green premium. This 

research addresses this gap through a systematic literature review with the aim of establishing a 

consensus on the existence, or nonexistence, of a green premium in the green bond market. The 

review examines studies published between 2007 and 2019. A ranking of the green bond 

characteristics most likely to exhibit a green premium is organised, including a framework of 

driving factors. The findings confirm a consensus on the existence of a green premium within 

56% of primary and 70% of secondary market studies, particularly for those green bonds that are 

government issued, investment grade, and that follow defined green bond governance and 

reporting procedures. The green premium varies widely for the primary market; however, an 

average greenium of −1 to −9 basis points on the secondary market is observed. Overall, our 

findings highlight the crucial role of strengthening environmental preferences amongst bond 

market participants; including implications for bond pricing theory, by suggesting that future bond 

pricing should consider noneconomic motives of investors, such as environmental preferences; 

and, for future growth implications as a catalyst towards the financing of climate change 

mitigation efforts globally. 

 

Highlights: 

• Systematic literature review investigates a consensus on a green premium in the green 

bond market. 

• Drivers of the green bond premium are investigated. 

• Bond characteristics most likely to exhibit a green premium are organised and ranked. 

• A consensus is established on the green premium within green bond prices. 

 

Keywords: Green Bonds; Green Economy; Environmental Risk; Socially Responsible 

Investment. 



Chapter 5 – Foundation study 2 

80 

 

5.1 Introduction 

The global green bond market has emerged as a promising avenue for financing a transition to a 

lower-carbon, resilient economy (Banga, 2019). In the four years leading up to 2019, global green 

bond issuances recorded a fivefold increase, reaching over US$ 257 billion annually (CBI, 2019), 

and they are expected to reach US$ 1 trillion per year by 2030 (Fatin, 2019). The explosive growth 

of the market has demonstrated a clear unified momentum towards pro-environmental preferences 

for both bond issuers and investors alike. So bullish is this sentiment, that evidence has emerged 

of a ‘green premium’, or ‘greenium’ (the terms are used interchangeably), which is defined as the 

difference between the yields on a conventional bond (CB) and a green bond with similar 

characteristics (Agliardi & Agliardi, 2019). A ‘greenium’ implies that the yield an investor is 

willing to accept for a ‘green’ asset is lower than that of conventional counterparts. In the primary 

market, where new bond issuances are offered to the market, these price differentials would be 

represented in a higher price for a green bond than for a CB on the issue price. On the secondary 

market, after bonds have been issued, they are traded freely on the open market and are subject to 

price movements. In other words, the presence of a negative greenium in either primary or 

secondary markets would imply that a green bond is trading at a lower yield (or higher price) 

versus a CB of similar characteristics; this means that a pro-environmental investor would be 

willing to accept a lower yield by the issuer in exchange for the opportunity to invest in a green 

alternative. For investors, this notion suggests nonfinancial benefits evident through a deeper 

exploration of the drivers of the green premium, which are addressed in this study. For issuers, 

the implementation of projects which target environmental action is rewarded through a lower 

cost of finance. The capitalisation of pro-environmental investor preferences offers an important 

catalyst towards delivering the estimated US$ 46 trillion investment required to avoid ‘dangerous’ 

impacts of climate change, considered to involve a 2-4.5 °C rise in global average temperature by 

2050 (OECD, 2017; Sherwood et al., 2020). Since 2007, the green bond market has delivered a 

cumulative US$ 512 billion towards green assets (CBI, 2018b), and is expected to continue to 

make substantial contributions to this end (Fatin, 2019). 

As the green bond market has developed, the quantity of literature examining green bond pricing 

and characteristics has grown. Literature investigating the green premium is diverse, employing 

unique methodological, control variable(s) or data sampling differences, which have resulted in 

general ambiguity regarding a consensus over the existence of a greenium in the green bond 

market. Individually, these studies offer crucial insights into pricing differentials of green versus 

conventional bonds as well as the drivers governing these price differences. Taken together, a 
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consensus can be assessed, which has previously been absent in the literature. Further insights 

can also be assessed, including the green bond characteristics that are commonly associated with 

a green premium and broader driving factors governing the demand for green bonds. This study 

therefore seeks to address this research gap through a systematic literature review, with the aim 

of identifying, synthesising, and examining studies that claim the existence (or nonexistence) of 

the green premium in the primary and secondary markets. The review provides insights into the 

following three fundamental questions: 

1) What are the driving factors for the demand of green bonds, from social, economic, and 

environmental perspectives? 

2) What is the consensus on the existence of a greenium within the primary and secondary 

green bond markets? 

3) Which green bond characteristics most commonly exhibit a green premium? 

To address these three research questions, this study first engages with existing literature to 

propose a framework of the driving factors and detractors governing the demand for green bonds 

and the propensity for a green premium. These factors are organised into social, economic, and 

environmental drivers which are either stimulating or detract from pro-environmental preferences 

for green bond issuers and investors globally. 

Second, a review of 15 peer-reviewed academic and industry studies, which focus on an analysis 

of the green premium, is undertaken to derive a novel, broad-based consensus on whether a 

greenium exists in these studies, and by what margin. The scope includes papers that investigate 

both private and public green bond issuances, and those published between 2007 and 2019. Many 

of these studies engage global datasets, which draw on both developed (Baker et al., 2018; 

Gianfrate & Peri, 2019; Karpf & Mandel, 2018) and emerging markets (Bachelet et al., 2019; 

Nanayakkara & Colombage, 2019; Tang & Zhang, 2018). The inclusion of emerging market data 

is particularly relevant for the implications of this study with regards to engagement with a global, 

generalised narrative on the state of the green bond and also regarding future implications. 

Recently, green bond issuance has shown the most growth in emerging markets and non-

traditional currencies such as the Chinese Yuan Renminbi (CNY) (Chiesa & Barua, 2019), 

although a significant portion of studies are based on the European and US bond markets.  

Lastly, the circumstances in which the green premium most frequently arises are investigated. 

Observations from the systematic literature review are grouped into data sample characteristics, 

which are organised by subgroups that include the study timeframe, bond type, credit rating, and 
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governance. Furthermore, influential bond characteristics are organised and ranked using a 

correlation analysis to reveal green premium determinants. 

The review highlights the crucial role of strengthening environmental preferences amongst bond 

market participants and the institutions that support them. For both issuers and investors, 

environmental social governance (ESG) objectives are increasingly motivating business 

decisions, particularly as the benefits of social and environmental capital—gained from ethical 

investment practices—increasingly align with economic objectives. The findings of this paper 

confirm that there is value in the ‘green’ bond label; the majority of studies in this review confirm 

the existence of a green premium in primary and secondary green bonds compared with their CB 

counterparts—particularly for bonds trading on the secondary market. Furthermore, this study 

finds that bond governance characteristics, such as adherence to recognised green bond 

certification standards, and the engagement of a third-party reviewer to validate and report on the 

use of green bond proceeds, are essential factors driving the green premium. 

These findings have significant implications for governments, industry, and the future growth of 

the green bond market in general. The presence of a green premium in the primary and secondary 

markets demonstrates strong investor demand in pro-environmental projects, resulting in 

plausible financing benefits. For academia, this research has implications for bond pricing theory 

by suggesting that future bond pricing should consider noneconomic motives of investors, such 

as environmental preferences. Green bonds offer an investable medium which connects investors’ 

willingness to act on climate change, despite being at a marginal cost, with a practitioner’s ability 

to deliver cleaner production. 

The remainder of this paper is organised as follows. Section 5.2 provides an overview of the 

maturing green bond market, regulatory developments, and narratives on the evidence for the 

green premium. Existing literature is organised into a framework of the key drivers of the green 

premium. Section 0 presents the methodology of the study, outlining the steps of its systematic 

literature review. Section 5.4 establishes the results of the review and engages with a discussion 

on the implications of the findings. Finally, Section 5.5 concludes the paper with a discussion of 

research implications and future work. 

5.2 Background 

5.2.1 The maturing green bond market  
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The introduction of the first GB in 2007 was the start of a formalised process to connect capital 

markets to ‘green’ investments with measurable, and often verified,10 environmental outcomes. 

GBs are a relatively new type of bond, defined by the International Capital Markets Association 

(ICMA) as “any type of bond instrument where the proceeds will be exclusively applied to finance 

or re-finance, in part or in full, new or/and existing eligible green projects” (ICMA, 2018a). This 

means environmentally or climate-friendly projects, such as renewable energy, green buildings, 

clean transportation, sustainable waste management, sustainable land use, biodiversity, and clean 

water. ‘Sustainability’ bonds and ‘social’ bonds have also emerged, which co-exist with GBs 

following a similar ‘socially responsible’ mandate; however, they have different focuses such as 

food security, affordable housing, and access to essential services for specific population groups. 

This paper focuses on GBs, and crucially how they perform within the primary and secondary 

bond markets versus comparable conventional bonds, in addition to the factors governing their 

growth. The literature review focuses on sources from academia and industry. 

5.2.2 Regulatory maturation 

The momentum of continued issuance and market demand has led to a growing consensus on 

what constitutes a green bond (ICMA, 2015); however, the lack of systematic rules and 

standardisation of green definitions is a shared and enduring source of concern cited by 

participants in the market. Issuers face reputational risk from ‘green washing’ if proceeds are not 

used for their intended purposes or if issuers are unable to prove that proceeds directed to projects 

are having a positive environmental impact (KPMG, 2015a). Early green bond issuances were 

largely self-reported, and therefore lacked clear typologies on their ‘greenness’ (Kidney, 2019). 

In response, there has been a market-led effort to develop a standardised approach to assessing 

the environmental integrity and impact of green bonds. Voluntary market-led initiatives including 

the ‘Green Bond Principles’ (GBP) promote transparency in the disclosure of bond proceeds. 

Initiatives such as the ‘Climate Bonds Standard’, administered through the Climate Bonds 

Initiative (CBI), outline certification procedures for green bonds. Regional guidelines have also 

emerged, such as China’s ‘Green Bond Assessment and Verification Guidelines’ of the People’s 

Bank of China and China Securities Regulatory Commission; the European Union (EU)’s ‘Green 

Bond Standards’ of the EU High-Level Expert Group on Sustainable Finance; and the Green Bond 

 

10 Third party verification is emerging as a standard on many new Green Bond issuances. Proceeds are tracked and 

reported upon. There are developing standards through the Climate Bonds Initiative and the International Capital 

Management Association, among others (ICMA, 2018a). 
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Standards of the Association of Southeast Asian Nations (ASEAN). Engagement of second- and 

third-party verifiers who assess and report on green bond asset allocations is increasingly common 

among certification guidelines. The number of bonds issued alongside external review has 

increased from 53% in 2014 to 83% in 2018. Regulatory maturation has been a critical factor in 

improving data consistency among green bond studies (Bour, 2019). 

5.2.3 Evidence of the green bond premium 

The maturation of the market has enabled market observers to investigate green bond 

characteristics, particularly with the emergence of indices that improve the quality and availability 

of green bond data; the first was available in 2013 by the CBI, followed by Bloomberg in 2014, 

and then the later additions of ‘Cbonds’, ‘Dealogic’, and ‘Environmental Finance’ in 2015 

(ICMA, 2018b). These databases have provided a basis for much of the academic literature and 

are the primary source of data for green bond-related studies. The application of consistent data 

sources and samples has led to robust and comparable studies which have focused on specific 

elements of green bond characteristics.  

Early investigation into the existence of a green bond greenium was predominantly led by 

industry. Barclays bank examined yield differentials of a broad global sample derived from the 

Bloomberg Global Green Bond Index. The study examines the secondary market between March 

2014 and August 2015. An ordinary least squares (OLS) regression of the credit spread that 

decomposes common risk factors points to a negative premium of 17 bps (Preclaw & Bakshi, 

2015). HSBC (2016) and Bloomberg (2017) follow with their own investigations, employing 

different methodologies and samples. HSBC finds no green bond premium (HSBC, 2016), whilst 

Bloomberg finds a negative premium in EUR-denominated government bonds only (Shurey, 

2017). 

Building on earlier studies (Baker et al., 2018; Gatti & Florio, 2018), Zerbib (2019) quantifies 

‘pro-environmental’ preferences evident in bond prices using a matching method, and 

subsequently applies a two-step regression procedure to compare yield spreads between green 

and conventional bonds in the secondary market. A negative premium of 2 basis points (bps) is 

found across a sample spanning from July 2013 to December 2017 (Zerbib, 2019a). The negative 

premium is more pronounced for financial and low-rated bonds. Elhers and Packer (2017), 

however, do not note any price premiums in their secondary market analysis, but they do find a 

price premium for green bonds in the primary market (Ehlers & Packer, 2017). Similarly, in a 

study employing different control variables on a wider set of data (2007–2017), Tang (2018) finds 

no price premium when using a yield spread analysis between the same issuing firm in the same 
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year, although in a broad sample finds that green bonds are issued at a yield spread 6.94 bps lower 

than corporate bonds issued by similar firms (Tang & Zhang, 2018). Evidence from the US 

municipal GB market suggests that the green premium is a more recent phenomenon. Examining 

the yield curve of a large dataset of US municipal bonds, Karpf and Mandel (2018) find that 

overall, the yield curve of green bonds are systematically below CB yields (Karpf & Mandel, 

2018).  

As part of the maturation of the green bond regulatory environment, disclosure costs, or ‘green 

transaction costs’, have been an initial concern in the development of the green bond market (Febi 

et al., 2018). The Climate Bonds certification process, for instance, adds costs of approximately 

0.1 bps. The engagement of a third-party to verify asset allocations and reporting requirements is 

also required at additional cost. In total, voluntary reporting costs are reported to be approximately 

0.5–3 bps (Kidney, 2019). 

 A review of emerging literature examining green bond pricing reveals a broad base of useful 

observations to obtain a greater understanding of the green bond premium, its drivers, and the 

characteristics that determine it. The initial evidence suggests a confirmation of the existence of 

a green premium on green bond prices; however, a consensus is required. The present study 

addresses this gap through a systematic literature review, which organises individual studies that 

have investigated the green bond premium to deliver a generalised consensus on the green 

premium, as well as the plausible driving factors and green bond characteristics most commonly 

associated with the green premium in bond pricing. 

5.2.4 Drivers of the green premium 

Recent literature has focused on determining drivers of the growth of the green bond market; 

however, investigations into the drivers of the green premium, using a systematic approach, are 

largely absent in the literature. This study proposes a framework of these drivers based on 

literature that has investigated green bonds, which is organised into core social, economic, and 

environmental factors. These factors have been found to influence green bond versus CB pricing 

characteristics in the primary and secondary bond markets. 
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5.2.4.1 Social drivers 

In broad terms, the growth of the green bond market coincides with an increasing trend towards 

corporate social responsibility (CSR) practices among public and private organisations (Febi et 

al., 2018), and an increasing demand for socially responsible investment (SRI) products amongst 

investors (Maltais & Nykvist, 2020). These trends compliment the growth of the social and 

sustainability bond markets, which co-exist with the green bond market, to promote positive 

change in society and the environment. ESG criteria, which are related to both CSR and SRI 

objectives, have been gaining traction as a measure of firms’ approach to collective issues deemed 

important to society. Such issues include a focus on a firm’s approach to environmental 

stewardship of nature; social issues including human rights and diversity; and issues of 

governance, which include management structure and employee relations among others. A 2018 

report surveying over 500 respondents finds that almost 90% of institutional investors worldwide 

changed their voting or engagement policies in the previous 12 months to pay more attention to 

ESG considerations (Endelman, 2018). As of 2018, US$11.6 trillion of all professionally 

managed assets, comprising US$1 of every US$4 invested in the United States, were under ESG 

investment strategies. Climate change mitigation in particular was amongst the top criteria for 

institutional money managers, who specialise in managing the securities portfolios of institutional 

investors (US-SIF, 2018). 

Ethical or SRI practices aim to support socially ‘good’ enterprises, which increasingly encompass 

initiatives that support climate change mitigation efforts. SRI is not a new concept, having origins 

Figure 21 - Drivers of the ‘green premium’ for bond investors and issuers. 
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in Jewish, Christian, and Islamic traditions, although more recently being driven by government 

regulation. Early examples date back to medieval Christian beliefs, which imposed ethical 

restrictions on loans based on the Old testament. In the 17th Century, Quakers settling in North 

America refused to profit from the weapons and slaves trades. The 19th century saw publicly led 

initiatives by social investors, taking a stance against profiteering from war, alcohol, tobacco, 

gambling, and social injustice among others. Social drivers towards environmental sustainability 

gain traction from 1986, coinciding with the Chernobyl nuclear power plan disaster as well as the 

Exxon Valdez oil spill, one of the worst environmental disasters in US history. In recent times, 

government-supported initiatives in the form of an SRI regulatory environment have helped to 

facilitate the growth of the market, particularly for institutional investors (such as in pension, 

sovereign wealth, and insurance funds). These initiatives have included broadened product 

disclosure requirements and tax concessions for market participants pursuing SRI objectives (for 

a comprehensive list see (Renneboog et al., 2008)). Investment products that violate the core 

credence of SRI principles, so-called ‘sin’ stocks, have less institutional ownership because they 

are subject to societal norms (Hong & Kacperczyk, 2009). Hedge funds and private capital are 

less represented, although they are increasingly subject to these expectations. 

Related to these trends is the emergence of ‘ethical consumerism’, evident in the propensity for 

some individuals to rationalise purchase decisions, even at a greater cost, increasingly aligned 

with environmental concerns according to personal values (Gupta, 2015). The societal norm of 

questioning the environmental sustainability of the status quo and a common consensus on the 

threat of global climate change are arguably driving an increasingly imbued sense of personal 

moral obligation amongst market participants. As individual representatives of the primary 

institutions that comprise modern society, namely government, corporate institutions, and 

investors, it is expected that the push and pull factors facilitating the supply and demand of 

climate-aligned investments will grow. Bollen (2007) argues that investors may have a multi-

attribute utility function, which is not only based on the standard risk–reward optimisation but 

also incorporates a set of personal and societal values (Bollen, 2007). 

Green bonds offer a medium for convergence between organisational capital-raising for CSR-

related objectives and SRI interests, particularly towards environmental considerations. Arguably, 

the motivations of green bond participants are not entirely altruistic. It could be argued that green 

bonds offer market participants a degree of community recognition and reputational prestige. 

Association with green bonds, for both the issuer and investors, offers a degree of social capital. 

Although social capital as a concept is difficult to quantify, positive economic effects have been 

found for corporate firms highly engaged in CSR- and/or ESG-related activities, which are 
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discussed in more detail in the next subsection. The findings of this paper confirm that investors 

value the green label as well as its associations with the social capital gained from ethical 

investment practices. 

5.2.4.2 Economic drivers 

Economic drivers of the green bond premium have been well established in the literature, and 

have been largely attributed to the undersupply of green-labelled investment products, particularly 

as growing interest has resulted in a scarcity premium for green issues. The demand-side growth 

of green bonds is evidenced by the frequent oversubscription of new green bond issuances 

globally, particularly where tax incentives are in place (Burton, 2018; Siswantoro & Iop, 2018). 

In the US municipal bond market, for example, green bonds selling in the primary market are 

oversubscribed by more than three times on average (Burton, 2018). In India, some concessions 

in the form of tax exemptions have been introduced to stimulate the domestic demand for green 

bonds. The tax-free bond issued by the Indian Renewable Energy Development Agency Limited 

in 2016 was oversubscribed by more than five times (Agliardi & Agliardi, 2019). 

In addition, green bonds have been found to offer diversification benefits, and therefore lower 

risk for bond investors (Daszynska-Zygadlo et al., 2018; Pham, 2016; Reboredo & Ugolini, 2019). 

In a 2012 study, Iderst et al. find that green bonds exhibit a low correlation with other fixed 

income securities and therefore provide diversification benefits to investors (Inderst et al., 2012). 

Preclaw and Bakshi (2015) suggest that green bonds are less risky or volatile than CBs, 

particularly when aligning the tighter spreads with risk-adjusted returns. Since long-term 

investors are well represented within the green bond market (Hong & Kacperczyk, 2009), their 

presence may imply lower liquidity among green bond issuances, and thus price stability (Preclaw 

& Bakshi, 2015). In effect, mitigating for negative influences of ‘short-termist’ investment 

behaviour which has led to problematic asset price bubbles within financial markets (Callen & 

Fang, 2013; Croce et al., 2011). 

For issuers, firms that are highly engaged in CSR have been found to achieve favourable stock 

returns (Derwall et al., 2005; Kempf & Osthoff, 2007; Konar & Cohen, 2001).  Similarly, these 

activities have been found to enable firms to benefit from a lower cost of equity capital (Dhaliwal 

et al., 2011; El Ghoul et al., 2011). In one example, Tang (2018) finds that corporate 

announcements of an upcoming green bond issuance have positive effects on that corporation’s 

stock prices, resulting in a cumulative abnormal return within 10 days of the announcement (Tang 

& Zhang, 2018). 
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5.2.4.3 Environmental drivers 

Lastly, environmental drivers are proposed, which are more broadly associated with both 

economic and social drivers. In theory, green bonds offer a means to demonstrate a proven and 

measurable impact (through third-party verification) towards environmental concerns in a way 

that resonates with ESG reporting principles. They offer a means for mitigating broad 

environmental risk concerns (Clapp, 2018), although these are difficult to quantify because they 

are accrued collectively. As part of corporate ESG reporting criteria, green bonds offer synergies 

with carbon-reporting requirements, which can be more directly associated with efforts to mitigate 

environmental impacts and climate change. Investors are better able to enact targeted climate 

change mitigation efforts because green bonds are invested in a wide range of environmentally 

beneficial assets, ranging from solar power generation to ‘green’ affordable housing (MacAskill 

et al., 2019). Studies note that voluntary nonfinancial disclosure of proceeds is an important factor 

in governing market prices for green bonds; the pricing benefits often exceed the cost (Baker et 

al., 2018; Hyun et al., 2019). For example, Hyun (2019) finds that green bonds that engage an 

independent third-party reviewer report a 7 bps green premium. This green premium is more 

pronounced (i.e., 9 bps) for green bond issuances with both an independent third-party reviewer 

as well as certification through the CBI. Evidence from the support of nonfinancial disclosure 

suggests that investors and issuers alike place a high value on ESG impact reporting. 

Collectively, these social, economic, and environmental drivers have supported the development 

of the green bond market and the green premium.  

5.3 Methodology 

A systematic literature review is the primary methodology for this study. A systematic review 

“aims to comprehensively locate and synthesise research that bears on a particular question, using 

organised, transparent, and replicable procedures at each step in the process” (Littell, 2008; 

Stechemesser & Guenther, 2012). 

The review draws upon previous studies which focus specifically on analysing and identifying 

pricing discrepancies of ‘green’ versus comparable ‘conventional’ bonds of similar 

characteristics. The method follows a three-step process (Fink, 2010). In the first step, key 

research questions, databases, and appropriate search terms are refined. Steps two and three 

involve screening criteria for both practical criteria (study timeframes and sources) and for 

methodological screening criteria (methods and paper focus). These steps dictate which resources 

are included and excluded from the sample. 
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5.3.1 Study process 

5.3.1.1 Step 1: Research questions, databases, and appropriate research terms 

A systematic approach to search terms is established to ensure appropriate content matching 

relevant to our research question. Journal articles and industry reports published within the 2007–

2019 period (as of October 1, 2019) are the primary focus. The search criteria favour a broad 

keyword: ‘Green Bond’. In this way, all relevant literature can be screened while seeking to 

mitigate the effects of confirmation bias. It is found that papers apply different terminologies to 

pricing asymmetries, since not all papers explicitly use the ‘greenium’ or ‘green premium’ label. 

The scholarly databases used in this study are Scopus, Web of Science, and Google search. Where 

applicable, industry reports frequently cited in the literature are included in the review. The search 

results are limited to articles in the English language. 

5.3.1.2 Step 2: Practical screening criteria 

Peer-reviewed journal papers with a robust methodology take priority in the review; however, a 

range of sources including book chapters, conference proceedings, news articles, and reputable 

industry analysis reports are used (typically published by major banking institutions). In total, 96 

journal articles and 16 targeted industry reports are considered under the initial scoping criteria. 

The screening methodology is visualised in Figure 22.   
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Figure 22 - Systematic review methodology. 

Broad drivers of the green premium are informed by 34 full-text articles, which are assessed for 

eligibility in the final review. These articles provide useful insights into broader narratives related 

to the green premium; however, 19 are excluded from the final analysis. Only studies that examine 

green bonds in the primary and/or secondary market and provided quantitative results are eligible 

for inclusion. In total, 15 full-text articles are included in the final analysis. Several articles 

examine the greenium characteristics of green bonds matched with CBs under differing scenarios, 

controlling for effects such as size, rating, alignment with green bond principles, and third-party 

verification, among others, within the primary and secondary markets; these articles offer several 

relevant ‘observations’ that are carried forward. Several papers provide multiple observations of 

green bond pricing characteristics under varying control variables or data samples (primary and 

secondary market data). Where this analysis is supported by a robust analysis, these relevant 
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findings are carried forward as separate observations in our sample. Through this process, a total 

of 30 observations are included to derive the consensus. 

5.3.1.3 Step 3: Methodological screening criteria 

The review broadly focuses on peer-reviewed articles that specifically examine the pricing 

differentials of green bonds compared with conventional bonds and that are also able to answer 

the fundamental research question of this paper, namely whether a green premium is evident. 

Governing factors found to be impacting green bond growth are also noted. 

Studies examining the green premium in the primary market use a basket of comparable issuances 

to graph a yield curve. Through this, pricing differentials can be determined for green bonds 

versus CBs in the same basket. Within secondary markets, a common methodology employs an 

ordinary least squares (OLS) or generalised least squares (GLS) regression using fixed effects 

(FE) applied to time series data. Alternative approaches to time-varying correlations include the 

dynamic conditional correlations (DCC) method. DCC techniques are widely applied for the 

analysis of daily data. Bond yield, maturity, issued amount, rating, group, and currency are 

common independent variables used in OLS and GLS regressions. Data limitations are noted 

when comparing studies that apply heterogenous methodologies, data samples, and control 

variables; however, the aim of the methodical screening criteria is to be subjective toward the 

conclusions of each study. 

No single methodology nor control variable is favoured in this review—control variables are 

important determinants in each study. These are noted as a data limitation of the present study 

and are outlined in the next section. Of the empirical works on GBs analysed in this paper, many 

are focused on estimates of the green bond premium and its relationship with bond characteristics 

such as rating, issued amount, governmental versus nongovernmental issuer, liquidity, or 

volatility. This review aims to more simply examine whether a premium exists and under what 

conditions. Article conclusions on spreads and under what conditions are noted (i.e., green bond 

with third-party verification vs. CB benchmark, green bond labelled vs. green bond benchmark). 

Where a basis point yield differential is found, the median result amongst the article sample is 

carried forward. Studies that show no statistical significance are also carried forward. 

5.3.2 Sample overview 

Whilst the literature examining the green bond market is still in its infancy, broad and robust 

subsets of key characteristics exist for comparison. Specifically, different data samples can be 
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clustered and compared based on categories such as timelines, sector samples (corporate, 

municipal, or both), issuer (same or mixed), location (emerging or developed markets), and 

specific green bond governance characteristics such as adherence to the GBP, CBI Certification, 

and whether samples include a third-party assessment. 

Broadly, the timeframe is well studied. Samples in this study range from the inception of the GB 

market in 2007 to 2019. An average time sample timeframe of 6 years’ worth of bond market data 

points is used, and 2015 is the most studied year for the green bond market. Studies beyond 2013 

yield the greatest number of observations in the literature, which is attributed to greater data 

availability on green bonds through compiled indices from this year. As noted, the first becomes 

available in 2013 from the CBI, followed by Bloomberg in 2014, and then the later additions 

Cbonds, Dealogic, and Environmental Finance in 2015. An overview of the papers examined in 

this systematic literature review is presented in Table 8. 

Table 8 - Literature investigating the green bond premium. 

Author 
Green 

premium? 
Description 

(Agliardi & 

Agliardi, 

2019) 

Yes 

Yield curve comparison to assess green bond performance over time from 1 

corporate EU utility provider. 338 observations are assessed from the issuance 

date in 2017. 1 secondary market observation is carried forward. 

(Bachelet et 

al., 2019) 
Mixed 

A global sample of 89 private and institutional bond couples were assessed 

controlling for bond characteristics. Ordinary Least Squares (OLS) and Fixed 

Effects (FE) regression methodologies were used. The time frame of the study 

was between 2013-2018. 3 secondary market observations are carried forward. 

(Baker et al., 

2018) 
Yes 

A US sample of 2,083 green municipal bonds issued between 2010-2016 and 

19 corporate green bonds issued between 2014-2016 are examined using an 

OLS regression. 3 secondary market observations are carried forward. 

(Preclaw & 

Bakshi, 

2015) 

Yes 
A global dataset of green bonds issued between 2014-2015 are assessed using 

a OLS regression. 1 secondary market observation is carried forward. 

(Bour, 2019) Yes 

The yield spreads of a synthetically matched global sample of 536 bonds were 

analysed. The sample examined performance over the 2014-2018 period. 1 

secondary market observation is carried forward. 

(Harrison, 

2019) 
Mixed 

Yield curve comparison of 61 EU and US green bonds issued in the first half of 

2019. 3 primary market observations are carried forward. 

(Ehlers & 

Packer, 

2017) 

Yes 

Analysis of the credit spread on issuance of a cross-section of 21 EU and US 

green bonds between 2014-2017. 1 primary market observation is carried 

forward. 

(Gatti & 

Florio, 

2018) 

Mixed 
Investigated issue spreads on a broad sample of 246 bond couples between the 

2007-2015 period.  3 primary market observations are carried forward. 

(Gianfrate & 

Peri, 2019) 
Yes 

European (EU) focused study score matching a broad sample of 121 green 

bonds issued between 2013-2017. 2 primary market and 1 secondary market 

observations are carried forward. 

(Hachenberg 

& Schiereck, 

2018) 

Mixed 

Analysis of the i-spreads (using a yield curve) between a global sample of 617 

matched corporate bonds between 2015-2016. 4 secondary market observations 

are carried forward. 

(Hyun et al., 

2019) 
Yes 

A global dataset of 60 green bonds, paired with synthetic conventional 

counterparts. Yield-spreads and regression (fixed effects and cross-sectional) 
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methodologies were used. The sample included 1,365 bond-month observations 

between the 2010-2017 period. 3 secondary market observations are carried 

forward. 

(Karpf & 

Mandel, 

2018) 

No 

A large sample of 1,880 US municipal bonds were assessed between the 2010-

2016, using the Oaxaca-Blinder decomposition method. The study noted 

observations in latter years trended towards a green premium. 1 secondary 

market observation is carried forward. 

(Nanayakkar

a & 

Colombage, 

2019) 

Yes 

A mixed, global dataset 82 green bond issues representing 52 companies in 25 

countries formed the basis of the study. Bonds were matched and compared 

using a panel data regression over the 2016-2017 period. 1 secondary market 

observation is carried forward. 

(Tang & 

Zhang, 

2018) 

Mixed 
A global dataset of 665 corporate issuances are examined between the 2007-

2017 period. 2 secondary market observations are carried forward. 

(Zerbib, 

2019a) 
Yes 

A global study of 110 green bonds following a matching procedure and a two-

step (fixed effects and cross-sectional) regression. The analysis examined 

corporate issuances from the same issuer over the 2013-2017 period. 1 

secondary market observation is carried forward. 

5.3.2.1 Data limitations 

The nonhomogenous particularities of studies included in this review are acknowledged. Results 

will differ with the application of varying data samples, time, bond rating, control measures for 

liquidity and maturity, methodologies, and statistical analysis techniques. Notably, each study 

employs its own robustness checks; however, the use of individual methodologies and control 

variables on similar datasets are found to yield conflicting results. In the US municipals market, 

for example, pricing is highly sensitive to tax features (Atwood, 2003). Despite similar data sets, 

Karpf finds a positive greenium on US municipal bonds (Karpf & Mandel, 2018), whereas Zerbib 

and Baker, drawing from moderately different methodologies and control variables, find a 

negative greenium (Baker et al., 2018; Zerbib, 2019a). 

Some ambiguity exists over what constitutes a green bond, because the green bond label remains 

unstandardised. CBI and Bloomberg, for instance, cite ‘many shades of green’ for green bond 

allocations (Kidney, 2019); therefore, some studies engage with a broader definition when 

matching comparable bonds. This ambiguity can lead to misleading bps estimates on the green 

premium since studies employ different datasets, particularly for datasets taken prior to 2013 and 

the establishment of more robust green bond taxonomies and databases. 

Our study draws from all relevant studies within our observation period. These studies are diverse 

in nature, drawing from a variety of data samples; for example, (Nanayakkara & Colombage, 

2019) employ a large dataset with worldwide coverage (25 countries) of GBs, whereas (Agliardi 

& Agliardi, 2019) focus on an in-depth review of a single corporate bond. It is acknowledged that 

the studies that draw conclusions from a smaller sample size hold equal weight to those studies 

with a larger sample size. Further, the review includes a relatively small sample size which has 
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The findings reveal mixed results for the existence of a green premium in the primary market, and 

also a more pronounced consensus amongst studies examining the secondary market. This study 

notes the risk of confirmation bias within these studies; however, it remains an interesting 

observation that a broad consensus exists on the existence of a greenium in 70% of studies 

examining the secondary green bond market. Within the primary market, there does not appear to 

be sufficient evidence (i.e., 56%) that a greenium exists. The implications of these findings are 

expanded upon in the discussion. 

5.4.1 Average green premium 

Basis point spreads are documented for each study for both the primary and secondary markets. 

The average spreads between green bonds and CBs largely confirm the existence of the greenium 

in most studies covering the secondary market. Moreover, the control variables and 

methodologies used have a significant impact on bps results amongst studies. The findings vary 

widely in the primary market, where greenium spreads range from −85 to +213 bps. Our study 

highlights the urgent need for further investigation into green bond prices in the primary market. 

The variances in results within the primary market data suggest that further investigations are 

required that employ a larger data sample than is currently available in the literature. As a result, 

this study does not present an average bps green premium for the primary market. 

Within the secondary market, however, bps spreads are more consistently focused between −1 

and −9 bps, meaning that investors in the secondary market are willing to invest in green bonds 

that are comparable to CBs, accepting a  −1 to −9 bps lower yield in exchange for pro-

environmental credentials. Figure 24 organises the average green premium, from the studies 

examined, into basis point ranges. 
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Table 9 - Green bond premium correlation analysis. 

 Green premium Bond type Bond credit rating Green bond principles Climate bond certified Third party assessment Issuer 
S

p
ea

rm
a

n
's

 r
h

o
 

Green 

premium 

Correlation Coefficient 1.000 -.188 .302 .465 0.926 .365 .169 

Sig. (2-tailed)  .441 .275 .080 .000 .221 .517 

N 19 19 15 15 10 13 17 

Bond type 

Correlation Coefficient -.188 1.000 .018 -.281 .366 .042 -.238 

Sig. (2-tailed) .441 . .946 .259 .268 .882 .312 

N 19 23 17 18 11 15 20 

Bond credit 

rating 

Correlation Coefficient .302 .018 1.000 .767** .632 .913** .194 

Sig. (2-tailed) .275 .946 . .001 .178 .000 .507 

N 15 17 17 14 6 10 14 

Green bond 

principles 

Correlation Coefficient .465 -.281 .767** 1.000 .645* .830** .357 

Sig. (2-tailed) .080 .259 .001 . .044 .000 .191 

N 15 18 14 18 10 14 15 

Climate bond 

certified 

Correlation Coefficient 0.926 .366 .632 .645* 1.000 .896** .245 

Sig. (2-tailed) .000 .268 .178 .044 . .000 .524 

N 10 11 6 10 11 11 9 

Third party 

assessment 

Correlation Coefficient .365 .042 .913** .830** .896** 1.000 .290 

Sig. (2-tailed) .221 .882 .000 .000 .000 . .336 

N 13 15 10 14 11 15 13 

Issuer 

Correlation Coefficient .169 -.238 .194 .357 .245 .290 1.000 

Sig. (2-tailed) .517 .312 .507 .191 .524 .336 . 

N 17 20 14 15 9 13 20 

*. Correlation is significant at the 0.05 level (2-tailed).    **. Correlation is significant at the 0.01 level (2-tailed). 
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Figure 25 - Green premium determinants by GB characteristics. 

Figure 25 summarises the main findings of the correlation analysis. Bond governance 

characteristics are determined to have the greatest impact on whether a green premium is evident 

in the bond market. In particular, green bonds with a CBI certification label, that are investment 

grade, and that are issued by government/municipal organisations are highly correlated with the 

existence of a green premium. Notably, part of the reporting requirements for securing the CBI 

certification label include the engagement of a third-party assessor and typically follow the green 

bond principles. The implications of these findings suggest that the systematic rules and 

standardisation that accompany strong green bond governance reduce informational asymmetries, 

which helps to overcome investors’ doubts on the ‘greenness’ of a particular green bond—both 

at issuance and reporting of ongoing performance. These findings confirm that investors are 

willing to pay a premium for investments that offer clear ESG-related reporting on fund proceeds, 

by up to 15 bps on secondary markets (Hyun et al., 2019; Baker et al., 2018). 

With regard to bond credit rating characteristics, investment grade bonds tend to provide the most 

predictable existence of a greenium within a range of −2 to −6 bps (Bachelet et al., 2019; 
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Hachenberg and Schiereck, 2018; Hyun et al., 2019; Zerbib, 2019). By contrast, bond type and 

study timeframes offer less reliable predictors of a greenium in bond prices. 

5.4.2.1 Discussion 

This review has engaged with literature that has investigated the green bond market. The first 

research objective explored the driving factors for the demand of green bonds from broad social, 

economic, and environmental perspectives. Social and environmental factors have been found to 

include intensifying CSR and ESG trends (Endelman, 2018; Febi et al., 2018) and an increasing 

demand for SRI products (Maltais & Nykvist, 2020). The findings have confirmed that investors 

value green bonds with strong bond governance procedures, such as engagement of third-party 

assessment and adherence to green bond standards, such as CBI certification. It is clear that 

investors value social and environmental factors of green bonds. Economic driving factors include 

risk diversification  and, lower volatility as compared to CBs (Preclaw & Bakshi, 2015). The 

findings of the study suggest that bond risk and volatility considerations were secondary to 

governance procedures previously noted. These factors are interrelated, and together shape a 

broader narrative towards understanding investor motivations that drive the green premium. 

The second research objective has been to establish a consensus on the existence of the green 

premium within the primary and secondary green bond markets. Overall, the review has 

underscored a consensus on a green premium within the green bond market. Green bonds have 

been trading at a premium (that is, at a lower yield) compared with CBs in the majority of studies 

included in this review. This is particularly pronounced within the secondary market (as observed 

in (Baker et al., 2018; Bour, 2019; Nanayakkara & Colombage, 2019), among other studies) but 

less pronounced for primary markets (ie. (Ehlers & Packer, 2017; Gatti & Florio, 2018; Harrison, 

2019)).  It can be noted that green bond issuances on the primary market are often oversubscribed 

(Burton, 2018), indicating a strong demand for SRI products, although this has not yet translated 

into a green premium in green bond primary market pricing in a meaningful way. These findings 

suggest that some bond investors have noneconomic motives. Proactive SRI investors who 

target—but are unable to—secure primary market issuances may be directed to the secondary 

market. Our results confirm earlier predictions by (Renneboog et al., 2008) in that investors derive 

nonfinancial utility from investing in SRI practices. With time, more pronounced evidence of a 

greenium in primary markets is expected to emerge as issuers seek to capitalise on the pro-

environmental preferences of bond investors. For green bond issuers, our results are contrary to 

the prior findings of (Baumol & Blackman, 1992), who predict that a bond premium related to 

CSR concerns will not be feasible in a competitive economy. However, the authors should point 



Chapter 5 – Foundation study 2 

101 

 

out that the scientific, corporate, and political acknowledgement and concern for CSR, climate 

change, and other environmental matters have become more prominent in advanced economies 

in the last three decades since Baumol and Blackman conducted their study. Indeed, whilst some 

CSR-related initiatives incur a greater initial cost, the aggregated benefits have been found to 

return long-term benefits through a wider web of interconnected social, economic, and 

environmental factors, as presented in this paper. 

The final objective of the study has been to investigate which green bond characteristics are most 

frequently associated with the green premium. The review underscores that investors value green 

bonds with strong governance procedures (Baker et al., 2018; Hyun et al., 2019). These findings 

support the notion that the investors in the green bond market are driven by supporting climate 

aligned objectives with verified and measurable outcomes, which are an important part of green 

bond governance procedures (Bachelet et al., 2019), and, are in line with SRI investment 

practices.  

5.5 Conclusion 

Increasing awareness of the negative impacts of climate change is driving an ever-growing focus 

on environmental sustainability among global investors and the general public. The growth of the 

green bond market and the green premium phenomena has created the need to review and organise 

the individual contributions made in the literature to date. In response, this study has conducted a 

systematic literature review with the aim of synthesising studies that assert the existence (or 

nonexistence) of the green premium or greenium (used interchangeably), on green bond prices in 

the primary and secondary markets, and that correlate the green premium with bond 

characteristics. Moreover, this study investigated the broader environmental, social, and 

economic drivers and detractors governing the green premium. Although the drivers share 

synergies; environmental and social drivers—in theory—are expected to have the greatest effects 

on the demand and future growth implications for the green bond market.  

Broadly speaking, a mixed—although marginally positive consensus—exists among the 

examined studies that focus on a green premium in the primary green bond market. That is, a 

portion of investors are willing to pay a higher price for green bonds, and therefore accept a lower 

yield for a green bond versus a comparable CB. These findings have practical implications for 

issuers and the growth of the green bond market in general. Issuers may benefit from engaging 

with the green bond market to finance low-carbon initiatives at a lower cost, particularly for 

government organisations that engage with green bond governance criteria, such as the third-party 
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verification of bond proceeds. As more issuers become aware of plausible capital-raising benefits 

of the green premium, there are implications for the growth of the green bond market overall. For 

academia, this research has implications for bond pricing theory by suggesting that future bond 

pricing should consider noneconomic motives of investors, such as environmental preferences. 

The green premium may serve as a positive side effect for driving organisational innovation that 

adapts operations towards environmental purposes. These implications are significant across 

sectors, such as innovative financial products (i.e., green mortgages and green insurances) or 

practical applications (i.e., green infrastructure and green building), where incentives for green 

credentials may have previously been lacking. Within the secondary market, the literature 

provides a more pronounced consensus on a green premium. The practical implication of these 

findings is that investors derive nonfinancial utility from SRI practices; furthermore, they offer 

some compelling theoretical insights into the future of the green bond market and primary 

issuance pricing. A consistent green premium in the secondary market could lend pressure to 

future primary market issuance prices, because secondary market prices are an indicator of what 

the market will bear. Bond governance characteristics were found to be the strongest determinant 

of a green premium. green bonds associated with the CBI certification label, that are of investment 

grade, and are issued by government/municipal organisations, were found to be determinants of 

a green premium. Because green bonds are a relatively new financial construct, investors may be 

seeking to reduce their risk profile by focusing on lower risk assets.  

Limitations of the study included a limited sample size, and non-homogeneity of study particulars; 

such as time, sample size, bond profile and control variables. The review focused on the English 

language only. In future research, these limitations may be addressed. With the continued growth 

of the market and availability of robust data sets, future research may offer an opportunity to apply 

multiple regression analyses to predict the plausible green bond premium given particular bond 

characteristics. The correlation assessment in this study identified a limited range of possible 

green premium determinants. Future studies would benefit from a comprehensive breakdown of 

green premium determinants, such as geographical region, currency, market sector, and 

comparisons of green bond standards not covered in this review. As more data becomes available 

on GB pricing characteristics, a future systematic literature review is recommended which 

engages with a larger sample size, including a broader scope of languages. As public support 

grows for action on mitigating the worst effects of climate change, it is anticipated that the green 

bond market will continue to establish itself as a critical, impactful step towards meeting the 

Sustainable Development Goals established by the United Nations and continue the economic 

transformation towards cleaner production. 





Chapter 6 – System dynamics model 

104 

 

Greening affordable rental housing policy? A systems approach to examine policy outcomes 

in Australia. 

Abstract 

The Australian affordable rental housing sector has historically faced barriers to green building 

(GB) adoption due to issues of split-incentives, despite financial support from the commonwealth. 

This paper explores how a recent shift towards bond-based funding mechanisms offer an 

opportunity to integrate green building practices, and influence regional social, environmental 

and economic outcomes. A novel system dynamics model is developed to forecast a business as 

usual (BAU) and green-building scenario framed around the recently introduced Australian 

Affordable Housing Bond Aggregator (AHBA) policy framework. The purpose of the model is 

to examine how a mandate on green building standards together with the use of green versus 

conventional bonds impact social, environmental and economic outcomes of the framework over 

a 20-year horizon, within the South East Queensland metropolitan area of Australia. The study 

determined that the green building framework would deliver 2.37% less housing overall due to 

higher initial capital costs. However, offers substantial long-term energy and water efficiency 

benefits, improved affordability for tenants due to reduced utility costs, deferred water and energy 

infrastructure benefits, and considerable contributions towards Australia’s carbon emission 

reduction targets. Tenants are expected to benefit from a 45-59% reduction in energy and a 27% 

decrease in water bills. Moreover, a shift to affordable green building policy could contribute to 

2.9% of Australia’s Conference of Parties 2030 carbon emissions reduction target if applied 

nationally. The study concludes with a sensitivity analysis to reveal policy refinement 

recommendations that would yield the benefits of green affordable housing without sacrificing 

the small reduction in housing stock delivered by the proposed program. 

Highlights: 

• A System dynamics model is developed to determine affordable housing policy 

outcomes. 

• A business as usual versus green building policy scenario are compared and analysed.  

• Three policy recommendations are presented to improve the GB scenario.  

• GB policy benefits are substantial therefore developer grant scheme is recommended. 

Keywords: Affordable-housing policy; green building; green bonds; system dynamics; 

sustainable development. 
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6.1 Introduction 

Housing affordability for low- and middle-income households is a contemporary issue for many 

Organisation for Economic Co-operation and Development (OECD) member countries. Over the 

past few decades, it has been well understood that broad economic changes have resulted in a 

decline in home ownership rates, with more people becoming long-term renters (Eslake, 2013; 

Yates, 2016). Increasing housing costs have contributed to a growing number of households 

facing housing stress, where housing-related expenses consist of more than 30% of the 

household’s net income. In Australia, over 45% of low-income renters in capital cities experience 

rental housing stress (ABS, 2017). There is a broad consensus that government policy 

interventions are often required in order to meet the housing needs of these groups without 

excessive cost burdens (Berry, 2003; Yates, 2016). For affordable rental housing, these policy 

interventions are often in the form of rental subsidies, grants, or tax incentives paid to participating 

landlords, tenants, or both. In several OECD countries, most recently in Australia, bond-based 

financing structures have emerged, offering low-cost, long-term loans to affordable-housing 

providers to stimulate the affordable-housing supply. The AHBA is one such example. In its first 

year, it provided over AU$450 million in the form of loans and grants towards the supply of 

affordable-housing stock (NHFIC, 2019). 

This research is guided by the notion that government-supported investments into the expansion 

of affordable-housing stock presents an opportunity to investigate synergies with broader 

environmental, social, and economic objectives of the government. Escalating utility costs lead 

to housing affordability issues, particularly among rental households that often suffer from issues 

of split incentives, where landlords are reluctant to invest in utility savings measures (Bird & 

Hernández, 2012). In South East Queensland (SEQ), operational utility efficiencies achieved 

through ‘green building’ (GB) principles are forecasted to reduce total housing costs by 1.7–3.8% 

(AU$5–18 per week) over a 10-year rental tenancy (MacAskill et al., 2019). A GB is a high-

performance building that considers and reduces its impact on the environment and human health. 

It is a building that is designed to consume less energy and water while reducing the lifecycle 

environmental impact of materials used (Yudelson, 2008). The construction, operation, and 

maintenance of buildings in Australia account for approximately 25% of the nation’s annual 

carbon emissions (Van der Heijden, 2018); Voluntary-rating tools for GBs, such as Green Star, 

have penetration rates lower than 0.5% across the Australian residential-building industry (Van 

der Heijden, 2014). Recent amendments to the National Construction Code of Australia have 

made some progress towards improving the minimum standards on energy and water performance 
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of new building stock (NCC, 2019). However, GB rating tools are often designed to target a 

broader range of sustainable performance indicators across economic, environmental, and social 

considerations which are in synergy with the UN’s sustainable development goals (Gan et al., 

2017). Affordable-housing policy (e,g. AHBA) offers an opportunity to overcome barriers to the 

adoption11 of GB in the development of rental housing and to take advantage of emerging 

sustainable financing pathways, such as green bonds.  

To compare policy options and to forecast outcomes over time, it is useful to investigate plausible 

outcomes from government investment into stock of affordable rental housing under various 

scenarios. Several existing quantitative studies of the Australian affordable-housing sector engage 

with econometric or statistical models to investigate specific criteria, such as affordable-housing 

need within states and territories (Rowley et al., 2017) and the effects of financial-incentive 

structures for developers (Warren-Myers et al., 2019). These studies, among others, offer 

precedence on quantitative data and factors which are a part of a larger, non-linear dynamic 

puzzle, which are organised and expanded on in this study. Affordable-housing supply and 

demand is a complex and inter-connected socio-technical system (Picascia & Yorke-Smith, 

2017). A systematic approach is needed which can consider diverse individual variables and 

feedback dynamics in order to better understand the implications of policy revisions, such as the 

introduction of bond-based financing mechanisms and GB mandates on housing stock. Non-linear 

methods of assessment such as agent-based (AB) and system dynamics (SD) modelling are well 

suited to policy examination involving urban dynamics (Forrester, 2003; Picascia & Yorke-Smith, 

2017). The SD approach is capable of representing ‘global’ system behaviour, based on the 

provision of quantitative data to guide behaviour at individualistic levels. Whereas AB models 

are essentially decentralized, suitable for studies which engage with mainly discrete data. 

Compared to SD, there is no such place in an AB model where the global system behaviour 

(dynamics) would be defined (Borshchev & Filippov, 2004). To the authors knowledge, there is 

no precedent for assessing the regional impacts of the AHBA model. Therefore, this study 

presents a novel system dynamics (SD) model which considers the dynamics of affordable-

housing supply and demand, and the implications of policy changes, with a focus on the SEQ 

region of Australia. 

From this discussion, this study presents a novel simulation model, based on the principles of SD. 

The aim of the paper is to model the Australian AHBA and its impact on affordable-housing 

 

11 For a comprehensive review of barriers to green building adoption, see (Darko & Chan, 2017) 
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supply in SEQ. The model is used as a basis to establish two scenarios: a business-as-usual 

scenario (BAU-AHBA) and a GB scenario (GB-AHBA). Outcomes are analysed to compare 

broader impacts to relevant economic, environmental, and social considerations between the two 

scenarios, and to present policy optimisation scenarios.  

Overall, the study finds a compelling basis for the inclusion of GB mandates into the Australian 

AHBA, which invests into regional rental housing at scale. A GB mandate reduces energy and 

water costs for tenants, whilst reductions in consumption are modelled to achieve a meaningful 

impact on regional infrastructure planning. Moreover, the aggregated savings offer carbon 

emission reduction benefits towards Australia’s Conference of Parties (COP) 2030 carbon 

emissions reduction target. 

The remainder of the paper is organised as follows: Section 6.2 provides a background and context 

of the study, which is firmly placed within the Australian AHBA framework, with changes 

proposed to a future ‘Green Australian Affordable Housing Bond Aggregator Model’. Section 6.3 

describes the methodology of the study. Section 6.4 details the system dynamics model, including 

the conceptual and practical functions of the component models that make up the larger model. 

Section 6.5 presents the model simulation results and analysis, including policy optimisation 

scenarios. The paper concludes with a discussion on the implications of the study in Section 6.6.  

6.2 Background and context 

The study is based on the AHBA framework, which is a federal initiative to increase the total 

affordable-housing stock across Australian states and territories. A core function of the framework 

is to increase the availability of low-cost, long-term financing options available to community 

housing providers (CHPs) through the issuance of government-backed housing bonds. Funds 

raised are loaned to approved CHPs, who in turn deliver and operate affordable rental housing, 

typically at a rate lower than the market rate, to eligible low- and middle-income households. As 

a federal initiative, the scheme operates across all Australian states and territories, and is 

administered through a corporate commonwealth entity; The National Housing Financing and 

Investment Corporation (NHFIC) (NHFIC, 2019). Bond-funded affordable-housing frameworks 

have had a meaningful impact on the affordable-housing sector in OECD economies, including 

Austria, Sweden, and the UK, where social-housing stock accounts for 25%, 20%, and 18% of all 

dwellings, respectively (Chegut et al., 2016; Pawson et al., 2018); this is in contrast to 4% of all 

dwellings in Australia. Until recently, Australia has primarily relied on a patchwork of smaller-

scale social and affordable-housing initiatives across federal, state, and local levels of 
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government. Structures of affordable rental housing schemes have historically operated similarly 

to traditional market-rental leases, except with rental discounts supported by subsidy payments to 

landlords.  

While eligible households benefit from a reduced rental rate, they are often subjected to 

operational utility expenses, including energy, water, and gas costs, which have been escalating 

at a greater rate than the consumer price index. During the 2007–2017 period, domestic residential 

energy costs increased by 63% in Australian capital cities (ACCC, 2017). Gas and water costs 

have followed similar trajectories. Landlords have little incentive to invest in utility efficiency 

measures (such as meeting GB certification requirements), therefore, issues of split incentives are 

common. The AHBA provides a compelling basis for examining a GB mandate on affordable 

rental housing, in exchange for access to low-cost loans, in order to mitigate the worst effects of 

the split-incentive issue to low- and middle-income tenants.  

A side effect of the widespread adoption of GB and loans underwritten by bond issuances is 

plausible benefits to financing costs through a ‘green bond’ label on government affordable-

housing bonds. A green bond refers to a bond whose proceeds are used to finance environmentally 

friendly projects, including low-carbon buildings (Zerbib, 2019b). There is a growing body of 

evidence to suggest that, due to high investor demand, among other factors, green bonds offer 

financing for sustainable projects at a lower cost(Ehlers & Packer, 2017; Nanayakkara & 

Colombage, 2019; Tang & Zhang, 2018). This study conceptualises a ‘Green Affordable Housing 

Bond Aggregator’ framework (herein GB-AHBA), which operates similarly to the original policy 

objectives of the AHBA (herein BAU-AHBA) but with a GB mandate and the use of green instead 

of traditional-bond issuances. Key differences are outlined in Table 10. 

Table 10. Key policy differences between the modelled scenarios (BAU-AHBA vs GB-AHBA). 

Scenario Description Key Difference 

GB-AHBA Green affordable housing bond 

aggregator which includes a mandate 

on certified GBs to a minimum 4-

Green Star Multi-Residential 

standard12. A Green Bond is utilised 

in this scenario. 

A GB mandate is assumed to increase 

construction costs by 2.75% per square 

metre. In addition, the scheme is 

expected to benefit from a 9-bps 

discount to the baseline bond coupon 

rate, which is reinvested into the scheme 

as additional available capital for loans. 

The discount is assumed to be achieved 

 

12 A ‘4-Green Star’ Multi-residential Green Building Rating is assumed. Green Star is a voluntary 

sustainability rating system for buildings in Australia (GBCA, 2016a). It shares similarities with comparable 

international green building rating systems including LEED, BREAM, Green Mark, among others.  
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through a lower (green) bond coupon 

rate on the federal bond issuance. 

BAU-AHBA Business as usual affordable housing 

bond aggregator. A traditional Bond 

is utilised in this scenario. It is 

assumed that developments 

delivered will meet the minimum 

Queensland development code 

standards. 

Construction costs will be comparatively 

lower in this scenario; however, the 

scheme will not benefit from a discount 

to financing costs.  

This study uses the AHBA as a basis from which to compare two alternate scenarios: the business-

as-usual (BAU) scenario (BAU-AHBA), contrasted to a green-financing and GB alternative (GB-

AHBA). An overview of the AHBA framework and the main changes investigated in this study 

are outlined in Figure 26. Changes between the two scenarios are reflected in the figure on the 

‘Policy’ and ‘Incentive’ tiers (green vs. traditional bonds) and the ‘Supply’ tier (GB vs. BAU 

building). In the GB-AHBA scenario, a GB certification mandate is assumed at the supply level, 

with key changes included in the ‘Housing Stock’ component of the model overview; the 

‘Housing Bond’ component engages with a green-bond issuance compared to a traditional-bond 

issuance. 

 

Figure 26 - Green Australian Affordable Housing Bond Aggregator Model. 

Source: Authors. 

The proposed GB-AHBA has been adapted from the BAU-AHBA model, which has been in effect 

in Australia since 2018 (NHFIC, 2019). It can be noted that ‘Financial support’ through payments, 

grants and other avenues are not exclusively within the AHBA’s mandate, however, are 

oftentimes supplementary to delivering adequate discounts on rental housing. In the case of the 
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National Rental Affordability Scheme which had preceded the ABHA, housing was considered 

‘affordable’ when delivered at a 20% discount to market rent. The GB-AHBA scheme is expected 

to supplement an overall discount to market rent through savings in utility expenses, therefore 

reducing CHP reliance on broader financial support mechanisms.  

6.3 Methodology 

An SD modelling approach was used for this study. SD is well suited to policy analysis of non-

linear, complex systems with the aim of gaining a broader view of problems, building conceptual 

models, and avoiding the unintended consequences of decisions. It can assess the dynamics of 

key factors in complex systems over time, including time lags, stocks, and the flow of resources. 

By analysing system leverage points, policy outcomes can be optimised (Maani & Cavana, 2007). 

The SD methodology has been applied to numerous complex issues, such as policy studies 

investigating urban dynamics and economic theory (Forrester, 1969, 2003), product stewardship 

and waste management (Salim et al., 2020), renewable energy (Dhirasasna et al., 2020) and 

climate policy (Hafezi et al., 2020), and construction innovation (Suprun et al., 2018). SD 

distinguishes itself from econometric or agent-based approaches through its use of stocks and 

flows over time. For example, the dynamics (ie. demographics, labour conditions) that form a 

‘stock’ of housing need, represented by continuous data, may be influenced by broader dynamics, 

such as housing supply; which in turn may be influenced by policy settings (ie. availability of 

financing). Econometric or agent-based approaches generally do not capture the dynamic 

behaviour of systems as a whole (Torres et al., 2017).  

This research engages with the SD approach to simulate current and projected affordable-housing 

need, over time, in the SEQ region of Australia. These demand characteristics are linked with 

supply dynamics of housing, and finance which are governed within the context of the AHBA. 

The aim is to provide insight into the effect of policy interventions on key economic, 

environmental, and social indicators, between a BAU-AHBA versus a GB-AHBA approach. 

The predominant framework for SD modelling was developed by Sterman and is divided into five 

steps (Sterman, 2000). The first two steps (problem articulation and conceptualisation) concern 

the qualitative conceptualisation of key interactions governing the system. The other three steps 

(simulation model formulation, testing, and policy design and evaluation) concern computer-

based modelling for quantitative simulation (Sterman, 2000). At each stage in the process, the 

study benefited from review and input from 10 panel members with expertise in construction, 
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finance, architecture, and affordable-housing disciplines. The SD model was developed using 

Vensim® DSS. The study process is outlined in Figure 27. 

 

Figure 27 - Integrated participatory systems modelling process used in this study. 

6.3.1 Problem definition and conceptualisation 

The study has benefited from a panel of expert stakeholders who represent construction, finance, 

architecture, and affordable-housing disciplines. Throughout the process, their input has 

determined key variables and the causal influences between them, supplemented by a 

comprehensive literature review. The affordable-housing sector is characterised by numerous 

stakeholders, in addition to broader macro-influential factors which affect affordable-housing 

need, supply, finance, and performance characteristics. Each of these is affected by the 

introduction of the AHBA, particularly the GB-AHBA framework. To organise this complexity, 

the simulation model is based on the development of three component models, which individually 



Chapter 6 – System dynamics model 

112 

 

capture important dynamics, key factors, stakeholders, and their interactions, which are involved 

in the delivery of housing under the framework and together provide insight into key performance 

objectives. These models are used as a basis of an overall comparison between a BAU and green 

affordable-housing framework, shown in Figure 28.  

 

Figure 28 - Simplified model structure showing component models and associated factors. 

The housing model seeks to capture the supply and demand dynamics over time of multi-

residential affordable housing in SEQ. The finance model governs the affordable-housing loan 

process, which is based on national affordable-housing financing targets. The operational utility 

model forecasts the energy, water, and gas demand, consumption, and costs for apartments 

delivered by the scheme. These are based on apartment size (one, two, and three-bedroom) and 

net expected occupancy. The component models, and their associated factors are described in 

detail in Section 6.4.  

6.3.2 Model boundary details 

Defining model boundaries is an important step in the system modelling process (Maani & 

Cavana, 2007; Sterman, 2000). These boundaries are an important step in improving the accuracy 

of dynamic simulation, providing the criteria by which policy options from the modelling are 

evaluated (Nabavi et al., 2017). The study has included multiple levels of boundary judgements, 

guided by stakeholders, which have spatial, temporal and technical implications.  
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Spatially, the study concentrates on the SEQ region of Australia, which is home to approximately 

3.6 million residents spread across 11 areas of local government, the most populous of which are 

the Gold Coast, the Sunshine Coast and Brisbane. SEQ extends 240 kilometres from Noosa in the 

north to the Gold Coast and New South Wales border in the south. It is the most populous and 

fasted growing region in the state of Queensland. 

 

Figure 29 - SEQ region and study area. 

Temporally, the model sought to model policy outcomes for a 20-year period. The time period 

was selected considering data limitations on estimating future escalation rates of key variables, 

including, population, housing need and utility costs beyond this period. Technical model 

boundaries are outlined in Table 11, which have been organised according to the component 

models which they are part of.  
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Table 11. Model boundaries. 

Model 

Component 
Endogenous Exogenous 

Housing Model • Regional population 

demographics and growth. 

• Affordable housing demand & 

supply dynamics. 

• Planning and Construction 

limitations and dynamics. 

• Macro-economic housing 

market forecasting (housing, 

land & rental prices, GDP 

and household income 

factors). 

Finance Model • Project financing dynamics. 

• Administrative review 

capacities on loan issuances. 

• BAU construction costs and 

changes under a GB mandate. 

• Land costs, including 

infrastructure service charges 

and development application 

fees. 

• Macro-economic trends 

affecting interest rates. 

• Federal management of debt 

liabilities. 

Operational Utility 

Model 
• Net utility costs and 

consumption under a BAU and 

GB scenario. 

• Utility cost escalation. 

• Price elasticity of demand 

factors on utility costs. 

Boundary adequacy considerations during the model conceptualisation was carefully considered. 

Indeed, it acknowledged that almost nothing is exogenous (Sterman, 2002), however the model 

boundaries applied in this study have been designed to offer insight into the fundamental research 

questions, that is, to understand the implications of annual investment into regional affordable 

housing with regard to affordable housing demand, and implications on building performance 

(utility consumption). A model boundary does not imply a system in isolation, it is rather that a 

particular strand of dynamic behaviour can be explained from the system structure within these 

boundaries (Eskinasi, 2014b). 

6.3.3 Dynamic model formulation 

After the model components and boundaries had been defined, key dynamic variables within each 

component model were mapped with the help of participatory modelling, with input from 

stakeholders (Van den Belt, 2004). A participatory approach can be particularly helpful for 

portraying a systems structure, while model simulations reveal system behaviour, which is often 

less intuitive (Sahin et al., 2015). A series of workshops were held with stakeholders to establish 

a consensus on appropriate key variables, forming the qualitative basis for the SD model. After 

key qualitative model variables and their interactions had been determined, an SD model was 

developed. Sources for the quantitative inputs were primarily sourced from reliable databases and 

a comprehensive review of existing literature (including government statistics and reports) and 
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were reviewed for clarity by stakeholders. These inputs and assumptions were presented in a final 

workshop, which was a reiterative process associated with the next step – model validation and 

testing. 

6.3.4 Model testing and analysis 

Model testing and validation is an important final step to any proposed SD model. In this step, 

the model is tested to ensure it is realistic and matches real-world expectations. Validation tests 

examine the model’s structural validity to ensure its structure is an appropriate representation of 

the system (Sterman, 2000). Three primary validation approaches were applied to this study: 

parameter validation, extreme-conditions testing and expert-stakeholder validation for local 

inputs.  Parameter validation is a comparison between the model outcomes and existing literature. 

It validates model behaviours by comparing outcomes and interactions to other data sources for 

the same or a similar problem. It is particularly useful for components of the model which involve 

complex forecasting. In these cases, this study used peer-reviewed studies which have utilised 

different approaches (i.e., forecasting affordable-housing need by (Rowley et al., 2017). Extreme 

conditions tests ensure the model behaviour is responsive and representative of real-world 

behaviour under extreme conditions. The ability of a model to function properly under extreme 

conditions contributes to its utility as a policy-evaluation tool as well as user confidence. The 

focus of the extreme-conditions testing included significant changes to latent housing demand 

and capital supply, among others, which successfully represent non-linearity in housing 

construction demonstrating the cyclical factors of housing supply which are common in real-

world housing cycles.  

The novelty of the research and the methodical approach limit the validation of the model for 

certain components. There is no academic literature which forecasts the effects of the AHBA on 

affordable housing in Australia; however, Rowley’s work provides certain conventions for 

modelled results (Rowley et al., 2017). Stakeholder input has provided sense checks for model 

behaviour. These processes together help to ensure the model more accurately represents realistic 

outcomes.  

Manipulating leverage points in policy analysis is a common approach used in systems thinking. 

Meadows established 12 leverage points from which to intervene in a system and which range 

from deep to shallow. Shallow leverage points refer to interventions that are relatively easy to 

implement but bring non-significant systemic change, while deep leverage points lead to 

fundamental change (Meadows, 2008). Changes to system structures between the GB-AHBA and 

BAU-AHBA engaged with both deep and shallow leverage points. An example of a deep leverage 
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point is a mandate on GB standards, with broader implications on housing construction costs, 

overall construction timeframes, and future operational utility consumption and costs. An 

example of a shallow leverage point is a shift to green-bond financing from traditional-bond 

financing. The study focused on these two leverage points, but an examination of a broader range 

of factors is an intriguing field for future research. The model conditions and settings used in the 

analysis are outlined in Table 12. 

Table 12. Model conditions and settings. 

Name Initial 

affordable 

housing 

demand 

CHP Loan 

term 

Scheme duration Bond/Investment 

value 

Bond 

maturity 

timeframe 

Real 

world 

206,231 

apartments. 

10-year, 

interest only. 

10-year tenancies 

on housing to 

eligible low-middle 

income rental 

households. After 

which, it is 

assumed housing 

exits the scheme. 

AUD$250M per 

year. 

10-years, 

renewing 

indefinitely. 

6.4 System dynamics model development 

The SD model was developed using stocks and flows to model the quantitative information flows 

between the key models that represent the system over time. This section outlines the stocks and 

flows using stock and flow diagrams for each of the component models. Stock and flow diagrams 

help obtain quantifiable results by simulating the system’s behaviour. Stocks are mathematical 

parallels of integration (accumulation) that predict the behaviour in a system over time. Flows are 

mathematical parallels of derivation (the change in the level of a variable); they are the rates of 

change in a stock and are measured over a certain interval of time. The stock level is adjusted by 

the interactions within the system, through feedback (Suprun et al., 2018). Stocks and flows are 

depicted in the following integral equation 2: 

 𝑆𝑡𝑜𝑐𝑘 (𝑡) =  ∫ [𝐼𝑛𝑓𝑙𝑜𝑤(𝑠) − 𝑂𝑢𝑡𝑓𝑙𝑜𝑤(𝑠)]𝑑𝑠 + 𝑆𝑡𝑜𝑐𝑘(𝑡0 
𝑡

𝑡0
). (2) 

An advantage of the SD methodology is its capacity to capture pipeline delays which are common 

in the real estate and construction industry. These delays are widespread throughout each stage of 

the construction process, as developments move from financing to planning, construction, and 

occupancy and as they later exit from the scheme. These delays are managed mathematically 

through a delay queue in the same order in which they enter. After a defined processing time, they 
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proceed to the next stages. Delay functions were used to replicate the transfer and expiration of 

affordable-housing contracts for individual apartments within the scheme (following a policy of 

a 10-year housing-provision arrangement), and for planning and construction delays.  

The overall structure of the AHBA stock and flow diagram, including variables that govern 

changes to the GB-AHBA is shown in Figure 30. The diagram presented is a simplified version 

which consolidates systems which are replicated for one, two- and three-bedroom considerations. 

In the functioning model, these systems are managed individually. The remainder of this section 

is organised according to the component models and associated factors which make up the overall 

SD model. These are organised into the ‘Housing Model’, ‘Finance Model’ and ‘Operational 

Utility Model’. Detailed variable descriptions, equations and key assumptions are provided in the 

appendix. (Appendix B: Summary of model assumptions and key variables, Section B2, B3, and 

B4).  
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Figure 30 - Simplified stock and flow diagram of the Australian Affordable Housing Bond Aggregator framework.
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6.4.1 Housing model 

The housing model is designed to capture the dynamics of housing supply and demand in SEQ. 

A grouping approach was taken to organise key dynamics into model factors, visualised 

previously in Figure 3. These factors represent (1) regional demography, (2) affordable-housing 

demand, and (3) affordable-housing supply. Figure 31 outlines the internal structure of the 

housing model and their causal influences. Details on the purpose and structure of each factor are 

outlined in this section.  

 

Figure 31 - Step 1: Housing model structure and causal influences. 

6.4.1.1 Regional demography 

Regional-demography factors, with regard to current and future housing composition in SEQ, 

were considered to capture affordable-housing need to various household groups. Available 

statistics provide a snapshot of key variables including regional population and growth, 

prevalence of housing stress, and typical household composition, which together are useful for 

forecasting requirements of one-, two-, and three-bedroom affordable-housing demand and 

expected occupancy.  

Figure 32 outlines the stock and flow structure of regional demography factors. The model 

considers the existing and future number of households, organised by composition (ie. Single 

adult household, Single parents with dependant, Couple with dependant(s), etc), which later 

determine expected apartment demand. Modelling undertaken by Rowley is used to determine a 

ratio of the total number of SEQ households that are unable to enter market housing and are 

expected to require affordable housing assistance (Rowley et al., 2017).  
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Figure 32 - Simplified regional demography model. 

Details on variable inputs and assumptions are included in Appendix B, Section B2. Regional-

demography factors are influential to affordable-housing demand factors, described in the next 

section. 

6.4.1.2 Affordable-housing demand factors 

The affordable-housing (AH) demand model considers the factors that govern the ‘gap’ between 

AH supply and demand. It is at this stage that housing need, informed by regional demography 

factors, is translated into apartment need (demand). The ‘gap to meet affordable housing need’ 

variable is synonymous with an affordable housing waiting list, which reacts dynamically to 

changes in both supply and demand for housing over time.  

The ‘Increasing AH need’ component considers an initial and growing number of households, in 

addition to future recurring demand requirements (where a proportion of households may re-enter 

the affordable-housing waiting list after their tenure). The ‘Decreasing AH need’ component is a 

function of housing delivered and active within the scheme. AH demand was modelled separately 

for one-, two-, and three-bedroom apartment requirements. This study assumed that all housing 

delivered under the scheme included only multi-residential apartments up to three bedrooms in 

size. Larger housing types (e.g., four-bedroom apartments) were not considered. A simplified 

overview is provided in Figure 33. Details on variable inputs and assumptions are included in 

Appendix B Section B2. 
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Figure 33 - Simplified affordable-housing demand model. 

6.4.1.3 Affordable-housing supply factors 

In a similar manner as for the affordable-housing demand model, housing supply has been 

modelled separately for one-, two-, and three-bedroom apartments. A simplified stock and flow 

diagram is presented in Figure 34. As individual apartment demand increases, the model allocates 

apartments into a development mix which is proportionate to the demand for the given timestep. 

Put simply, housing supply factors are governed by the ‘gap to meet affordable housing need’ 

variable. If a gap exists, the model seeks to meet this gap and adjusts development compositions 

accordingly. One-bedroom apartments typically represent the greatest demand, followed by two- 

and three-bedroom apartments, resulting in an approximate 60:30:10 ratio, respectively. These 

proportions are an important consideration for development cost factors, since each apartment 

type is associated with differing square meter allocations (including utility consumption 

implications). Developments which progress onto planning and ultimately, construction, are 

governed by funding, administrative and planning limitations. Funding limitations consider the 

remaining balance for loans available from the NHFIC each year. Administrative and planning 

capacities are a dynamic representation of what the regional market can realistically deliver. 

‘Administrative capacities’ are less subjected to market fluctuations in demand, therefore are 

relatively stagnant. The ‘planning capacity’ variable is designed to work towards market 

equilibrium in the presence of demand for housing and available finance. In the absence of either, 



Chapter 6 – System dynamics model 

122 

 

the capacity reduces over time. Planning capacities are governed by a separate model described 

in Appendix B: Summary of model assumptions and key variables, Section B2.3. 

Delays common in a typical construction cycle from planning to delivery are captured in this 

section of the model using material and first-order delay structures. Delays are introduced at each 

stage of the development process, from ‘planned apartments’, ‘apartments in construction’ and 

‘active apartments’. Amongst these factors, ‘active apartments’ is the most influential for model 

behaviour; which is the total number of apartments currently tenanted within the scheme. The 

‘active apartments’ stock accounts for new housing stock and housing stock that has reached its 

expected tenure and are exiting the scheme. Affordable housing tenure is 10 years from the date 

of first occupancy for each apartment. A detailed summary of the component variables, 

assumptions, and inputs used in the model is provided in the Appendix B: Summary of model 

assumptions and key variables, Section B2. 

 

Figure 34 - Simplified affordable-housing supply model. 

6.4.2 Finance model 

The finance model was designed to moderate the capital flows and loans by the AHBA 

framework. The finance model consists of three models which consider: (1) development cost 

factors, (2) capital demand factors, and (3) capital supply factors. Figure 35 outlines the internal 

structure of the finance model, the causal influences of each factor and how they interact with the 

factors within the housing model. The purpose and structure of each model is detailed in this 

section. The factors of development cost and capital demand have been combined. 
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Figure 35 - Step 2: Finance model structure and causal influences with the housing model. 

6.4.2.1 Development cost and capital demand factors 

The primary objective of this model is to organise one, two- and three-bedroom apartment demand 

into a multi-residential development proposal. Cost expectations for the development are 

calculated on a per square metre basis, which is determined by the proportion of one-, two-, and 

three-bedroom apartments within the development. In turn, developments are matched with 

appropriate funding before proceeding to the housing supply model. In the GB-AHBA scenario, 

the green premium on construction cost is calculated as a premium cost per square metre. Figure 

36 provides a simplified overview of the stock and flow model for development cost and capital 

demand factors. 

 

Figure 36 - Simplified development cost and capital demand models. 
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A detailed summary of the component variables, assumptions, and inputs used in the model is 

provided in the Appendix B: Summary of model assumptions and key variables, Section B3.  

6.4.2.2 Capital supply factors 

The capital supply cluster is an important module which regulates the supply of funds available 

to loan to CHPs. This study takes the approach of a revolving-loan function which operates over 

the duration of the AHBA scheme. The simplified stock and flow diagram demonstrating the 

capital supply factors model is shown in Figure 37. 

Debt liabilities on federal affordable-housing bond issuances used to fund the AHBA framework 

are managed exogenously. However, at a regional level, a proportion of the total AHBA budget 

is assumed to be available to SEQ and is distributed into a revolving-loan fund in annual 

increments of AU$50 million, which amounts to 20% of the national budget (AU$250m national 

commitment). These funds are loaned to CHPs, via the NHFIC, who make regular interest-only 

payments of 2.07% annually over a 10-year loan duration, until loan maturity, at which point the 

principal is repaid. The loan structure is based on the current arrangements offered by the NHFIC 

(CHIA, 2020). The principal repayments by CHPs are modelled to meet bond debt obligations 

which are exogenous to this model. It is assumed that, upon loan maturity, individual CHPs will 

re-finance or settle on outstanding loans from external financing sources; therefore, housing stock 

linked with these loans will exit from the scheme. The purpose of the NHFIC is as an 

intermediary. 

The 2.07% annual interest payments made by the CHPs consider allowances for both a federal-

bond coupon rate and CHP loan-servicing rate to meet the federal-bond coupon repayment 

obligations, in addition to an administrative margin (‘Interest margin on loans’ in Figure 37). In 

the case of a GB-AHBA scenario, a 9-bps ‘greenium’ or green premium (used interchangeably) 

discount to the coupon rate is applied and is directly discounted from the federal coupon rate and 

passed on. The green premium is assumed to applied at the federal bond level, representative of 

a discount to the coupon rate on a housing bond issuance in the primary market. The model 

assumes that for both a GB-AHBA and BAU-AHBA, the financing terms offered by the NHFIC 

remain the same (2.07%). As a result, the 9-bps difference is directed as profit which is reinvested 

into the scheme, with the goal increasing the amount of regionally available capital for loans. The 

objective is to use the greenium savings to deliver a comparably similar net supply of affordable 

housing compared to the BAU case, compensating for the increased costs of achieving green 

certification. These concepts are further described in the following sections, with reference to 

Equations 3,4, and 5. 
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Figure 37 - Simplified capital supply model. 

The Green bond ‘greenium’ is modelled to reduce affordable housing bond coupon rates, 

therefore offer a financial benefit to the cost of funds to the government. In a GB scenario, it is 

assumed that the NHFIC debt servicing obligations are reduced, proportionate to the ‘greenium’, 

allowing a margin on loans provided to CHPs. The margin is reinvested to increase the supply of 

available funds to loan. Regardless of a BAU or GB scenario, the interest rate on loans provided 

to CHP’s remains unchanged. The following equations provide an overview of the function of the 

green bond premium, and its implications on the GB-AHBA scenario. In the BAU-AHBA, the 

green bond premium is zero. 

Equation 3 outlines the methodology behind the annual cost of funds to the government. In The 

BAU-AHBA scenario, the 𝐺𝐵𝑜𝑛𝑑𝑔𝑟𝑒𝑒𝑛𝑖𝑢𝑚 would be zero. 

 𝐼𝑏𝑜𝑛𝑑 = 𝐼𝑓𝑒𝑑𝑒𝑟𝑎𝑙𝑐𝑜𝑢𝑝𝑜𝑛𝑟𝑎𝑡𝑒 − 𝐺𝐵𝑜𝑛𝑑𝑔𝑟𝑒𝑒𝑛𝑖𝑢𝑚 (3) 
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Where: 

𝐼𝑏𝑜𝑛𝑑 = 𝑇ℎ𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑓𝑢𝑛𝑑𝑠 𝑡𝑜 𝑡ℎ𝑒 𝑔𝑜𝑣𝑒𝑟𝑛𝑚𝑒𝑛𝑡13 (%) 

𝐼𝑓𝑒𝑑𝑒𝑟𝑎𝑙𝑐𝑜𝑢𝑝𝑜𝑛𝑟𝑎𝑡𝑒 = 𝑇ℎ𝑒 𝐹𝑒𝑑𝑒𝑟𝑎𝑙 𝑏𝑜𝑛𝑑 𝑏𝑎𝑠𝑒 𝑐𝑜𝑢𝑝𝑜𝑛 𝑟𝑎𝑡𝑒 (%) 

𝐺𝐵𝑜𝑛𝑑𝑔𝑟𝑒𝑒𝑛𝑖𝑢𝑚 = 𝐺𝑟𝑒𝑒𝑛 𝑏𝑜𝑛𝑑 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 𝑡𝑜 𝑡ℎ𝑒 𝑐𝑜𝑢𝑝𝑜𝑛 𝑟𝑎𝑡𝑒 (%) 

6.4.2.3 CHP interest only payments 

The model is designed such that Community housing providers meet their interest-only repayment 

obligations at 2.07% per annum. The payments constitute a number of considerations which are 

factored into the interest rate. Fundamentally, these include the annual cost of funds to the 

government, an administrative margin and the green bond premium. These components are 

important to distinguish, since in the GB-AHBA scenario, the cost of funds to the government 

(debt liability) would be lower, proportionate to the green bond premium. Therefore, the excess 

(the difference between the NHFIC’s debt liabilities and assets) are reinvested. Upon maturity of 

the loan, the principal owed by the CHP is repaid to the NHFIC and subsequently towards federal-

bond obligations, which will be maturing at a similar time. 

Equation 4 outlines the methodology behind the interest payments by CHP’s which is fixed. 

 𝐶𝐻𝑃𝐼𝑃 =  𝐴𝐻𝑙𝑜𝑎𝑛(1 + (𝑛 ∗ (𝐼𝑏𝑜𝑛𝑑 + 𝐼𝑚𝑎𝑟𝑔𝑖𝑛 + 𝐺𝐵𝑜𝑛𝑑𝑔𝑟𝑒𝑒𝑛𝑖𝑢𝑚)) (4) 

Where: 

𝐶𝐻𝑃𝐼𝑃 = 𝐶𝑜𝑚𝑚𝑢𝑛𝑖𝑡𝑦 𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑃𝑟𝑜𝑣𝑖𝑑𝑒𝑟 𝑖𝑛𝑡𝑒𝑟𝑠𝑡 𝑜𝑛𝑙𝑦 𝑝𝑎𝑦𝑚𝑒𝑛𝑡𝑠 𝑜𝑛 𝑙𝑜𝑎𝑛 ($) 

𝐴𝐻𝑙𝑜𝑎𝑛 = 𝐴𝑓𝑓𝑜𝑟𝑑𝑎𝑏𝑙𝑒 𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝐿𝑜𝑎𝑛 𝑝𝑟𝑖𝑛𝑐𝑖𝑝𝑙𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 ($) 

𝑛 = 𝐿𝑜𝑎𝑛 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (years) 

𝐼𝑏𝑜𝑛𝑑 = 𝑇ℎ𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑓𝑢𝑛𝑑𝑠 𝑡𝑜 𝑡ℎ𝑒 𝑔𝑜𝑣𝑒𝑟𝑛𝑚𝑒𝑛𝑡 (%) 

𝐼𝑚𝑎𝑟𝑔𝑖𝑛 = 𝐴𝑑𝑚𝑖𝑛𝑖𝑠𝑡𝑟𝑎𝑡𝑖𝑣𝑒/𝑟𝑖𝑠𝑘 𝑚𝑎𝑟𝑔𝑖𝑛 𝑜𝑛 𝐶𝐻𝑃 𝑙𝑜𝑎𝑛𝑠 (%) 

𝐺𝐵𝑜𝑛𝑑𝑔𝑟𝑒𝑒𝑛𝑖𝑢𝑚 = 𝐺𝑟𝑒𝑒𝑛 𝑏𝑜𝑛𝑑 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 𝑡𝑜 𝑡ℎ𝑒 𝑐𝑜𝑢𝑝𝑜𝑛 𝑟𝑎𝑡𝑒 (%) 

In the case of the BAU-AHBA scenario, new funds to SEQ would not benefit from a green bond 

premium. In the GB-AHBA scenario, new funds are topped up by the green bond premium, which 

is reinvested. New funds to SEQ are given by the following Equation 5. 

 𝑁𝐹𝑆𝐸𝑄 = ∑((𝑁𝐹𝐹𝑒𝑑𝑒𝑟𝑎𝑙 ∗ 𝑅𝐹𝑆𝐸𝑄) + (𝐺𝐵𝑜𝑛𝑑𝑔𝑟𝑒𝑒𝑛𝑖𝑢𝑚)), (5) 

 

13 𝑇ℎ𝑒 𝐹𝑒𝑑𝑒𝑟𝑎𝑙 𝑏𝑎𝑠𝑒 𝑐𝑜𝑢𝑝𝑜𝑛 𝑟𝑎𝑡𝑒 ≈ 𝑁𝐻𝐹𝐼𝐶 𝑐𝑜𝑢𝑝𝑜𝑛 𝑟𝑒𝑝𝑎𝑦𝑚𝑒𝑛𝑡 𝑜𝑏𝑙𝑖𝑔𝑎𝑡𝑖𝑜𝑛 
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Where: 

𝑁𝐹𝑆𝐸𝑄 = 𝑁𝑒𝑤 𝑓𝑢𝑛𝑑𝑠 𝑡𝑜 𝑆𝐸𝑄 ($) 

𝑁𝐹𝐹𝑒𝑑𝑒𝑟𝑎𝑙 = 𝐿𝑜𝑎𝑛 𝑝𝑟𝑖𝑛𝑐𝑖𝑝𝑎𝑙 𝑡𝑜 𝐶𝐻𝑃 ($) 

𝑅𝐹𝑆𝐸𝑄 = 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑓𝑒𝑑𝑒𝑟𝑎𝑙 𝑏𝑜𝑛𝑑 𝑖𝑠𝑠𝑢𝑎𝑛𝑐𝑒 𝑡𝑜 𝑆𝐸𝑄 (%) 

𝐺𝐵𝑜𝑛𝑑𝑡𝑜𝑝𝑢𝑝 = 𝐺𝑟𝑒𝑒𝑛 𝑏𝑜𝑛𝑑 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 𝑟𝑒𝑖𝑛𝑣𝑒𝑠𝑡𝑒𝑑 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 ($) 

6.4.3 Operational cost model 

The operational cost model calculates the expected energy, water, and gas (utilities) consumption 

and costs for apartments delivered by the scheme; these outputs relate to both individual 

household and overall scheme outcomes. The model factors in typical escalation rates on costs 

for utilities over time, which have implications for assessing long term operational costs for 

tenants between the GB-AHBA and BAU-AHBA scenarios. Figure 38 shows the causal 

influences of the factors which make up the operational cost model, and its influences within the 

broader model (housing model and finance model factors combined). 

 

Figure 38 - Step 3: Operational cost model causal influences with the larger model. 

6.4.3.1 Utility cost and consumption factors 

Typical residential utility costs for the SEQ region were derived for energy, water and gas utilities. 

The model escalates these costs according to forecasted increases over a 20-year horizon. The 

‘Cost of utility’ stock represents the cost of a utility at a given timestep. These cost estimates are 

linked with expected utility consumption figures, which have been found to be highly correlated 

with housing occupancy (Beal & Stewart, 2011). Therefore, the model utilised data produced by 

the housing model (specifically affordable housing demand and supply factors) to link the total 

number of active apartments delivered, with apartment size and expected occupancy to determine 

appropriate utility consumption behaviours of each tenanted apartment within the scheme.  
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The utility consumption model is particularly useful for determining the net impact, in terms of 

net energy, water, and gas consumption, of a GB mandate on constructed apartments compared 

to a BAU mandate. The analysis is useful for extrapolating implications for both ongoing tenant 

utility costs (and the efficacy of the affordable-housing scheme) and for broader considerations 

of regional infrastructure by local governments. Appendix B: Summary of model assumptions 

and key variables3 outlines input variables used in the model. A simplified overview of the utility 

cost and consumption factors are included in Figure 39.  

 

Figure 39 - Simplified utility cost and consumption model. 

6.5 Model simulation results and analysis 

The SD model, including all its components, was used to investigate the AHBA under two 

scenarios: a BAU scenario and a GB scenario. Model results have been organised into broad but 

interrelated social, economic, and environmental themes. Social outcomes are categorised by 

housing outcomes, which are presented in two ways. ‘Active’ housing outcomes refer to tenanted 

apartments within the scheme at any given period, whereas cumulative housing outcomes refers 

to the total number of apartments built as a result of the scheme.  Economic outcomes examine 

impacts to available capital using sustainable financing avenues (green bonds) and household 

factors on operational utility costs. Environmental factors report on utility consumption 

differences, which have significance for both regional infrastructure and carbon emission impacts.  

6.5.1 Affordable housing outcomes 





Chapter 6 – System dynamics model 

130 

 

funding sources, greater than AU$250m per year, net active housing outcomes within the scheme 

remain relatively stable.  

During the earlier years of the scheme, despite adequately available funds, housing completions 

are supressed on an annual basis. The reasoning is twofold; firstly, from the practical delays that 

are central to the development process, and secondly, due to limitations in local planning and 

construction capacities which later ramp up as market participants seek to trend towards market 

equilibrium. The model factors in both increasing and decreasing capacity adjustments. These 

capacity changes are expected be based on practical adjustments in the construction and CHP 

sectors (ie. staffing, equipment and processes) as they work to match available financing resources 

with projects.  

Sensitivity analysis revealed that the initial supply successes of the BAU scenario in the first 8 

years of the scheme were primarily due to the lower cost of development. The GB scenario later 

benefits from steady cash flows as a result of an increasing portfolio of loans which facilitate a 9-

bps profit margin on loans to CHP’s which are paid monthly and reinvested into the scheme. This 

process is further outlined in section 6.5.2. The margin offers incremental benefits to the amount 

of capital available for loans, which help to push forward some developments which may have 

otherwise deferred to the next financial year. Despite this benefit, the GB-AHBA is forecasted to 

offer 2.37% less affordable housing than the BAU-AHBA alternative scenario, on average. This 

discrepancy is due to a 2.75% GB price premium that is assumed to be incurred on green-certified 

apartments and exceeds plausible green-financing benefits. Consequently, estimates of 

affordable-housing need are higher in a GB scenario.  

6.5.1.1 Housing outcomes: Cumulative apartments built 

The AHBA represents a significant expenditure towards housing stock in the region, therefore it 

is useful to examine the cumulative impacts of the scheme over a longer period. Apartments are 

expected to circulate into market housing after 10 years, however the impacts of GB standards 

will continue to provide future benefit to the region. Figure 41 shows the cumulative number of 

apartments constructed under the GB-AHBA and BAU-AHBA scenarios. Ultimately, the 

increased cost of construction for the GB scenario produces less housing over a 20-year horizon 

(i.e. 7,773 versus 7,654 apartments).  
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due to the tendency for GB to favour the use of gas-based systems versus electric- such as gas 

fuelled co-generation or tri-generation systems (i.e. Gas-assisted hot water systems or cooktops). 

a) 

 

b) 

 

c) 

 

 

d) 

 

 Key: 

 

Figure 43 - Electricity, gas, and water consumption adjusted for housing supply differences for active 

apartments. 

6.5.3.2 Operational utility consumption: Cumulative apartments delivered 

The cumulative apartments delivered within the ABHA framework are significant to regional 

housing supply over a 20-year horizon, therefore it is useful to investigate the legacy implications 

of a GB mandate which are expected to deliver operational utility savings throughout the housing 

lifecycle. Operational utility consumption savings in the GB-ABHA scenario are expected to 

accrue marginal benefits over the long term, with implications for regional future infrastructure 
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6.5.3.3 Operational utility cost: Active units (adjusted/normalised) 

The forecasted net utility expenditures over a 20-year period for active apartments within the 

scheme have been tabulated in  Table 13. The values have been normalised between the BAU and 

GB scenarios, the former producing marginally more housing overall. Assessing the financial 

merits at a household level offers insight into GB (with a focus on operational utility cost savings) 

as an affordable-housing demand-side subsidy, reducing overall housing costs for low- and 

middle-income tenants, and improving the effectiveness of the affordable housing scheme to 

deliver housing cost savings to tenants.  

Table 13. Net utility expenditure for active apartments delivered under BAU-AHBA and GB-AHBA 

scenarios.  

Unit type/bedrooms 
Net utility expenditure over 20-years ($AUD) 

Electricity Gas Water Sub-Total Total 

BAU_1BD Utility 

Cost* 
29,020,816 1,701,441 15,130,798 45,853,054 

103,925,101 
 

BAU_2BD Utility 

Cost* 
29,438,459 2,459,878 13,785,454 45,683,790 

BAU_3BD Utility 

Cost* 
8,157,142 549,412 3,681,703 12,388,256 

GB_1BD Utility Cost 15,621,429 1,936,884 10,971,631 28,529,944 

59,779,484 GB_2BD Utility Cost 11,766,357 2,801,804 10,097,297 24,665,458 

GB_3BD Utility Cost 3,260,043 625,810 2,698,229 6,584,082 

*Normalised to match the GB-AHBA scenario (Cumulative apartments delivered ratio = 1:1) 

Per household, tenants in the GB-AHBA scenario benefit from a reduction in energy and water 

costs, and a marginal increase in gas costs. These savings translate to a 47–61% reduction in 

electricity bills, a 27% decrease in water bills and a 14% increase in gas bills versus the BAU-

AHBA scenario. Changes in electricity and gas costs combined equate to a savings of 45-59% in 

energy costs. In aggregate, these savings are anticipated to provide a net benefit of 

AU$44,145,616 in additional financial support to low- and middle-income households 

participating in the GB-AHBA scheme. This equates to a $10,775 net benefit per household. This 

amount is consistent with earlier findings on the impacts of GB in the SEQ residential context 

(MacAskill et al., 2019). 
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6.5.3.4 Regional infrastructure and carbon emissions considerations 

Energy consumption, as compared to water and gas, has the highest impact on carbon emissions 

emitted from the built environment. Queensland’s carbon emission factor for energy ranks third 

highest in Australia at 0.79 kg CO2-e/kWh, which is attributed to an energy mix of coal, natural 

gas, and solar sources (Government, 2017).The aggregated utility savings in the GB-AHBA 

scenario are forecasted to decrease overall infrastructure requirements for the region, and as a 

result, provide a contribution to reducing carbon emissions. Table 14 outlines the benefits of the 

GB-AHBA scheme as compared to the BAU-AHBA, on impacts associated with utility demand 

(consumption), and resulting carbon emission savings over a 20-year period. The analysis 

considers the cumulative housing constructed under the scheme, since benefits will accrue 

thorough the lifecycle of the building regardless of tenure (ie. Affordable housing within the 

scheme, or market housing).  

Table 14. Total utility consumption and carbon emission implications over a 20-year period. 

Utility Total consumption Net savings Carbon equivalent 

savings 

 BAU-AHBA* GB-AHBA   

Energy 

(GWh) 

2,196.24 GWh 1,224.78 GWh 955.51 GWh**  941,475 tCO2-e  

Water (ML) 61,922 ML 44,218 ML 17,704 ML 12,600 tCO2-e  

Gas (GJ) 1,128,890 GJ 1,259,063 GJ (130,174 GJ) 

increase 

(6,682 tCO2-e) increase 

  Total carbon equivalent savings 947,393 tCO2-e 

*Normalised to match the GB-AHBA scenario (Cumulative apartments delivered ratio = 1:1) 

** Demand-side savings from the grid from household reductions in energy consumption (over 20 years). 15.95 GWh is attributed 

to indirect energy savings through water efficiencies (including treatment, pumping, and sewerage). 

The analysis has implications for both regional infrastructure planning and carbon emission 

reduction targets. From a regional infrastructure planning perspective, operational utility savings 

at scale, have the capability to defer infrastructure upgrades such as distribution and capacity 

upgrades for energy and water networks. Contributions to carbon emission reductions are related 

to direct and indirect reductions in overall consumption, particularly energy which is inherently 

carbon intensive in its production in Queensland. Direct reductions are evident in a reduction in 

household consumption, whilst indirect ancillary savings, such as water treatment, pumping, and 

sewerage contribute to the total. Research investigating water and energy supply networks has 

found a strong correlation between widescale adoption of energy and water saving measures and 

reduced infrastructure costs (Beal et al., 2016; Gurung et al., 2016a; Tronchin et al., 2018). 
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Implications for regional energy network capacity are useful to explore. The GB-AHBA scenario 

is expected to eliminate 0.84 MW of regional peak energy demand, annually, from year 11 of the 

scheme. The reduction has energy infrastructure planning implications with regards to servicing 

peak load energy requirements and supply networks in SEQ. Valuing the implication of peak load 

energy reductions in dollar are difficult to quantify. Extrapolating recent investments by the 

Australian government towards 12 large scale solar projects to deliver a generation capacity of 

507MW at a total cost of over AU$1.1 billion, roughly equivalent to AU$2.17 million per MW 

of capacity. In SEQ, energy production is supplemented by state-wide energy infrastructure, 

however smaller scale power stations are included within the energy mix at varying costs which 

are often higher on a per MW basis (ARENA, 2018). A decrease in household water consumption 

in the GB-AHBA scenario is expected to reduce net water demand by approximately 17,000 ML 

over a 20-year period, therefore reducing energy requirements for treatment, pumping, and 

sewerage energy requirements, which are approximately 1.11 MWh/ML according to a regional 

study (Hall, 2009). Out of the 0.84MW peak load reduction, water efficiencies contribute 

0.01MW of the total.  

Gurung et al (2016) investigated reductions in infrastructure costs from water saving measures in 

infill developments within the SEQ region, over a 50-year horizon. Their study found residential 

water efficiency measures deferred or eliminated trunk main augmentations (ie. pipe size 

augmentation), offering substantial financial benefits to the local government. The net present 

value of trunk main deferments, reduced size requirements and elimination of upgrades was found 

to reduce project costs by 11-51% (AU$1-7 million for some projects) or eliminate the need for 

some projects all together over the period (Gurung et al., 2016b). These benefits extend to other 

infrastructure assets such as deferment of new dams and desalination plants.  

Carbon emissions generated by energy production are high, in contrast to gas utilities, which 

exhibit a lower carbon emission factor, accounting for 0.05133 kg CO2-e/kWh/MJ. Therefore, 

increases in gas consumption are a less impactful contributor of carbon emissions in Queensland. 

Overall, the GB-AHBA scheme is modelled to deliver housing which can contribute a 947,379 

tCO2-e reduction of SEQ emissions. The SEQ region has been modelled to encompass 20% of 

the total AHBA program. Therefore, a national roll out of a GB-AHBA scenario, under similar 

modelling conditions, contributes to a national contribution towards 2.9%16 of Australia’s 

Conference of Parties (COP) 2030 carbon emissions reduction target (Government, 2015).  

 

16 Based on the total Australia’s carbon emission reduction COP pledge 2005-2030.  
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6.5.4 Policy enhancement opportunities 

Alternate policies were considered for the AHBA. The modelling of the BAU and GB 

scenarios under existing settings underscored several opportunities to improve policy outcomes 

to narrow the deficit of housing completions in the GB scenario and address broader issues to 

affordable housing demand. An analysis of these three policy optimisation scenarios detailed in 

Table 15 are explored in this section.  

Table 15. Policy enhancement scenarios. 

 Policy Key change Cumulative apartments built (20-year) 

BAU-AHBA GB-AHBA Difference 

 Real world  As modelled. No change. 7,773 7,654 2.37%* 

1) Grant for 

GB costs 

Provide a developer building 

grant up to 2.75% of 

construction cost, or 

AU$198,880 per development. 

The grant is designed to cover 

the cost of GB measures.  

7,773 7,822 (0.19%)** 

2) Increase 

investment 

commitment 

Increase the national annual 

investment target of the AHBA 

from AU$250m per year to 

AU$2bn per year.  

62,094 60,834 1.91%* 

3) Grant for 

GB costs & 

Increase 

investment 

commitment 

Combination of policy scenarios 

1 and 2. 

62,094 62,460 (0.59%)** 

*Comparably less housing versus BAU. 

** Comparable more housing versus BAU. 

6.5.4.1 Developer grant for green-building costs 

The GB-AHBA scenario was found to offer compelling reductions in operational utility 

consumption and utility costs and progress towards broader carbon-abatement targets. However, 

an important objective of the AHBA is to prioritise housing supply. The GB-AHBA scenario in 

its existing settings is expected to lag behind the BAU-AHBA scenario in this regard, due to the 

increased construction cost of GBs which were greater than the expected financing benefits of 

green-bonds. A GB grant policy was considered, which constitutes a cash grant which is 

equivalent to 2.75% of the average development cost or up to AU$198,880, provided to the 

developers. The purpose of the grant is to reduce or eliminate the green premium on construction 

costs. The net result is a 0.19% increase in overall housing outcomes over the BAU-AHBA 
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scenario. The increase is attributed to the green-bond financing savings and the reinvestment of 

these proceeds into the scheme. As a result, on an annual basis, there is a greater amount of 

available capital for loans in the GB-AHBA scenario. The total cost of the developer grant policy 

is anticipated to be approximately AU$25.8 million. These costs are considered to be marginal in 

contrast to the plausible net benefit of the GB-AHBA scheme as a whole. Utility cost savings to 

tenants are anticipated to be approximately AU$44.1 million, in addition to plausible regional 

infrastructure considerations for both capital expenditure and operation costs. Together, these 

benefits are expected to contribute to the commercial success story of the GB-AHBA from a 

wholistic view, albeit distributed through related- but- disjointed governmental constructs across 

federal, state and local government. 

6.5.4.2 Increase the national investment commitment 

The modelling of the AHBA under real world settings undertaken in this study has highlighted 

that the AU$250m annual investment target is insufficient to adequately address affordable 

housing demand in Australia. Increasing the annual investment targets has a significant impact 

on the total number of apartments produced, but the modelling suggests that government 

investment through a singular affordable-housing policy, such as the AHBA, is unlikely to meet 

latent or future demand, particularly within a 20-year horizon. Sensitivity testing revealed that an 

increase to AU$2 billion per annum of the annual federal investment targets of the AHBA would 

meet the SEQ affordable-housing demand in approximately 62 years of consistent policy support 

and investment. An increased annual investment target into affordable housing would not be 

unprecedented, but a AU$2 billion annual commitment would represent a strong government 

commitment relative to the size of the Australian economy. The low-income housing tax credit 

scheme in the United States, for example, comprises US$9 billion of the federal budget but is 

aimed to service a population over 13 times that of Australia. Comparable to real world settings, 

increasing the national investment commitment does not adequately compensate for the BAU vs 

GB construction costs, therefore consistent with real world policy settings, the BAU scenario 

delivers 1.91% more housing overall.  

6.5.4.3 Developer grant and increased national investment commitment 

Lastly, a combined policy was modelled which considered both a developer grant for GB costs, 

in addition to an increased national investment commitment for the AHBA. The combination of 

these two policies delivered 0.59% more housing in the GB-AHBA scenario, due to the 

comparatively larger scale of investment, the financial benefits of the green premium on financing 

costs are compounded. This combined policy scenario is dependent on the political appetite to 
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address the affordable housing issue in Australia, however in doing so, would fundamentally 

change the scale of the affordable housing program. 

6.5.4.4 Other scenarios 

Other scenarios explored included expedition of the planning process for GB’s, and a combination 

of an expedited planning process and developer GB grant. Expedition of the planning process was 

modelled for the GB scenario which focused on shortening planning and loan processing delays 

by half compared to the BAU scenario. Planning and loan issuance delays were reduced from 4 

and 3 months to 2 and 1.5 months respectively. As a result, active housing units in the GB scenario 

exceeded the BAU scenario, particularly in the early stages, however, as the scheme matures 

supply begins to stabilise, and the difference between the BAU and GB housing outcomes 

narrows. A modelling period of 20 years culminative housing outcomes in the BAU-AHBA 

exceeds the GB-AHBA by 1%. The expedited development approval process offers a compelling 

scenario for policy enhancement, however limitations in real world application arise due to the 

complexity of integrating such a policy. A combined policy was modelled which considered both 

a developer grant on GB costs and expedited development approval for the GB-AHBA scenario. 

The combination of these two policy changes significantly benefit the GB-AHBA over the BAU-

AHBA, which was forecasted to deliver 3.48% more housing than the BAU scenario over 20 

years. This combined policy scenario suggests that construction costs and development approval 

timeframes are important governing factors to achieving comparable outcomes for a GB mandate 

over a BAU scenario and should be considered in future policy.  

6.6 Discussion and conclusion 

Affordable-housing need in Australia is estimated at 1.3 million households and is forecasted to 

rise to 1.7 million by 2025 (Rowley et al., 2017). Affordable-housing schemes, such as the AHBA, 

are an essential component to curbing these increases. The significant investment involved in such 

schemes requires careful consideration on ways to optimise outcomes for all stakeholders and 

contribute to broader economic, environmental and social opportunities. A systematic view of 

affordable housing policy has been required and has been addressed in this paper. 

This study has presented a novel SD model investigating plausible outcomes of the AHBA under 

two scenarios: a BAU scenario and a GB scenario. Overall, the GB scenario was found to offer a 

compelling case for its integration into future affordable-housing policy schemes. Despite 

producing 2.37% less housing over a 20-year period, the GB scenario showed promising 

reductions to operational utility consumption and utility costs and progress towards broader 
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national carbon-abatement targets. Low-income tenants in the GB-AHBA scenario are expected 

to benefit from a 45-59% reduction in energy bills, and a 27% decrease in water bills versus a 

BAU-AHBA scenario. In aggregate and under real-world policy settings, these savings are 

anticipated to provide a net benefit of AU$44,145,616 over 20 years, distributed to approximately 

7,700 households who will benefit from this scheme. This can be regarded as a direct demand-

side subsidy to tenants offering reductions in overall housing costs. Substantial reductions in 

energy and water demand might offer opportunities to defer regional infrastructure planning, 

unlocking further financial benefits. Sustainable financing avenues via government-backed green 

bonds are forecasted to provide an additional $6,789,153 of capital towards housing supply, and 

it is plausible that a national launch of the GB-AHBA could contribute to 2.9% of Australia’s 

COP 2030 carbon emissions reduction pledge. Given these benefits, policy changes to the AHBA 

are recommended to focus on the two symbiotic concepts in the GB-AHBA scenario, namely: a 

mandate on delivery of GB standards on rental housing stock and, engagement with the green 

bond market with the aim to capitalise on pro-environmental preferences of bond market 

participants. 

The study has practical implications for the development of the government-supported Australian 

affordable rental housing sector in a manner that focuses on environmental sustainability and 

broader social and economic benefits. It makes methodological contributions to broaden the 

applications of SD within Australian affordable housing policy research. However, there are a 

several study limitations and opportunities for future research. Building performance 

assumptions, for example, sought to engage with reliable databases to provide an informed, 

although indicative, estimate on a BAU versus GB scenario in the Brisbane area. Utility 

consumption data is varied according to regional climactic and building code conditions. Further, 

there is often a mismatch of design and as-built operational performance savings caused by 

several factors (i.e., occupant behaviour and envelope performance, among others). Future 

research may consider the collection of primary data of a BAU versus GB multi-residential 

development over a year, in several regions. This approach would negate the ambiguity of 

secondary data and improve the accuracy of national implications of the scheme. The model 

provides a suitable basis for future improvements which may consider the financial implications 

of potential increases in residual value of affordable housing developments that have achieved 

green star certification (Zhang et al., 2017; Chegut et al., 2016) and plausible health and 

community benefits (Hu et al., 2014). Future research can appropriately simulate these influences 

through the addition of further modules. 
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The establishment of the AHBA offers a unique turning point in Australian affordable-housing 

policy, enabling investment at scale into the sector, supported by the bond market. The affordable 

housing supply successes that have been achieved in comparable advanced economies offer a 

glimpse into the potential impact of bond based affordable-housing schemes. Australia has the 

unique opportunity to learn and improve on these, whilst promoting a national effort towards a 

greener economy.   
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Chapter 7: Conclusions 

7.1 Chapter overview 

This chapter outlines the PhD research project goals and associated key findings. The core 

research objectives, methods, and results are organised, including the research implications. 

This research focused on the Australian affordable housing sector to understand how GB 

principles and sustainable financing avenues could be integrated into mainstream affordable 

housing policy, including the plausible outcomes of changes. The research drew from the insights 

of expert stakeholders in addition to a broad base of literature. Three studies were explored to 

achieve the research goals. An overview and closure of the thesis is included herein. 

7.2 Research objectives and outcomes 

7.2.1 Overarching goal of the PhD study 

The overarching goal of this research has been to explore the implications and opportunities for 

integrating GB principles, and also green bonds, into mainstream affordable housing policy in 

SEQ. The approach has been to separate this research into three stages. The first stage involved a 

comprehensive literature review and engagement with stakeholders and industry partners at the 

NAHC. A series of semistructured interviews were undertaken to gain a broad understanding of 

contemporary issues in Australian affordable housing policy, which was supported by a 

comprehensive literature review of academic and industry literature. Through this process, the 

conceptual basis of the research was advanced. The AHBA model was selected as a suitable basis 

for changes towards a ‘green’ affordable housing policy framework, which has been referred to 

as the GB-AHBA. The second stage involved two foundation studies. The first foundation study 

investigated the financial implications for tenants and developers of integrating GB principles 

into a typical affordable housing development in the SEQ context. The second foundation study 

investigated the plausible financing benefits of pursuing green versus conventional bonds, which 

have funding implications for the conceptual GB-AHBA. Lastly, the final stage of this research 

connected these concepts into an operational SD model, which modelled plausible environmental, 

social, and economic outcomes of the BAU-AHBA and GB-AHBA in the SEQ context. A 

summary of the objectives and outcomes of these stages is included in this section. 
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7.2.2 Stage 1: Valuing GB principles in SEQ 

The first foundation study sought to address the first objective of the thesis, summarised in 

question form as follows: What is the ‘value’ of GB principles in SEQ and within the context of 

affordable rental housing policy? 

The affordable rental housing sector shares similarities with the market rental sector, such that it 

is subject to split-incentive problems for investments in energy, water, and gas efficiency 

upgrades for rental housing. Tenants are obliged to pay for utility expenses based on their 

consumption; therefore, it is useful to understand the implications of efficiency investments over 

a typical rental housing tenure. This study explored the financial implications of integrating GB 

principles for tenants as well as the longer-term value proposition of investments into efficiency 

measures, over 10 and 20 years, using the NPV approach. 

Objective 1 of this research engaged with a case study of a typical affordable housing 

development in Yeronga, Brisbane. From the design stage, two scenarios were analysed to 

determine the estimated household utility savings between a ‘BAU’ and ‘Green-certified’ case. 

Overall, the study found that operational utility efficiencies, achieved through GB principles, may 

reduce housing costs by AUD $5–18 per week for one- to four-person households, respectively. 

Within the context of affordable rental housing policy, these savings equate to 1.7–3.8% 

reductions in total housing costs. In addition, the investments are expected to yield a positive NPV 

over the building lifecycle, which suggest favourable support for policy interventions (such as a 

GB grant). The implications of these findings are threefold: 

• Typical BAU and GB utility consumption rates were established for various household 

sizes and compositions. These data, with due regard for data limitations, were carried 

forward into the operational SD model. 

• The influence of GB principles and the resultant operational cost efficiencies were 

expressed as a function of total housing costs. These findings contextualise GB principles 

as a plausible form of a demand-side tenant subsidy, which fits within existing 

perceptions of affordable housing assistance (i.e., the provision of rental housing at a 

‘20% discount to market rent’ approach). 

• GB principles were established as a value-adding consideration for future affordable 

housing policy through an NPV analysis. As a result, policy recommendations were 

proposed. A GB grant designed to reduce or eliminate the green premium on construction 
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cost is expected to deliver benefits to all stakeholders, including government, tenants, 

developers, and investors. 

Findings from the foundation study informed inputs and stakeholder interactions, which were 

carried forward in the SD model developed in Stage 3. 

7.2.3 Stage 2: Financing implications of green bonds 

The second foundation study investigated the emerging green bond market to identify financing 

benefits that could plausibly support a GB mandate within Australian affordable housing policy. 

The focus of this study was on objective 2 of this thesis, summarised in question form as follows: 

How can future affordable housing policy capitalise on emerging socially responsible investment 

avenues within capital markets? Are there plausible funding implications for engaging with the 

green bond market? 

The literature review identified the phenomenon of the ‘green premium’ or ‘greenium’ within 

green bond pricing, including insights into the bond characteristics most commonly associated 

with it. The green premium, simply put, implies that investors are willing to accept a lower yield 

to hold or purchase ‘green’ bonds versus conventional bonds. To understand the green premium 

phenomenon, this study addressed objective 2 through a systematic literature review of all 

relevant green bond literature published between 2007 and 2019. The review established a 

consensus on the existence of the green premium, which has been confirmed in 56% of primary 

and 70% of secondary bond market studies. The green premium varies widely for the primary 

market; however, an average greenium of −1 to −9 basis points on the secondary market was 

observed. The review established that the green bonds most likely to exhibit a green premium met 

defined bond characteristics, namely government-issued, investment grade, and following defined 

green bond governance and reporting procedures. The implications of these findings are 

summarised as follows: 

• A consensus on the green bond premium was established, which has implications for 

bond-based Australian affordable housing policy, such as the AHBA scheme. 

• Loans underwritten by housing bonds, which are used to fund affordable housing 

developments under the AHBA scheme, offer an opportunity to issue green housing 

bonds that are conditional upon a GB mandate on affordable housing developments. 

• The structure of housing bond issuances within the AHBA scheme are government issued 

and benefit from an investment grade rating, which, as this study found, are important 

characteristics commonly associated with the green premium. Therefore, a green housing 
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bond issued under the AHBA shares many characteristics with green bonds that have 

exhibited a green premium. 

The green bond premium offers a compelling argument for the integration of GB principles into 

the AHBA scheme. The findings from the second foundation study were applied to the GB-AHBA 

framework, which was modelled in the final stage of the research. 

7.2.4 Stage 3: Synthesis and policy testing using an operational SD model 

The final step of the research organised the findings from the earlier stages into an operational 

SD model. This stage addressed objective 3 of the research, summarised in question form as 

follows: What are the broader influences on environmental, social and economic realities of 

policy changes that focus on GB in affordable housing policy? 

Through a participatory system modelling approach, with guidance from stakeholders and 

relevant literature, an operational SD model was developed. The purpose of the model was to 

examine how a mandate on GB standards together with the use of green versus conventional 

bonds impacts social, environmental, and economic outcomes of the framework over a 20-year 

horizon within the SEQ area of Australia. The model was structured on the AHBA framework 

(referred to as BAU-AHBA), with GB changes in a modified GB-AHBA framework. The inherent 

processes of the framework and external factors were organised into three component models to 

manage the dynamics of appropriate factors, which are associated with broader environmental, 

social, and economic realities. The ‘Housing model’ captures the supply and demand dynamics 

of affordable housing in SEQ, taking into consideration regional demography, supply, and 

demand factors over time. The ‘Finance model’ governs the affordable-housing loan process, 

which is broadly based on the AHBA model. Notable changes to the GB-AHBA model include a 

revolving loan function, which reinvests plausible finance savings into the total funds available 

in a given year, with the objective of compensating for a portion of the additional costs expected 

to be incurred by a GB mandate. The ‘Operational utility model’ forecasts the energy, water, and 

gas demand, consumption, and costs for apartments delivered by the scheme. These are based on 

apartment size (one, two, and three bedrooms) and net expected occupancy. 

Overall, the findings suggest that a reasonable case exists for pursing GB principles in affordable 

housing policy in SEQ, with broadly consistent benefits nationally. A strategy promoting green 

affordable housing was found to deliver substantial long-term energy and water efficiency 

benefits, improved affordability for tenants due to reduced utility costs, deferred water and energy 
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infrastructure benefits, and considerable contributions towards Australia’s carbon emission 

reduction targets. 

Tenants are expected to benefit from a 45–59% reduction in energy bills as well as a 27% decrease 

in water bills compared with a BAU-AHBA scenario. In aggregate and under real-world policy 

settings, these savings are anticipated to provide a net benefit of AU$44.1 million, distributed to 

the approximately 7,700 households expected to be housed as a result of the scheme over a 20-

year simulation period. The incremental utility cost savings can be regarded as a direct demand-

side subsidy to tenants, offering reductions in overall housing costs. On the supply-side, the 

structure of the GB-AHBA is conducive to policy measures in the form of the developer GB grant 

to compensate for anticipated development cost increases for achieving GB certification. The cost 

of the GB grant is expected to be marginal compared with the benefits, totalling approximately 

$25.8 million for SEQ. In the absence of a GB grant, the GB-AHBA is expected to deliver 2.37% 

less housing as a result of the increased construction costs. In both scenarios, the AUD $250 

million national investment commitment, 20% of which is modelled to be directed to SEQ, falls 

short of delivering the appropriate amount of housing that would satisfy regional affordable 

housing needs. 

The BAU-AHBA and GB-AHBA schemes are expected to cumulatively deliver approximately 

7,773 and 7,654 apartments, respectively, over 20 years in SEQ. From a regional infrastructure 

planning perspective, operational utility savings at scale have been found to defer infrastructure 

upgrades such as distribution and capacity upgrades for energy and water networks. The GB-

AHBA scheme is modelled to deliver housing which, compared with BAU, can contribute to a 

947,379 tCO2-e reduction of SEQ carbon emissions over 20 years. Should the program be scaled 

nationally, the efficiency improvements resulting from housing delivered by the GB-AHBA are 

expected to comprise 2.9% of Australia’s Conference of Parties (COP) 2030 carbon emissions 

reduction target. 

The implications for the findings of the systems dynamics model are summarised as follows: 

• A novel SD model was developed that seeks to establish plausible outcomes of the 

Australian bond aggregator model in SEQ, known as the BAU-AHBA. The baseline 

policy was then compared with a proposed GB-AHBA framework, which included a GB 

certification mandate, and the application of green bonds. 

• A GB mandate within the AHBA is expected to yield positive outcomes for a number of 

stakeholders. Tenants are expected to achieve utility cost decreases. For developers, split-

incentive problems are reduced or eliminated through policy. Local, state, and federal 
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governments are expected to benefit from deferred or eliminated infrastructure planning 

requirements, progression towards a ‘green economy’, and considerable progress towards 

COP emission reduction targets. 

• Policy recommendations were provided to address key leverage points that support the 

case for the GB-AHBA. A GB grant was found to provide the most appropriate policy 

solution to deliver green affordable housing, the benefits of which are expected to be 

outweighed by the costs. 

7.3 Study contributions 

This PhD research makes original contributions to theoretical, methodological and practical 

knowledge in the fields of affordable housing policy and sustainable finance. The following 

section describes the specific contributions of the research.  

7.3.1 Theoretical contributions 

‘Green’ affordable housing policy has been the central theme to this research. The theoretical 

focus has been to provide new insights into the connected nature of government social assistance 

programs and the operational utility efficiency of our built environment. The study organised 

cross-disciplinary expertise into a novel SD model to understand how policy innovations that 

focus on GB principles could translate into ongoing fixed income mechanisms for tenants as well 

as improve economic, societal, and environmental policy outcomes (versus BAU) from a holistic 

perspective. This research proposed that affordable housing policy offers an opportunity to 

synergise with emerging trends towards environmental sustainability, which are largely shared 

among stakeholders – particularly policy makers and institutional investors. 

The first theoretical contribution was in theorising and investigating the concept of energy, water, 

and gas efficiency as a form of a demand-side subsidy to provide financial support to low-income 

households through green-certified affordable housing policy. This is not the first study to discuss 

concepts of utility efficiency in affordable housing; however, its purpose has been to quantify and 

confirm the benefits within the context of SEQ and establish how these concepts could be 

integrated into Australian affordable housing policy. To the author’s knowledge, this has not yet 

been explored in the Australian context. 

Secondly, this research provided theoretical insights into the drivers and characteristics that 

govern the green bond premium through a novel systematic literature review. The drivers of the 

green premium were organised into a novel framework. It was posed that the drivers are driven 
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by environmental, social, and economic factors, which have previously been undefined. The 

review established a consensus on the green premium phenomenon within primary and secondary 

market issuances. These findings contribute to bond pricing theory by suggesting that future bond 

pricing should consider noneconomic motives of investors, such as environmental preferences. 

Bonds issued under the AHBA are of appropriate size, risk profile, and liquidity to be conducive 

to institutional investors. Since bond proceeds are underwritten by affordable housing loans, they 

form a suitable candidate for green bonds – provided that an appropriate policy structure ensures 

the housing assets are suitably ‘green’. This research has therefore engaged with the theoretical 

notion that should a green housing bond follow the prescribed drivers and characteristics that 

govern the green premium in bond prices, then debt financing benefits are nascent for a GB-

AHBA type policy scenario. 

7.3.2 Methodological contributions 

This research engaged with a mix of methodologies, which were organised based on their 

appropriateness for addressing each objective. 

Firstly, a case study was developed to explore the ‘value’ of GB principles within the SEQ 

context. A novel methodical approach was employed to quantify the anticipated operational utility 

cost savings and their influence on reducing total housing costs. This approach is unique in that 

it engages with utility cost savings as a measure that is easily transferable to mainstream 

affordable housing subsidy approaches, such as that used by the NRAS. The NRAS employs a 

standardised discount to market rent approach (i.e., 20%) as a requirement for a rental dwelling’s 

eligibility in the scheme. In other words, the tenant benefits from a demand-side subsidy that is 

equivalent to 20% of the market rent of the unit. The quantification of utility efficiency as an 

associated demand-side subsidy broadened the definition of housing assistance, with due regard 

to methodological limitations arising from the case study, which were outlined. 

This PhD research presents, to the author’s knowledge, the first systematic literature review of 

studies that have investigated the green bond market. The review revealed a consensus on the 

green premium, factors, and bond characteristics that govern the green premium on bond prices 

in the primary and secondary markets. 

The main methodological contribution of this research stems from the application of the SD 

approach. The approach contributes to the limited research in affordable housing policy in 

Australia and makes a broader contribution to Eskinasi’s ‘housing policy group’, a limited 
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grouping of studies that have applied SD to housing policy-related issues. This study broadened 

the coverage of the field to include bond-based affordable housing policy, including distinct 

component models that unpack the dynamics of regional demography, housing supply and 

demand, methodological approaches for regulating the distribution of affordable housing loans, 

utility consumption, and price considerations over time within multi-residential housing in SEQ. 

7.3.3 Practical contributions 

This research makes several practical contributions; however, the core implications are directed 

at policy makers for affordable housing. 

The case study provided practical contributions towards the limited empirical analysis of ‘green’ 

affordable housing within the Australian context. The study argued that while market rents 

comprise the bulk of housing-related expenses, utility bills are also substantial household 

expenditures and should receive greater consideration within affordable housing policy. An 

empirical value consideration was identified for the SEQ context. The study invoked a rethinking 

of the way affordable housing incentives are administered through a combination of demand- and 

supply-side subsidies. The findings suggest that demand-side subsidies directed to tenants may 

be supported by GB practices. Furthermore, supply-side subsidies may be provided through 

policy directed at developers and community housing providers. In the context of the AHBA, the 

supply-side subsidy is proposed in the form of a low-cost loan. 

The next practical contribution was provided through the systematic literature review, which 

revealed a consensus on the green bond premium, particularly for green bonds that are 

government issued, investment grade, and that follow defined green bond governance and 

reporting procedures. As the demand for ‘green’ asset classes grows internationally, emerging 

opportunities exist to capitalise on bond-based financing models that finance a pool of underlying 

green-certified affordable housing assets. The findings of the systematic literature review have 

implications for government housing bonds issued to fund the AHBA. In a GB-AHBA scenario, 

a green housing bond should be structured such that it can best take advantage of the green 

premium phenomenon; for example, the findings reveal the importance of adhering to green bond 

standards and engaging a third-party verifier, which were highly correlated with the existence of 

a green premium among the sample analysed in the review. 

A participatory SD modelling approach was engaged to explore the implications for 

environmental, social, and economic realities of integrating a GB mandate, and also the use of 

green bonds within the AHBA in SEQ. The model provides a practical representation of the 
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structure of the AHBA, including the plausible influence of the scheme on the SEQ region, and 

of a broad but interconnected range of factors. The dynamic nature of the model provides practical 

contributions to assist government policy makers in setting future affordable housing policies, 

which are beneficial to a broad range of considerations; for example, linkages with regional 

residential housing efficiency and infrastructure planning. 

7.4 Research limitations and future research directions 

The limitations of this PhD research and future research directions are outlined as follows: 

• Case study assumptions: The case study investigated in this research was intended to 

provide an informed, although indicative, estimate on a BAU versus GB scenario in the 

Brisbane area. The case study sought to engage with reliable databases that have been 

refined for relevance to the local area. There is often a mismatch of design and as-built 

operational performance savings caused by several factors (i.e., occupant behaviour and 

envelope performance, among others). Future research may consider the collection of 

primary data of a BAU versus GB multi-residential development over a year. This 

approach would negate the ambiguity of secondary data. 

• Spatial limitations and data: Despite the national implications of the AHBA, the research 

was limited spatially to the SEQ region due to the need to set realistic project boundaries. 

The research involved compiling and analysing large samples of locally specific utility 

consumption data, which varied according to regional characteristics of building code 

and climate. The systems model required validation checks from local experts on several 

assumptions, which required local knowledge. Therefore, the research focused on the 

SEQ region. Further generalisation of the research could be achieved by replicating the 

methodology for a more comprehensive range of climate zones and geographical regions 

within Australia or internationally. 

• GB rating certification: The research engaged with the ‘Green Star Multi-residential 

rating system’ only. Several noteworthy GB standards exist in Australia; however, with 

consideration to the scope of the thesis, one rating system was selected based on the 

availability of benchmark data and stakeholder experiences. 

• Green bond data limitations: The systematic literature review employed in this research 

was largely based on studies that have examined international green bond markets. The 

Australian green bond market remains in its infancy, with few examples to use as a basis 

for a review. Future research is recommended to follow up with an analysis of the pricing 

characteristics of the Australian green bond market when sufficient examples are 
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available. Further, future studies would benefit from a comprehensive breakdown of 

green premium determinants, such as geographical region, currency, market sector, and 

comparisons of green bond standards not covered in this review. As more data becomes 

available on GB pricing characteristics, a future systematic literature review is 

recommended which engages with a larger sample size, including a broader scope 

academic publications in other languages. 

• Model boundary limitations: All models are subject to limitations in scope of use, detail, 

boundaries, and context. This research defined model boundaries that define endogenous 

and exogenous parameters. According to Sterman (2000), ‘nothing is exogenous’, but 

realistic boundaries were required and integrated into this research that imposed 

limitations on the accuracy of the findings. The purpose of the SD model is to assist 

stakeholders in understanding the system being analysed. The model was built on a series 

of assumptions of the project team and stakeholders, many of which are based on 

individual or collective observations of reality. Where possible, assumptions have been 

supported by reliable statistics. The model provides a suitable basis for future 

improvements. Future research is recommended to reduce the number of model 

boundaries by connecting additional modules that capture a more detailed level of 

complexity in, for example, forecasting affordable housing needs. A further level of 

complexity may take factors into consideration that influence affordable housing needs 

identified by Rowley et al. (2014), which includes labour markets (earnings and status), 

housing market (prices), household formation (using demographic data), and tenure 

choice. Additional research considerations could consider the financial implications of 

potential increases in residual value of affordable housing developments that have 

achieved green star certification (Zhang et al., 2017; Chegut et al., 2016) and plausible 

health and community benefits (Hu et al., 2014). Future research can appropriately 

simulate these influences through the addition of further modules. 

Specific limitations for each study were expanded upon within each related chapter. The 

limitations of this research are acknowledged, and efforts were implemented to minimise their 

impacts over the course of this PhD study. Limitations, where they have been highlighted, offer 

opportunities for future research. 

7.5  Closure 

Australian affordable housing policy has reached a crossroad. The phase-out of the NRAS and 

the move towards bond-based models, spearheaded by the Australian AHBA, represent a new 
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phase of the affordable rental housing sector. The introduction of institutional investors into the 

sector has the opportunity to accelerate the supply of affordable rental housing with broad 

implications. Supply successes that have been achieved in comparable advanced economies offer 

a glimpse into the potential impact of bond-based affordable-housing schemes. This research 

provides a practical and timely contribution to the Australian affordable housing policy debate, 

particularly with regard to the AHBA, which is relatively new in its operation. It is important to 

note that the affordable housing sector is largely undeveloped in Australia, accounting for only 

4% of all dwellings. This is in contrast to Austria, Sweden, and the UK, which have had well-

funded affordable housing programs in operation over many years, resulting in a net stock of 

around 18–25% of all dwellings. The recent introduction of the AHBA represents a possible 

paradigm shift in the affordable housing landscape in Australia; therefore, a shift towards GB 

practices in this early stage of the scheme is expected to have compounding benefits over the 

longer term. 

Australia has the opportunity to learn and improve on international models of affordable housing. 

The ‘green’ AHBA framework proposed and explored in this PhD study has been found to offer 

a compelling argument in support of a GB mandate to support a broader range of government 

objectives, including plausible financing benefits through engagement with the green bond 

market. This research has sought to deliver a comprehensive review, and also realistic changes to 

Australian affordable housing policy, by engaging with a systems approach to merge complex 

and multidisciplinary concepts of engineering and finance. Affordable housing policy offers an 

opportunity to deliver on economic, social, and environmental objectives towards a more 

sustainable future. 
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Appendix A: Case study assumptions 

A1. Construction costs 

A1.1  Baseline development cost 

A rate was determined for the total development cost, which includes both design and construction 

related expenses. The baseline cost of construction is assumed to be $2,250 /m2 for the Yeronga 

affordable housing development. This is consistent based on the Rawlinson’s average 

construction cost guide for a 5 level, medium-high finish, residential development, with a lift, 

concrete structure and basement parking in Queensland (Rawlinsons, 2016). 

A1.2 ‘Green Premium’ on development cost 

A US based study conducted by the ‘Green CGC in 2009, found that on average, there was a 

“green premium” of 2.42% in total development costs for new construction. These incremental 

costs were largely due to increased construction (as opposed to design) costs. The study identified 

59 recently constructed ‘green’ affordable housing projects, from around the country, however 

only 16 were shortlisted which met the criteria set by the study. A projects ‘green’ credentials 

were considered if it was ‘environmentally superior to standard projects in the area, either by 

exceeding local code requirements or by including unique GB objectives not commonly 

associated with such projects’ (Bradshaw et al., 2009). 

A comparable 2016 Green Star study assessed the total credit rating costs for 30 Green Star 

Certified Projects around Australia. Green Star Certification costs were aggregated to include: the 

cost of documenting the rating system credits including compiling the submission, the 

certification fee, and the ‘implementation cost’- which included costs for materials and 

installation which were directly tied with the criteria for each credit applied for. The proportion 

of the premium considered was variable- depending on the material requirement (ie. If an 

item/feature would have otherwise not been installed in a business as usual scenario, 100% of the 

cost was applied. If ‘green’ materials were used in lieu of baseline materials, a cost premium over 

BAU was considered in the total expense.) (GBCA, 2016b). Table 16 details the typical cost 

premium per square meter to achieve green star certification. The ratings are ranked from 4 stars 

to 6 stars, being the highest. 
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Table 16 - Cost of Green Star per star-rating. 

Green Star Rating Green Star Cost Premium per m2 (%) Sample Size 

4 Star 1.5 3 

5 Star 2.7 15 

6 Star 3.2 12 

Total 2.9* 30 

Source: Green Building Council Australia (GBCA, 2016b) 

Notes: *Average Green Star cost premium, as a percentage of overall design and construction cost. 

For the purposes of this study, we consider the following high, median and low ‘green’ premium 

cost estimate on total construction cost (design and construction). The GB scenario modelled was 

that of a 4 star rating. In following a range of scenarios the study seeks to provide a robust range 

of possible outcomes. The following green premium scenarios presented in Table 17 are 

modelled: 

Table 17 - Green Premium Sensitivity Analysis Assumptions. 

Scenario Percentage on Total Construction Cost (%) 

High green premium 4 

Median green premium 2.75 

Low green premium 1.5 

A1.3 Data limitations 

The cost premium information for the green star study was limited in sample size, particularly for 

the residential sectors, with only eight projects in the sample. Specific ‘green’ premiums can often 

go over or under reported, as projects did not provide financial estimates for non-Green Star 

alternatives. Costs in the study were provided as an informed estimate, which were signed off by 

members of the project team. All projects in the study varied in size, location and complexity, 

which creates in-consistency with reported data. Additionally, there are a number of possible 

routes to achieving a green star certification, each with varying costs and requirements. These 

factors created a broad range of cost premiums over the sample. It can be noted, in the US based 

study, total development costs for green projects ranged up to 18% above the cost for conventional 

affordable housing stock. The CGC Initiative study did not exclusively include LEED Certified 

projects, therefore administrative and rating expenses were undocumented; comparative Green 

Star assessment/certification costs were considerable- adding and average of 0.7% to the total 

construction cost, 50-30% of the total green premium depending on the scenario applied.  
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A2. Utility consumption 

A2.1  BAU energy consumption 

Benchmarking data has been derived from a March 2015 report, produced on behalf of the 

Australian Energy Regulator (AER). The AER regulates wholesale and retail energy markets, and 

energy networks, under national energy legislation and rules. (AER, 2015). The AER 

commissioned Acil Allen Consulting to conduct a series of detailed household electricity 

consumption benchmarking studies in 2011 and a revised version in 2015. 

The study investigated the average annual electricity use of households in each state. 901 homes 

were assessed for the Queensland benchmark. Data collection was derived from three main 

sources: (i) Residential customer surveys, (ii) Usage (consumption) data from electricity 

distributors for those customers, and (iii) lastly, ‘matching’ the two data sets in accordance with 

pre-defined metrics. Econometric techniques were then applied to estimate the benchmarks based 

on the matched dataset. Household size (persons) was the predominant factor which had an impact 

on average household electricity consumption. The report found that on average residential utility 

consumption had decreased between 2011 and 2015, although utility prices had escalated. 

The study differentiates outliers which have a significant impact on overall consumption, such as 

those with a pool and those which utilise gas as part of the household energy consumption mix. 

Households with no gas connections and a pool consistently having the highest energy 

consumption versus those with gas connections and no pool having the lowest. It will be assumed 

that the case study development does not have a pool, but has a gas connection. Therefore, the 

following average electricity consumption benchmarks, presented in Table 18, shall be used: 

Table 18 - Average electricity consumption of Queensland households. 

 Household size (persons) 

Seasonal (kWh) 1 2 3 4 

Summer 605 1130 1511 2171 

Autumn 477 1009 1227 1800 

Winter 494 937 1256 1717 

Spring 519 909 1402 1932 

Total (kWh / annum) 2095 3985 5396 7620 

Source: Australian Energy Regulator (AER, 2015) 

Residential electricity consumption in Queensland remains relatively constant throughout the year 

in comparison to other Australian states. This is attributed to the regions temperate climate thereby 

reducing large variations in cooling/heating loads. 
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This study shall focus on the Green Star - Multi Unit Residential’ rating category, which 

comprised 12 buildings of the study. Whilst a relatively small sample size, the study is 

representative of green star buildings in operation, rather than in design stage. There is often a 

mismatch of design and as-built operational performance savings due to a number of factors (i.e 

occupant behaviour and envelope performance, among others), as noted in the data limitations of 

the paper. 

BAU benchmarks have been determined as a basis for comparison against Green Star buildings 

in this study. Benchmarks are the basis for indicative savings associated with Green Star buildings 

(ie. Brisbane based buildings are benchmarked against local buildings of the same use). There are 

two benchmarks used in the study; standard practice for new construction and standard practice 

for existing stock.  

A2.5 GB electricity and gas consumption 

For the ‘Green Star – Multi Unit Residential’ rating category, energy and gas consumption 

differences between BAU and GB are presented in Table 21. 

Table 21 - Average green building electricity and gas consumption over BAU. 

Benchmark 
Annual electricity consumption 

change over BAU (MWh) 

Annual natural gas 

consumption change over 

BAU (MJ) 

Green Star – Multi Residential 

certified versus new construction 
-40% (5100 MWh saving) +14% (4300 MJ increase) 

Source: Green Building Council Australia (GBCA, 2013b)  

Many of the buildings in the sample include natural gas fuelled co-generation or tri-generation 

systems. Hence, in some cases, annual natural gas consumption increased at the benefit of a 

reduction in electricity demand. Gas-assisted solar hot water systems are also an effective feature 

to reduce energy consumption for multi-unit residences, at the expense of a marginally higher gas 

consumption. The total electricity and gas saving volumes quoted are across the whole sample 

size (428 buildings). 

A2.6 GB water consumption 

Indoor water appliances can be divided into six different categories; showerheads, toilets, tap 

equipment, washing machines, dishwashers and urinals (Willis et al., 2013).  The Green Star 

rating system categorises residential water savings using the WELS star rating for water 

appliances in dwellings. In addition, the current Queensland Development Code (QDC) 
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‘Mandatory Part’ (MP 4.1) requires all new dwellings are required to meet a minimum standard 

of water appliances, based on the WELS rating system (QDC, 2011). For the purposes of this 

research, it is assumed that the development does not include urinals or dishwashers, therefore 

they have been removed from the sample. 

Minimum WELS ratings according to the QDC MP on fixtures and appliances are tabulated in 

Table 22. 

Table 22 - Queensland Development Code WELS requirement. 

Water product Minimum star rating required Description 

Showerheads 3-star 7.5-9.0  L/min 

Toilets 4- stars 

3.1-3.5 L/flush with dual flush 

function 

Tap equipment 3-stars 7.5-9.0  L/min 

Clothes Washing machine 

2.5-star for >5kg capacity 

3-star for <5kg capacity 

52-76 average  L/ wash 

66-102 average  L/ wash 

Source: Queensland Development Code (QDC, 2011) 

The Green Star rating system awards points on the basis of the installation superior WELS rated 

appliances over BAU. Business as usual in this case can be considered the baseline Queensland 

Development Code. Upgrading water appliances will contribute to significant reduction in water 

consumption (Beal & Stewart, 2011a; Willis et al., 2013).  

Table 23 summarises the developments targeted appliance WELS rating, and the overall estimated 

water consumption reduction over BAU. 

Table 23 - Green building water efficiency assumption. 

Water 

product 

Development 

target 

WELS 

rating 

Water saving 

range from 

benchmark 

WELS rating 

Median 

reduction saving 

over BAU per 

water product 

Applied 

weight 

of use 

Estimated water 

reduction over 

BAU* 

Showerheads 
3-Star (high 

performance) 
0-50% 25% 0.4 

26.7% 

Toilets 5-Star 3-20% 11.5% 0.20 

Tap 

equipment 
5-Star 25-45% 35% 0.18 

Clothes 

Washing 

machine 

5-Star 31-43% 37% 0.22 
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Source: Green Building Council Australia(GBCA, 2010, 2016a) 

*weighted average calculation based on the average WELS fixture reduction over BAU, applied to the 

respective weight of use. 

Assumptions were made, with consideration to project budget and BAU design requirements, for 

the targeted WELS rating for fixtures and fittings for the development. Fixture and fitting 

performance can vary across samples with a number of metrics having an impact on overall 

performance (ie. Water pressure, user behaviour, construction quality/leaks). Water consumption 

in taps, for example, is largely influenced by consumer habits, behaviour and awareness(Bael et 

al., 2013; Beal & Stewart, 2011). Therefore, the median reduction target was considered.  

Studies have shown that the use of water products varies by application(Beal & Stewart, 2011a; 

Gurung et al., 2014). As a function of total indoor residential end water use, showerheads, 

followed by clothes washers, toilets and taps represent the largest proportion of consumption. 

These studies have informed the ‘Applied Weight of use’ column in the above table. 

Lastly, the final estimated water reduction over BAU was calculated as a weighted average of the 

median water reduction over BAU against their respective ‘Applied Weight’. 

A3. Utility cost and escalation rates 

Using the baseline information above, estimated total utility costs were investigated for the 

Yeronga Affordable Housing development. Benchmark Electricity and Gas consumption rates 

were inputted into the EME webpage, which provided the total estimated bill compared against 

various providers.  

A Single Rate Tariff assumption was used for both electricity and gas prices. Single rate tariffs, 

also known as ‘flat rate’ charging, does not vary electricity price according to peak and off peak 

times. The electricity and gas provider ‘Origin’ was used as a basis for the study. The estimated 

rates were as follows (all figures include GST): 

A3.1  Utility costs 

Electricity, gas and water utility costs for the Yeronga area are tabulated in Table 24 below. 

Table 24 - Yeronga electricity and gas utility cost. 

 Electricity* Gas** Water*** 

Unit cost 25.6 c/kWh 3.25 c/MJ 76 c/kL 

Daily supply charge 128.1 c/day 117.41 c/day 198 c/day 

Source: Energy Made Easy (EME, 2016b), Queensland Urban Utilities (Urban Utilities, 2016) 
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*Origin Supply (Tariff 11) ORI202008MR -Electricity Quotation for 4104 Yeronga, Brisbane. 

**Origin Supply ORI202038MR – Gas cost quotation for 4104 Yeronga, Brisbane. It is assumed that the 

total usage per day per unit will be below 25.5MJ per day, therefore charged at the ‘tier 1’ rate.  

*** Water is charged on a tiered consumption system. Baseline consumption rates do not exceed tier 1 

consumption rates, therefore only tier 1 charges are shown. The water daily supply charge includes a $48.12 

Water Access Charge, plus a $130.47 Sewerage Services charge per quarter. 

A3.2  Utility escalation and NPV discount rates 

The Australian Energy Market Commission (AEMC) publishes annual data on residential 

electricity price trends around Australia. According to their 2015 report, residential market offer 

electricity prices in South East Queensland are expected to increase by 3.3 per cent in 2015/16, 

decrease by 0.6 per cent in 2016/17 and increase by 4.2 per cent in 2017/18. This is equivalent to 

an average annual increase of 2.3 per cent for the representative consumer over the reporting 

period.  

Therefore, it shall be assumed that the average (retail) electricity escalation rate is 2.3% per year 

(AEMC, 2015).  

The average escalation of retail gas prices was approximately 3.8% annually during the 2003-

2013 period. As Australian LNG exports ramp up it is expected that the retail gas price for 

Queensland consumers will continue to increase. It is assumed that the average (retail) gas 

escalation rate will remain at 3.8% per year for this study (Swoboda, 2013).  

Based on past utility escalation rates published by the Australian Bureau of statistics, we will 

assume the average annual water cost will rise approximately 16% per year (ABS, 2016c).  

In summary Table 25 outlines the escalation rates which apply to operational utility expenses for 

tenants. 

Table 25 - Applicable utility escalation rates. 

Utility Applied tenant cost Escalation rate (per annum) 

Electricity 25.6 c/kWh 2.3% 

Gas 3.25c/MJ 3.8% 

Water 76c/ML 16% 

Source: Australian Energy Market Commission (ABS, 2016c; AEMC, 2015; Swoboda, 2013) 

Cost escalation assumptions shall only be applied to the base utility rate, and will not include the 

daily supply charge. 
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Appendix B: Summary of model 

assumptions and key variables  

B1. Introduction 

The following appendix organises the system dynamics (SD) model key variables, inputs and 

equations used for the synthesis and policy analysis study. The section has been organised into 

the component models, and their associated ‘clusters’ (or factors) which make up the broader SD 

model. Within each section, key input variables are first identified which are organised by cluster.  

Detailed equations are then provided, which have been organised alphabetically by variable name. 

The document concludes by providing outputs on simulated results, which have been tabulated. 

Figure 45 provides a high-level overview of the organisation of this document. 

 

 

Figure 45 - Associated models and factors. 
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B2. Housing model 

B2.1 Housing model variables and inputs 

Table 29 outlines the key variables used in the SD model, including input values, assumptions and sources for each variable. 

Table 29 - Housing model variables and inputs. 

Key Variable Description Input Value and Units Cluster Source 

Initial number of households 
The total number of total households in South East 

Queensland. 
1.19x106 Households Regional Demography (ABS, 2016b; ID, 2016) 

Rate of increase 
Regional household net growth rate. The rate of decrease 

is factored into the total. 
0.17%/year Regional Demography (Government, 2019) 

Percentage of single adult 

households 

Statistical likelihood of new household formation 

composition. Percentages are used to determine 1, 2- and 

3-bedroom apartment demand. 

47.5% Regional Demography 

(Wilkins, 2018) 

Percentage of adult couple 

households 
11% Regional Demography 

Percentage of single parents 

with dependent 
30% Regional Demography 

Percentage of parents with 

dependent 
5% Regional Demography 

Percentage of single parent 

with 2 dependents 
 

4% Regional Demography 

 
Percentage of parents with 2 

dependents 
2.5% Regional Demography 

Proportion of new 

households in rental stress 

Ratio of new household formations unable to enter market 

rentals without experiencing rental stress. 
2% Regional Demography (Rowley et al., 2017) 

Initial 1-bedroom apartment 

need 

Existing 1-bedroom apartment need in the SEQ region. 

These have been simplified into the ‘xBD apartment 

demand’ variable for this paper. 

120,645 (1-bedroom) 

Apartments 

Housing demand 

factors 

(ABS, 2016b; Rowley et 

al., 2017; Wilkins, 2018) 
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Key Variable Description Input Value and Units Cluster Source 

Initial 2-bedroom apartment 

need 

Existing 2-bedroom apartment need in the SEQ region. 

These have been simplified into the ‘xBD apartment 

demand’ variable for this paper. 

72, 181 (2-bedroom) 

Apartments 

Housing demand 

factors 
(ABS, 2016b; Rowley et 

al., 2017; Wilkins, 2018) 
Initial 3-bedroom apartment 

need 

Existing 3-bedroom apartment need in the SEQ region. 

These have been simplified into the ‘xBD apartment 

demand’ variable for this paper. 

13,405 (3 bedroom) 

Apartments 

Housing demand 

factors 

Time to plan to build Time for planned developments to progress to building 

stages. 

4 months Housing supply factors Stakeholder 

consultations. 

Time to build houses Time for developments to be constructed 12 months Housing supply factors 
Stakeholder 

consultations. 

Average apartment life in 

scheme 

Time for apartment to be locked into an affordable housing 

scheme. It is assumed these will be sold or moved to 

market rate housing or demolished after participating in 

the scheme. 

120 months 
Housing supply & 

demand factors 

Stakeholder 

consultations. 

Average household exit 

percentage 

The percentage of households who will exit the rental 

assistance scheme. The remaining households are 

modelled to re-enter the housing waiting list. 

98% 
Housing demand 

factors 

Stakeholder 

consultations. 
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B2.2  Housing model calculation input values 

Variable names, units and input equations used in the Housing model are provided in Table 30.  

Table 30 - Housing model input variables and equations. 

Variable name and unit Type  Equation Description 

1BdDEMAND 

(Households/Month) 

Auxiliary = (Proportion of Adult Couple Households+Proportion of Single Adult 

Households)*Proportion of new households in rental stress 

One-bedroom demand as a proportion of new 

households and composition.  

2BdDEMAND  

(Households/Month) 

Auxiliary = (Proportion of Parents with Dependant+Proportion of Single Parent 

with Depenant)*Proportion of new households in rental stress 

Two-bedroom demand as a proportion of new 

households and composition. 

3BdDEMAND  

(Households/Month) 

Auxiliary = (Proportion of Parents with 2 Dependants+Proportion of Single Parent 

with 2 Dependants)*Proportion of new households in rental stress 

Three-bedroom demand as a proportion of new 

households and composition. 

1bdDemandconversion 

(1/Month) 

Auxiliary = "1BdDEMAND"*UC3Households Conversion variable to equate households with 

apartments.  

2bdDemandconversion  

(1/Month) 

Auxiliary = "2BdDEMAND"*UC3Households 

3bdDemandconversion  

(1/Month) 

Auxiliary = "3BdDEMAND"*UC3Households 

1Bdratio  

(Dmnl) 

Auxiliary = (demandfactor1bd/(Aggregated apartment demand+1)) Demand control variable used to allocate funding 

with apartment demand of a given type. 

2Bdratio  

(Dmnl) 

Auxiliary = (demandfactor2bd/(Aggregated apartment demand+1)) 

3Bdratio 

(Dmnl) 

Auxiliary = (demandfactor3bd/(Aggregated apartment demand+1)) 

Active 1BD 1person 

apartment  

(apartment) 

Auxiliary = (Percentage of single adult households/(Percentage of adult couple 

households+Percentage of single adult households))*Apartments 1Bd 

Active 

The number of ‘active’ apartments linked with 

occupancy. Energy, water and gas consumption is 

influenced by occupancy; therefore, these 

variables inform outputs to the Operational utility 

cost model. 
Active 1BD 2person 

apartment  

(apartment) 

Auxiliary = (Percentage of adult couple households/(Percentage of adult couple 

households+Percentage of single adult households))*Apartments 1Bd 

Active 
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Variable name and unit Type  Equation Description 

Active 2BD 2person 

apartment  

(apartment) 

Auxiliary = (Percentage of single parents with dependant/(Percentage of parents 

with dependant+Percentage of single parents with 

dependant))*Apartments 2Bd Active 

The number of ‘active’ apartments linked with 

occupancy. Energy, water and gas consumption is 

influenced by occupancy; therefore, these 

variables inform outputs to the Operational utility 

cost model. 
Active 2BD 3person 

apartment  

(apartment) 

Auxiliary = (Percentage of parents with dependant/(Percentage of parents with 

dependant+Percentage of single parents with dependant))*Apartments 

2Bd Active 

Active 3BD 3person 

apartment  

(apartment) 

Auxiliary = (Percentage of single parent with 2 dependants/(Percentage of parents 

with 2 dependants+Percentage of single parent with 2 

dependants))*Apartments 3Bd Active 

Active 3BD 4person 

apartment  

(apartment) 

Auxiliary = (Percentage of parents with 2 dependants/(Percentage of parents with 2 

dependants+Percentage of single parent with 2 dependants))*Apartments 

3Bd Active 

Active One person 

households  

(apartment) 

Auxiliary = Total Apartments Active 0*Percentage of single adult households Active occupancy of households. These variables 

are used in both the housing model and 

operational utility model. Household occupancy 

has a significant impact on utility consumption of 

apartments.  
Active Two person 

households 

(apartment) 

Auxiliary = (Total Apartments Active 0*Percentage of adult couple 

households)+(Total Apartments Active 0*Percentage of single parents 

with dependant) 

Active Three person 

households  

(apartment) 

Auxiliary = (Total Apartments Active 0*Percentage of parents with 

dependant)+(Total Apartments Active 0*Percentage of single parent 

with 2 dependants) 

Active Four person 

households 

(apartment) 

Auxiliary = (Total Apartments Active 0*Percentage of parents with 2 dependants) 

Adjusted construction 

capacity  

(apartment/Month) 

 

Auxiliary = INTEGER( IF THEN ELSE (Construction capacity>=0, Construction 

capacity , 0 )) 

Market dynamics variable to take into 

consideration regional construction capacity and 

the implications of construction demand in 

increasing this capacity. Also associated with the 

‘Adjusted planning capacity’ module.  
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Variable name and unit Type  Equation Description 

Adjusted planning capacity 

(apartment/Month) 

Auxiliary = INTEGER( IF THEN ELSE(Planning capacity>=0, Planning capacity , 

0 )) 

Market dynamics variable to take into 

consideration regional planning capacity and the 

implications of planning demand.  

Aggregated apartment 

demand  

(apartment) 

Auxiliary = demandfactor1bd+demandfactor2bd+demandfactor3bd Aggregated apartment demand at a given time 

step. This variable has implications on finance 

(project costing/needs) and development mix 

composition.  

Apartments 1Bd Active 

(apartment) 

Stock = ∫ completing1-Apartments 1Bd exiting scheme dt + 0.0 Stock of active 1-bedroom apartments in the 

scheme. 

Apartments 1Bd exiting 

scheme  

(apartment/Month) 

Flow = DELAY FIXED (completing1, average apartment life in scheme, 

completing1) 

Flow of apartments that exit the scheme after 10-

years of the date of first occupancy. 

Apartments 1Bd In 

Construction  

(apartment) 

Stock = ∫ building1-completing1 dt + building1*time to build apartments Stock of apartments in the construction stage. 

Apartments 2Bd Active 

(apartment) 

Stock = ∫ completing2-Apartments 2Bd exiting scheme dt + 0.0 Stock of active 2-bedroom apartments in the 

scheme. 

Apartments 2Bd exiting 

scheme 

(apartment/Month) 

Flow = DELAY FIXED (completing2, average apartment life in scheme, 

completing2) 

Flow of apartments that exit the scheme after 10-

years of the date of first occupancy. 

Variable name and unit Type  Equation Description 

Apartments 2Bd In 

Construction  

(apartment) 

Stock = ∫ building2-completing2 dt + building2*time to build apartments Stock of apartments in the construction stage. 

Apartments 3Bd Active  

(apartment) 

Stock = ∫ completing3-Apartments 3Bd exiting scheme dt + 0.0 Stock of active 3-bedroom apartments in the 

scheme. 

Apartments 3Bd exiting 

scheme  

(apartment/Month) 

Flow = DELAY FIXED (completing3, average apartment life in scheme, 

completing3) 

Flow of apartments that exit the scheme after 10-

years of the date of first occupancy. 
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Variable name and unit Type  Equation Description 

Apartments 3Bd In 

Construction  

(apartment) 

Stock = ∫ building3-completing3 dt + building3*time to build apartments Stock of apartments in the construction stage. 

Apartments built 1Bd  

(apartment) 

Stock = ∫ completing1 dt + 0.0 Total number of 1-bedroom apartments built. 

Apartments built 2Bd 

(apartment) 

Stock = ∫ completing2 dt + 0.0 Total number of 2-bedroom apartments built. 

Apartments built 3Bd  

(apartment) 

Stock = ∫ completing3 dt + 0.0 Total number of 3-bedroom apartments built. 

average cost per m2 

($/m2) 

Auxiliary = IF THEN ELSE("GREEN BUILDING SWITCH 0=BAU 1=GB"=1, 

baseline construction cost per m2*(1+green premium on construction 

cost), baseline construction cost per m2) 

Cost per m2. 

Average development cost  

($/development) 

Auxiliary = ((desired project finance capacity)*UC9)/((Developments required+1e-

006)*UC8) 

Average development cost. 

building1 

(apartment/Month) 

Flow = DELAY MATERIAL (planning1, time to plan to build, planning1, 0) Flow of apartments which progress from planning 

stages to construction. This variable is regulated 

by a time delay function to represent delays 

between the planning and construction process. 
building2 

(apartment/Month) 

Flow = DELAY MATERIAL (planning2, time to plan to build, planning2, 0) 

building3 

(apartment/Month) 

Flow = DELAY MATERIAL (planning3, time to plan to build, planning3, 0)  

completing1 

(apartment/Month) 

Flow = DELAY MATERIAL (building1, time to build apartments, building1, 

0) 

Flow of apartments progressing from the 

construction stage to ‘active’ apartments which 

are available for tenancy. The variable is subject 

to a delay function to represent the typical time to 

construct a development. 

completing2 

(apartment/Month) 

Flow = DELAY MATERIAL (building2, time to build apartments, building2, 

0) 

completing3 

(apartment/Month) 

Flow = DELAY MATERIAL (building3, time to build apartments, building3, 

0) 

DeclineHh1Bd 

(apartment/Month) 

Flow = -building1 Reduction in demand for 1,2 and 3-bedroom 

apartments as apartments progress to construction 

stages. 
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Variable name and unit Type  Equation Description 

DeclineHh2Bd 

(apartment/Month) 

Flow = -building2 Reduction in demand for 1,2 and 3-bedroom 

apartments as apartments progress to construction 

stages. DeclineHh3Bd 

(apartment/Month) 

Flow = -building3 

Decrease in households 

(Households/Month) 

Flow = SEQ Total Households*(Rate of natural decrease/time annual 

multiplier)*UC1 

Decrease in the number of households in SEQ. 

demandfactor1bd 

(apartment) 

Auxiliary  = IF THEN ELSE(Df1BrAp>0, Df1BrAp , 0 ) Demand control variables used to allocate 

funding linked apartment demand of a given type. 

For example: If there is demand for a specific 

apartment type to allocate an appropriate 

development mix. If there is no demand for one 

type of apartment, batch the development with 

other apartment types that are in demand). 

demandfactor2bd 

(apartment) 

Auxiliary = IF THEN ELSE(Df2BrAp>1, Df2BrAp , 0 ) 

demandfactor3bd 

(apartment) 

Auxiliary = IF THEN ELSE(Df3BrAp>0, Df3BrAp , 0 ) 

Df1BrAp  

(apartment) 

Stock = ∫ HHIn 1Bd-(DeclineHh1Bd*(-1.0)) dt + Initial 1 Bedroom apartment 

need 

Stock of the demand for 1-bedroom apartments.  

Df2BrAp  

(apartment) 

Stock = ∫ HHIn 2Bd-(DeclineHh2Bd*(-1.0)) dt + Initial 2 Bedroom apartment 

need 

Stock of the demand for 2-bedroom apartments. 

Df3BrAp  

(apartment) 

Stock = ∫ HHIn 3Bd-(DeclineHh3Bd*(-1.0)) dt + Initial 3 Bedroom apartment 

need 

Stock of the demand for 3-bedroom apartments. 

gap in 1BD apartments 

(apartment) 

Auxiliary = INTEGER(Df1BrAp) Gap in apartments (difference between apartment 

demand and supply).  

gap in 2BD apartments 

(apartment) 

Auxiliary = INTEGER(Df2BrAp) 

gap in 3BD apartments 

(apartment) 

Auxiliary = INTEGER(Df3BrAp) 

HHIn 1Bd  

(apartment/Month) 

Flow = (("1bdDemandconversion"/time annual multiplier)*UC4+Recurring 

demand 1bd) 

 

 

Flow of increasing housing demand. The variable 

is part of a sequential series of variables which 

converts regional demographics into apartment 

demand. (see also Df1BrAp, Df2BrAp, 

Df3BrAp). 
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Variable name and unit Type  Equation Description 

HHIn 2Bd 

(apartment/Month) 

Flow = ("2bdDemandconversion"/time annual multiplier)*UC4+Recurring 

demand 2bd 

Flow of increasing housing demand. The variable 

is part of a sequential series of variables which 

converts regional demographics into apartment 

demand. (see also Df1BrAp, Df2BrAp, 

Df3BrAp). 

HHIn 3Bd 

(apartment/Month) 

Flow = ("3bdDemandconversion"/time annual multiplier)*UC4+Recurring 

demand 3bd 

Increase in households 

(Households/Month) 

Flow = SEQ Total Households*(Rate of increase/time annual multiplier)*UC1 Regional demography factor to consider the 

increase in households in SEQ.  

Net affordable housing need 

(apartment) 

Auxiliary = gap in 1BD apartments+gap in 2BD apartments+gap in 3BD 

apartments 

Net affordable housing need considering all 

apartment types. 

Planned 1Bd Apartment 

(apartment) 

Stock = ∫ planning1-building1 dt + planning1*time to plan to build Stock of apartments in the planning stage. Inflows 

are subject to meeting funding, demand and 

capacity requirements. Outflows are subject to 

construction capacity in the market. 
Planned 2Bd Apartment 

(apartment) 

 

Stock = ∫ planning2-building2 dt + planning2*time to plan to build 

Planned 3Bd Apartment 

(apartment) 

Stock = ∫ planning3-building3 dt + planning3*time to plan to build 

planning1 

(apartment/Month) 

Flow = IF THEN ELSE(Developments 

required>0:AND:"1Bdratio">=0.001:AND:gap in 1BD 

apartments>=1,INTEGER(MIN(Adjusted planning capacity, 

MIN(Funded1BdAp, gap in 1BD apartments))), 0 ) 

Flow of apartments entering the planning stage. 

This is a control variable with conditional 

requirements on funding, demand and capacity. 

planning2 

(apartment/Month) 

Flow = IF THEN ELSE(Developments 

required>0:AND:"2Bdratio">=0.001:AND:gap in 2BD 

apartments>=1,INTEGER(MIN(Adjusted planning capacity, 

MIN(Funded2BdAp, gap in 2BD apartments))), 0 ) 

 

planning3 

(apartment/Month) 

 

Flow = IF THEN ELSE(Developments 

required>0:AND:"3Bdratio">=0.001:AND:gap in 3BD 

apartments>=1,INTEGER(MIN(Adjusted planning capacity, 

MIN(Funded3BdAp, gap in 3BD apartments))), 0 ) 
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Variable name and unit Type  Equation Description 

Proportion of Adult Couple 

Households 

(Households/Month) 

Auxiliary = Increase in households*Percentage of adult couple households Regional demography considerations.  

Proportion of Single Adult 

Households 

(Households/Month) 

Auxiliary = Increase in households*Percentage of single adult households 

Proportion of Single Parent 

with Dependant 

(Households/Month) 

Auxiliary = Increase in households*Percentage of single parents with dependant 

Recurring demand 1bd 

(apartment/Month) 

Auxiliary = Apartments 1Bd exiting scheme*(1-Average Households exit 

percentage) 

Recurring apartment demand for tenants residing 

in 1,2 and 3-bedroom apartments, after 10 years 

of tenancy. Recurring demand 2bd 

(apartment/Month) 

Auxiliary = Apartments 2Bd exiting scheme*(1-Average Households exit 

percentage) 

Recurring demand 3bd 

(apartment/Month) 

Auxiliary = Apartments 3Bd exiting scheme*(1-Average Households exit 

percentage) 

SEQ Total Households 

(Households) 

Stock = ∫ Increase in households-Decrease in households dt + Initial number of 

households 

Total households in SEQ. 

time annual multiplier 

(Dmnl) 

Constant = 12 Multiplier variable for conversions between 

annual and monthly units.  

Total Apartments Active 0 

(apartment) 

Auxiliary = Apartments 1Bd Active+Apartments 2Bd Active+Apartments 3Bd 

Active 

Output variable: Total number of active 

apartments in the scheme. Used to quantify 

number of active 1-4 person households for utility 

consumption considerations.  

Total Apartments built 

(apartment) 

Auxiliary = Apartments built 1Bd+Apartments built 2Bd+Apartments built 3Bd Output variable: Total number of apartments 

built. 

Total number of people 

receiving housing assistance 

(people) 

Auxiliary = (Active total One person households*OcImp 1p)+(Active Two person 

households*OcImp 2p)+(Active Three person households*OcImp 

3p)+(Active Four person households*OcImp 4p) 

Output variable: Total number of people receiving 

housing assistance. ‘OcImp’ refers to occupancy 

not previously specified. 
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B2.3  Market planning capacity module 

 

 

 

 

  

Figure 46 - Market planning capacity module. Figure 47 - Planning and construction capacity module. 

The market planning capacity module was designed to establish realistic market capacity limitations on planning and construction of developments. It is 

represented in the final stock and flow diagram as the ‘adjusted planning capacity’ variable. In the presence of adequate financing, it is anticipated that 

the market capacity will adjust to accommodate planning and construction demand. The rate of adjustment will depend on limitations on local labour, 

materials and land. In the presence of high housing demand and available funding, it is anticipated that the market capacity will increase in the short term, 

however, will return to a steady state in their absence over time. The key variables and input assumptions are outlined in Table 31. 
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Table 31 - Market planning capacity module variables and inputs. 

Key Variable Description Input Value and units Cluster Source 

Realistic limitation 
Market limitations on apartment delivery 

per month  

1000 apartments / 

month 

Housing supply 

factors 

Stakeholder consultations and 

historic data on regional 

housing completions. 

Time to increase planning 

capacity 

Time for the market to adjust to demand & 

supply conditions 
12 months 

Housing supply 

factors 
Stakeholder consultations. 

Baseline planning capacity 
The minimum planning capacity in the 

market.  
20 apartments / month 

Housing supply 

factors 

Stakeholder consultations and 

historic data on regional 

housing completions. 

Planning capacity duration 

New capacity is modelled to operate for a 

minimum period. Excess capacity will 

decrease after time. 

36 months 
Housing supply 

factors 
Stakeholder consultations 

 

Input variables for the planning capacity modules are discussed overleaf. 
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B2.4  Planning capacity module calculation input values 

Table 32 provides the variable names, descriptions, units and equations of the planning capacity module.  

Table 32 -Planning capacity module input variables and equations. 

Variable name and unit Type Equation Description 

desired planning capacity 

(apartment/Month) 

Flow = INTEGER( (desired production*UC1) ) The desired capacity for planning approvals. 

desired production 

(apartment) 

Auxiliary = total apartment demand The desired number of apartments (aggregated 

1,2 and 3 bedroom). 

pcap decreasing 

(apartment/Month) 

Flow = (Planning capacity/UC1)/planning capacity duration Planning capacity decreasing. 

pcap increasing 

(apartment/Month) 

Flow = pcapacity adjustment Planning capacity increasing. 

pcapacity adjustment 

(apartment/Month) 

Auxiliary = IF THEN ELSE(desired planning capacity>0, (MIN(realistic 

limitation,desired planning capacity)) , realistic limitation )/(time to 

increase planning capacity*UC1) 

Adjustment variable for planning capacity. 

Planning capacity 

(apartment/Month) 

Stock = ∫ IF THEN ELSE((desired planning capacity>1.0),((pcap 

increasing*UC1)-(pcap decreasing*UC1)),(0.0-(pcap decreasing*UC1))) 

dt + Baseline planning capacity 

Planning capacity with consideration to 

increasing and decreasing flows.  

total apartment demand 

(apartment) 

Auxiliary = gap in 1BD apartments+gap in 2BD apartments+gap in 3BD 

apartments  

Total apartment demand or gap to meet housing 

need. 
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B2. Finance model 

Table 33 outlines the key variables used in the Finance model, including input values, assumptions and sources for each variable. 

B2.1  Finance model variables and inputs 

Table 33 - Finance model variables and inputs. 

Key Variable Description 
Input Value and 

units 
Cluster Source 

Average development size 
Average number of apartments in a typical development 

proposal. 
60 apartments Development cost factors 

Stakeholder 

consultations. 

Average floor area 1bd Average floor area for a 1-bedroom apartment. 60 m2 Development cost factors 
Stakeholder 

consultations. 

Average floor area 2bd Average floor area for a 2-bedroom apartment. 80 m2 Development cost factors 
Stakeholder 

consultations. 

Average floor area 3bd Average floor area for a 3-bedroom apartment. 120 m2 Development cost factors 
Stakeholder 

consultations. 

Baseline construction cost 

per m2 

 

Baseline construction cost for a multi-residential building 

in the SEQ region (basic finish). 
1700 $/m2 Development cost factors 

(Rawlinsons, 

2020) 

Time to issue capital 

Administrative time delay to represent time required to 

accumulate and fund an appropriate mix of individual 

apartments into a stock of ‘fully funded development(s)’. 

Once a fully funded development has reached capacity, it 

will proceed to planning and construction.  

3 months Capital demand factors 
Stakeholder 

consultations. 

Administrative capacity 

for developments 

Administrative capacity to set realistic boundaries on 

project delivery on a monthly basis. This variable does not 

come into effect for the regional SEQ model, however, 

are useful for scenarios where higher funding capacities 

are present. 

10 developments per 

month. 
Capital demand factors 

Stakeholder 

consultations. 
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Key Variable Description 
Input Value and 

units 
Cluster Source 

Green premium on 

construction cost  

A 4 Green Star Multi-residential certification is applied 

under the GB-AHBA scheme. A percentage premium on 

the baseline construction cost per m2 is applied to 

simulate this policy condition.  

 

A 2016 Green Star study was used which assessed the 

total certification costs for 30 Green Star Certified 

Projects around Australia. Green Star Certification costs 

were aggregated to include: the cost of documenting the 

rating system credits and compiling the submission, the 

certification fee, and the ‘implementation cost’- which 

included those costs for materials and installation which 

were directly tied with the criteria for each credit applied 

for. Local green star cost premiums were assessed with 

comparable studies which investigated cost premiums for 

international green building rating systems, including 

LEED. The AHBA modelling applied the median case 

scenario (2.75%). 

Low case = 1.5% 

Median case = 2.75% 

High case = 4% 

Development cost factors 

(Bradshaw et al., 

2009; Dwaikat 

& Ali, 2016; 

GBCA, 2016) 

Bond issuance value 

Total value of federal affordable housing bonds issued by 

NHFIC. We assume these funds are issued at $250m per 

year increments, in line with NHFICs legislated annual 

investment targets. It is assumed this investment will be 

rolled over beyond the announcement period. 

$250m in issuances 

per year. 
Capital supply factors (NHFIC, 2019) 

Average Bond maturity 
Average maturity of affordable housing bond issuances 

used for the simulation. 
120 months Capital supply factors 

(NHFIC, 2019) 

& Stakeholder 

consultations 

Interest margin on loans 

This variable represents the margin on loans facilitated by 

the bond issuance. Combined with the bond coupon rate, a 

2.07% interest only loan is paid by the community 

housing provider. The interest margin is assumed to be 

paid back into the revolving loan function. The bond 

coupon rate is applied to service bond interest payments 

to investors and therefore not reinvested into the scheme.  

0.18% Capital supply factors 

Stakeholder 

consultations. 

Author 

assumptions.  
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Key Variable Description 
Input Value and 

units 
Cluster Source 

Bond coupon rate 

The bond coupon rate represents the governments cost of 

funds. It is the interest rate payable to bond investors. An 

assumption on the base coupon rate includes a rate 

considering the Bank bill swap rate (BBSW) + a risk 

margin. NHFC bonds benefit from a AAA government 

guarantee on bonds issued. They are social bond rated.  

The base coupon rate has been developed on the 

following assumptions: 

BBSW of 0.89% + 1% risk margin 

1.89 %/year Capital supply factors 
(ASX; NHFIC, 

2019) 

Greenium discount to 

coupon rate 

The savings derived from a federal green bond. This 

discount is assumed to be represented in a lower federal 

housing bond coupon rate. 

0.09% Capital supply factors 

Systematic 

literature review. 

(MacAskill et 

al., 2020) 

Ratio of funds to SEQ 

The proportion of the total bond issuance to be allocated 

to the SEQ housing market. An assumption has been 

made based on the total relative population density of 

SEQ compared to the total QLD population. 

20% Capital supply factors 

Stakeholder 

consultations. 

Author 

assumptions. 

Average loan duration 

The principle loan amount is to be paid by the CHP at the 

end of this period. The balance is modelled to pay off the 

principle bond issuance, which has reached maturity. 

120 months Capital supply factors (NHFIC, 2019) 
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B2.2  Finance model calculation input values 

Variable names, units and input equations used in the finance model are provided in Table 34.  

Table 34 - Finance model input variables and equations. 

Variable name and unit Type Equation Description 

decreasingfund1  

(apartment/Month) 

Flow  = IF THEN ELSE( Funded1BdAp>0 , planning1 , 0 ) Reduction in the stock of funded apartments of a 

given type (1,2 and 3-bedroom). 

decreasingfund2  

(apartment/Month) 

Flow = IF THEN ELSE( Funded2BdAp>0 , planning2 , 0 ) 

decreasingfund3  

(apartment/Month) 

Flow = IF THEN ELSE( Funded3BdAp>0 , planning3 , 0 ) 

Available Funds for SEQ 

Projects 

($) 

Stock = ∫ New funds to SEQ-AH Loans dt + New funds to SEQ  Stock of available funds for SEQ projects. This 

variable considers the current balance, at a given 

timestep, available for loans in SEQ. 

desired project finance 

capacity 

($) 

Auxiliary = totalfloorareareq*average cost per m2  Development project finance total as a function of 

the composition (i.e. 1,2,3 bedroom apartment 

mix). 

Developments required  

(apartment/development) 

Auxiliary = INTEGER( ((Aggregated apartment demand/Average development 

size) )*"UC7-bundle") 

This variable provides an indication on the 

number of developments required, based on the 

apartment demand output of the housing model.  

Funded developments 

(development) 

Stock = ∫ Funding allocation to projects-projects ready for planning dt + 0.0 Number of developments which have secured the 

required amount of funding, are in demand, and 

awaiting to progress to the construction stage 

(planning). 

Funded1BdAp 

(apartment) 

Stock = ∫ INTEGER((increasingfund1-decreasingfund1)) dt + 0.0 Number of 1,2 and 3-bedroom apartments that are 

both required and funded. 

Funded2BdAp 

(apartment) 

Stock = ∫ INTEGER((increasingfund2-decreasingfund2)) dt + 0.0 

Funded3BdAp 

(apartment) 

Stock = ∫ INTEGER((increasingfund3-decreasingfund3)) dt + 0.0 
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Variable name and unit Type Equation Description 

Funding allocation to 

projects 

($/Month) 

Flow = IF THEN ELSE(Developments required>1, (Available Funds for SEQ 

Projects/Average development cost)/(time to issue capital) , 0 ) 

Control variable to regulate housing demand with 

funding allocation to projects. 

Funding gap or surplus  

($) 

Auxiliary = (Available Funds for SEQ Projects-desired project finance capacity) Variable to determine the funding surplus or 

shortfall.  

Fundingfactor1BdAp 

(apartment) 

Auxiliary = projects ready for planning*Average development size*"1Bdratio" Proportion of total funds invested in 1,2 and 3-

bedroom apartments.  

Fundingfactor2BdAp 

(apartment) 

Auxiliary = projects ready for planning*Average development size*"2Bdratio" 

Fundingfactor3BdAp 

(apartment) 

Auxiliary = projects ready for planning*Average development size*"3Bdratio" 

GREEN BOND SWITCH 

1=YES 0=NO (Dmnl ) 

Constant = YES 0=NO"=1 Green bond switch to be active or not. This 

variable is used for scenario testing.   

GREEN BUILDING 

SWITCH 0=BAU 1=GB 

(Dmnl ) 

Constant = BAU 1=GB"=1 Business as Usual versus Green Building scenario 

switch. 

increasingfund1 

(apartment/Month) 

Flow = MAX( fundingfactor1BdAp , 0 ) Increase in the stock of funded apartments of a 

given type (1,2 and 3-bedroom). 

Increasingfund2 

(apartment/Month) 

Flow = MAX( fundingfactor2BdAp , 0 ) 

Increasingfund3 

(apartment/Month) 

Flow = MAX( fundingfactor3BdAp , 0 ) 

projects ready for planning 

(developments/Month) 

Flow = INTEGER( MIN( Fully funded projects , administrative capacity for 

developments ) ) 

 Projects fully funded and proceeding to planning. 

Total funded projects 

(developments) 

Stock = ∫ projects ready for planning dt + projects ready for planning Output stock to calculate the cumulative number 

of total funded projects.  

Totalfloorareareq 

(m2) 

Auxiliary = ((Developments required*Average development 

size*"1Bdratio")*average floor area 1bd)+((Developments 

required*Average development size*"2Bdratio")*average floor area 

2bd)+((Developments required*Average development 

size*"3Bdratio")*average floor area 3bd) 

Total floor area required across all 1,2- and 3-

bedroom apartments.  
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B3. Operational utility model 

B3.1  Operational utility model variables and inputs 

Table 35 outlines the key variables used in the operational utility model, including input values, assumptions and sources for each variable. 

Table 35 -Operational utility model variables and inputs. 

Key Variable Description 
Input Value 

and units 
Cluster Source 

Initial cost of electricity  
Cost of electricity per kWh for consumption related charges. Fixed 

charges are excluded from this study. 
0.256 $/kWh Utility cost factors (AER, 2020) 

Annual electricity cost 

escalation rate 
Forecasted energy cost escalation rate per year. 2.3 %/year Utility cost factors 

(AEMC, 2015; 

AER, 2015, 2020) 

Energycons 1BD 1P GB Energy consumption forecast for a green building scenario for 

each apartment type and occupancy. 

The study benefited from an Australian study of 428 Green Star 

certified buildings, which documented typical utility consumption 

patterns over time. Many of the buildings in the sample include 

natural gas fueled co-generation or tri-generation systems. Hence, 

in some cases, annual natural gas consumption increased at the 

benefit of a reduction in electricity demand. These differences 

have been documented accordingly in this study. On average, 

green residential buildings were found to consume 40% less 

energy, at the expense of a 14% increase to gas consumption. 

1257 kWh/year 

Utility consumption 

factors 

(GBCA, 2013) and 

Stakeholder 

review. 

Energycons 1BD 2P GB 1594 kWh/year 

Energycons 2BD 2P GB 1594 kWh/year 

Energycons 2BD 3P GB 2158 kWh/year 

Energycons 3BD 3P GB 2158 kWh/year 

Energycons 3BD 4P GB 3048 kWh/year 

Energycons 1BD 1P 

BAU 
Average ‘business as usual’ electricity consumption of Queensland 

households. Electricity consumption has been separated by 

occupancy and apartment size. 

2095 kWh/year 

Utility consumption 

factors 
(AER, 2015, 2020) 

Energycons 1BD 2P 

BAU 
3985 kWh/year 

Energycons 2BD 2P 

BAU 
3985 kWh/year 
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Key Variable Description 
Input Value 

and units 
Cluster Source 

Energycons 2BD 3P 

BAU 
Average ‘business as usual’ electricity consumption of Queensland 

households. Electricity consumption has been separated by 

occupancy and apartment size. 

5396 kWh/year 

Utility consumption 

factors 
(AER, 2015, 2020) 

Energycons 3BD 3P 

BAU 
5396 kWh/year 

Energycons 3BD 4P 

BAU 
7620 kWh/year 

Initial cost of water 

Residential cost of water per kL. 

Water billing in SEQ consists of a mixture of fixed and 

consumption related charges (including sewerage charges). 

Consideration has been made for these associated consumption 

charges, which have been added to the base ‘bulk water price’ for 

the SEQ region.   

4.10 $/kL Utility cost factors 

(Government, 

2020; QCA, 2018) 

Stakeholder 

consultation. 

Annual water cost 

escalation rate 
Forecasted water cost escalation rate per year. 3 %/year Utility cost factors 

(Government, 

2020; QCA, 2018) 

Stakeholder 

consultation. 

Watercons 1BD 1P GB Water consumption forecast for a green building scenario for each 

apartment type and occupancy. 

Typical indoor water appliances were divided into six different 

categories including; showerheads, toilets, tap equipment, washing 

machines and dishwashers. The minimum ‘Water Efficiency 

Labelling and Standard’ (WELS), stipulated in the Queensland 

Development Code (QDC) ‘Mandatory Part’ (MP 4.1), which 

requires all new dwellings are required to meet a minimum 

standard of water appliances (QDC, 2011) was compared to the 

minimum WELS standards required to meet a 4-Green Star rating.  

A weighted average consumption pattern was calculated against 

each appliance to determine a net water saving between a GB and 

BAU scenario (for a detailed overview see  (MacAskill et al., 

2019)). The net estimated reduction of a GB scenario was 

approximately 26.7% reduction over BAU. 

47 kL/year 

Utility consumption 

factors 

(QDC, 2011) 

(GBCA, 2010) 

(Beal & Stewart, 

2011) (Gurung et 

al., 2014) 

Watercons 1BD 2P GB 77 kL/year 

Watercons 2BD 2P GB 77 kL/year 

Watercons 2BD 3P GB 109 kL/year 

Watercons 3BD 3P GB 109 kL/year 

Watercons 3BD 4P GB 131 kL/year 
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Key Variable Description 
Input Value 

and units 
Cluster Source 

Watercons 1BD 1P 

BAU 

Average water consumption of Queensland households. 

Data was applied to the ‘business as usual’ building scenario for 

each apartment type and occupancy. 

Data has been sourced from a study of the average water 

consumption patterns of 1241 Australian residential households. 

65 kL/year 

Utility consumption 

factors 

(Roberts, 2012) 

(Beal & Stewart, 

2011) 

(Gurung et al., 

2014) 

Watercons 1BD 2P 

BAU 
105 kL/year 

Watercons 2BD 2P 

BAU 
105 kL/year 

Watercons 2BD 3P 

BAU 
149 kL/year 

Watercons 3BD 3P 

BAU 
149 kL/year 

Watercons 3BD 4P 

BAU 
178 kL/year 

Initial cost of gas Residential cost of gas per MJ. 0.0325 $/MJ Utility cost factors (AER, 2020) 

Annual gas cost 

escalation rate 

Forecasted gas cost escalation rate per year. 

Based on historical price data. the average escalation of retail gas 

prices was approximately 3% in SEQ. As Australian LNG exports 

ramp up it is expected that the retail gas price for Queensland 

consumers will continue to increase (Swoboda, 2013).  

3% Utility cost factors 

(AEMC, 2015; 

AER, 2015, 2020; 

Swoboda, 2013) 

Stakeholder 

consultation.  

Gascons 1BD 1P GB 
Gas consumption forecast for a green building scenario for each 

apartment type and occupancy. 

The GB scenario is based on an 14% increase to the BAU 

consumption figures (assumptions described in the energy 

consumption description). 

785 MJ/year 

Utility consumption 

factors 

(AEMC, 2015; 

AER, 2015, 2020) 

Gascons 1BD 2P GB 2845 MJ/year 

Gascons 2BD 2P GB 2845 MJ/year 

Gascons 2BD 3P GB 2918 MJ/year 

Gascons 3BD 3P GB 2918 MJ/year 

Gascons 3BD 4P GB 4267 MJ/year 

Gascons 1BD 1P BAU 
Average gas consumption of Queensland households. 

Residential gas consumption figures for Queensland were derived 

via the ‘Energy Made Easy’ (EME) initiative of the AER. The 

‘Energy Made Easy’ initiative provides up to date estimated utility 

consumption and total cost data for specified area codes around 

Australia. 

689 MJ/year 

Utility consumption 

factors 

Gascons 1BD 2P BAU 2496 MJ/year 

Gascons 2BD 2P BAU 2496 MJ/year 

Gascons 2BD 3P BAU 2560 MJ/year 

Gascons 3BD 3P BAU 2560 MJ/year 

Gascons 3BD 4P BAU 3743 MJ/year 
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B3.2 Operational utility model calculation input values 

Variable names, units and input equations used in the Housing model are provided in Table 8.  

Table 36 - Operational utility model input variables and equations. 

Variable name and unit Type Equation Description 

Annual energy consumption 

(kWh/year) 

Flow = (Energy consumption 1BD+Energy consumption 2BD+Energy 

consumption 3BD) 

Annual utility consumption of apartments 

delivered. 

Annual gas consumption 

(MJ/year) 

Flow = (Gas consumption 1BD+Gas consumption 2BD+ Gas consumption 

3BD) 

Annual water consumption 

(kL/year) 

Flow = (Water consumption 1BD+Water consumption 2BD+Water 

consumption 3BD) 

Annual energy costs 

($/year) 

Flow = Net Annual Energy expenses 1BD+Net Annual Energy expenses 

3BD+Net Annual Energy expenses 2BD 

Total annual utility cost. 

Annual gas costs 

($/MJ) 

Flow = Net Annual Gas expenses 1BD+Net Annual Gas expenses 2BD+Net 

Annual Gas expenses 3BD 

Annual water costs 

($/kL) 

Flow = Net Annual Water expenses 1BD+Net Annual Water expenses 

2BD+Net Annual Water expenses 3BD 

Cost of Electricity 

($/kWh) 

Stock = ∫ Electricity cost increase-Electricity cost decrease dt + Initial cost of 

electricity 

Utility cost per unit at a given timestep. A stock 

variable is used to capture utility price increases 

and decreases over the simulation period.  Cost of Gas 

($/MJ) 

Stock = ∫ Gas cost increase-Gas cost decrease dt + Initial cost of gas 

Cost of Water 

($/kL) 

 

Stock = ∫ Water cost increase-Water cost decrease dt + Initial cost of water 

Electricity cost decrease 

($/Month) 

Flow = SMOOTH(IF THEN ELSE( Cost of Electricity>Realistic electricity 

price boundary , IF THEN ELSE( Time<60 , Cost of Electricity/time to 

adjust utility market price, Cost of Electricity*0.03 ) , 0 ), time to adjust 

utility market price )*UC1 

Smoothening effect to represent dynamics in 

energy prices. It is assumed there will be market 

intervention once the price hits a specified 

threshold. 
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Variable name and unit Type Equation Description 

Electricity cost increase 

($/Month) 

Flow = Cost of Electricity*(Annual Electricity cost escalation rate/time annual 

multiplier)*UC1 

Flow of incremental energy price increases over 

time.  

Energy consumption 1BD 

(kWh/year) 

Auxiliary = IF THEN ELSE("GREEN BUILDING SWITCH 0=BAU 

1=GB"=0,(Active 1BD 1person apartment*(Energycons 1BD 1P 

BAU))+(Active 1BD 2person apartment*(Energycons 1BD 2P BAU)) 

,(Active 1BD 1person apartment*(Energycons 1BD 1P GB))+(Active 

1BD 2person apartment*(Energycons 1BD 2P GB)) ) 

Output variable of the energy consumption of all 

1,2 and 3- bedroom apartments with consideration 

to respective occupancy mix. 

Energy consumption 2BD 

(kWh/year) 

Auxiliary = IF THEN ELSE("GREEN BUILDING SWITCH 0=BAU 1=GB"=0, 

(Active 2BD 2person apartment*Energycons 2BD 2P BAU)+(Active 

2BD 3person apartment*Energycons 2BD 3P BAU) , (Active 2BD 

2person apartment*Energycons 2BD 2P GB)+(Active 2BD 3person 

apartment*Energycons 2BD 3P GB) ) 

Energy consumption 3BD 

(kWh/year) 

Auxiliary = IF THEN ELSE("GREEN BUILDING SWITCH 0=BAU 1=GB"=0, 

(Active 3BD 3person apartment*Energycons 3BD 3P BAU)+(Active 

3BD 4person apartment*Energycons 3BD 4P BAU) , (Active 3BD 

3person apartment*Energycons 3BD 3P GB)+(Active 3BD 4person 

apartment*Energycons 3BD 4P GB) ) 

Gas consumption 1BD 

(MJ/year) 

Auxiliary = IF THEN ELSE("GREEN BUILDING SWITCH 0=BAU 1=GB"=0, 

(Active 1BD 1person apartment*Gascons 1BD 1P BAU)+(Active 1BD 

2person apartment*Gascons 1BD 2P BAU) , (Active 1BD 1person 

apartment*Gascons 1BD 1P GB)+(Active 1BD 2person 

apartment*Gascons 1BD 2P GB)) 

Output variable of the gas consumption of all 1,2 

and 3- bedroom apartments with consideration to 

respective occupancy mix. 

Gas consumption 2BD 

(MJ/year) 

Auxiliary = IF THEN ELSE("GREEN BUILDING SWITCH 0=BAU 1=GB"=0, 

(Active 2BD 2person apartment*Gascons 2BD 2P BAU)+(Active 2BD 

3person apartment*Gascons 2BD 3P BAU) , (Active 2BD 2person 

apartment*Gascons 2BD 2P GB)+(Active 2BD 3person 

apartment*Gascons 2BD 3P GB) ) 

Gas consumption 3BD 

(MJ/year) 

Auxiliary = IF THEN ELSE("GREEN BUILDING SWITCH 0=BAU 1=GB"=0, 

(Active 3BD 3person apartment*Gascons 3BD 3P BAU)+(Active 3BD 

4person apartment*Gascons 3BD 4P BAU) , (Active 3BD 3person 

apartment*Gascons 3BD 3P GB)+(Active 3BD 4person 

apartment*Gascons 3BD 4P GB) ) 
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Variable name and unit Type Equation Description 

Gas cost decrease 

($/Month) 

Flow = SMOOTH(IF THEN ELSE( Cost of Gas>Realistic gas price boundary 

, IF THEN ELSE( Time<60 , Cost of Gas/time to adjust utility market 

price, Cost of Gas*0.03 ) , 0 ), time to adjust utility market price )*UC1 

Smoothening effect to represent dynamics in gas 

prices. It is assumed there will be market 

intervention once the price hits a specified 

threshold. 

Gas cost increase 

($/Month) 

Flow = Cost of Gas*(Annual Gas cost escalation rate/time annual 

multiplier)*UC1 

Flow of incremental gas price increases over time. 

Net Annual Energy expenses 

1BD 

($/Month) 

Auxiliary = Energy consumption 1BD*Cost of Electricity Output variable to represent the cost of energy, 

based on consumption, of active 1,2 and 3-

bedroom apartments within the scheme.  

Net Annual Energy expenses 

2BD 

($/Month) 

Auxiliary = Energy consumption 2BD*Cost of Electricity 

Net Annual Energy expenses 

3BD 

($/Month) 

Auxiliary = Energy consumption 3BD*Cost of Electricity 

Net Annual Gas expenses 

1BD 

($/Month) 

Auxiliary = Gas consumption 1BD*Cost of Gas Output variable to represent the cost of gas, based 

on consumption, of active 1,2 and 3-bedroom 

apartments within the scheme. 

Net Annual Gas expenses 

2BD 

($/Month) 

Auxiliary = Gas consumption 2BD*Cost of Gas 

Net Annual Gas expenses 

3BD 

($/Month) 

Auxiliary = Gas consumption 3BD*Cost of Gas 

Net Annual Water expenses 

1BD 

($/Month) 

Auxiliary = Water consumption 1BD*Cost of Water Output variable to represent the cost of water, 

based on consumption, of active 1,2 and 3-

bedroom apartments within the scheme. 

Net Annual Water expenses 

2BD 

($/Month) 

Auxiliary = Water consumption 2BD*Cost of Water 
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Variable name and unit Type Equation Description 

Net Annual Water expenses 

3BD 

($/Month) 

Auxiliary = Water consumption 3BD*Cost of Water Output variable to represent the cost of water, 

based on consumption, of active 1,2 and 3-

bedroom apartments within the scheme. 

Net energy consumption for 

apartments delivered 

(kWh) 

Stock = ∫ Annual energy consumption dt + 0.0 Stock of net energy consumption for apartments 

delivered. 

Net energy cost for 

apartments delivered 

($) 

Stock = ∫ Annual energy costs dt + 0.0 Stock of energy costs for apartments delivered 

Net gas consumption for 

apartments delivered 

(MJ) 

Stock = ∫ Annual gas consumption dt + 0.0 Stock of net gas consumption for apartments 

delivered. 

Net gas cost for apartments 

delivered 

($) 

Stock = ∫ Annual gas costs dt + 0.0 Stock of gas costs for apartments delivered 

Net water consumption for 

apartments delivered 

(kL) 

Stock = ∫ Annual water consumption dt + 0.0 Stock of net water consumption for apartments 

delivered. 

Net water cost for 

apartments delivered 

($) 

Stock = ∫ Annual water costs dt + 0.0 Stock of water costs for apartments delivered. 

Water consumption 1BD 

(kL/year) 

Auxiliary = IF THEN ELSE("GREEN BUILDING SWITCH 0=BAU 1=GB"=0, 

(Active 1BD 1person apartment*Watercons 1BD 1P BAU)+(Active 

1BD 2person apartment*Watercons 1BD 2P BAU) , (Active 1BD 

1person apartment*Watercons 1BD 1P GB)+(Active 1BD 2person 

apartment*Watercons 1BD 2P GB) ) 

Output variable of the water consumption of all 

1,2 and 3- bedroom apartments with consideration 

to respective occupancy mix. 

Water consumption 2BD 

(kL/year) 

Auxiliary = IF THEN ELSE("GREEN BUILDING SWITCH 0=BAU 1=GB"=0, 

(Active 2BD 2person apartment*Watercons 2BD 2P BAU)+(Active 

2BD 3person apartment*Watercons 2BD 3P BAU) , (Active 2BD 

2person apartment*Watercons 2BD 2P GB)+(Active 2BD 3person 

apartment*Watercons 2BD 3P GB) ) 
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Variable name and unit Type Equation Description 

Water consumption 3BD 

(kL/year) 

Auxiliary = IF THEN ELSE("GREEN BUILDING SWITCH 0=BAU 1=GB"=0, 

(Active 3BD 3person apartment*Watercons 3BD 3P BAU)+(Active 

3BD 4person apartment*Watercons 3BD 4P BAU) , (Active 3BD 

3person apartment*Watercons 3BD 3P GB)+(Active 3BD 4person 

apartment*Watercons 3BD 4P GB) ) 

Output variable of the water consumption of all 

1,2 and 3- bedroom apartments with consideration 

to respective occupancy mix. 

Water cost decrease 

($/Month) 

Flow = SMOOTH(IF THEN ELSE( Cost of Water>Realistic water price 

boundary , IF THEN ELSE( Time<60 ,Cost of Water/time to adjust 

utility market price, Cost of Water*0.03 ) , 0 ), time to adjust utility 

market price )*UC1 

Smoothening effect to represent dynamics in 

water prices. It is assumed there will be market 

intervention once the price hits a specified 

threshold. 

Water cost increase 

($/Month) 

Flow = Cost of Water*(Annual Water cost escalation rate/time annual 

multiplier)*UC1 

Flow of incremental water price increases over 

time. 

Net utility costs for active 

apartments in the scheme 

($) 

Auxiliary = Net Annual Energy expenses 1BD+Net Annual Energy expenses 

2BD+Net Annual Energy expenses 3BD+Net Annual Gas expenses 

1BD+Net Annual Gas expenses 2BD+Net Annual Gas expenses 

3BD+Net Annual Water expenses 1BD+Net Annual Water expenses 

2BD+Net Annual Water expenses 3BD 

 

Output variable for the total utility costs for 

energy, water and gas for all apartments delivered 

within the scheme.  

Net utility costs for 

apartments delivered 

($) 

Auxiliary = Net energy cost for apartments delivered+Net gas cost for apartments 

delivered+Net water cost for apartments delivered 

Output variable for cumulative utility costs for 

energy, water and gas for all apartments 

constructed. 
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B4. Model simulation results  

B4.1  Total apartments delivered 

Table 37 - Total apartments delivered in the BAU and GB scenarios. 

Time (Year) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

BAU Scenario total apartments delivered 

BAU_1BD 0 0 178 427 675 923 1170 1417 1664 1875 2121 2367 2615 2864 3113 3361 3609 3856 4103 4350 4561 

BAU_2BD 0 0 104 252 399 546 693 840 987 1113 1260 1407 1554 1701 1848 1995 2142 2289 2436 2583 2709 

BAU_3BD 0 0 19 46 74 101 128 156 183 206 234 261 288 315 343 370 397 425 452 479 503 

GB Scenario total apartments delivered 

GB_1BD 0 0 178 425 636 884 1133 1380 1591 1839 2088 2336 2583 2794 3042 3291 3538 3749 3995 4243 4492 

GB_2BD 0 0 104 252 378 525 672 819 945 1092 1239 1386 1533 1659 1806 1953 2100 2226 2373 2520 2667 

GB_3BD 0 0 19 46 70 97 124 152 175 202 230 257 284 308 335 362 390 413 440 468 495 

B4.2  Active housing outcomes apartment type 

Table 38 - Active apartments by type in the BAU and GB scenarios. 

Time (Year) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

BAU Scenario total apartments delivered 

BAU_1BD 0 0 178 427 675 923 1170 1417 1664 1875 2121 2367 2437 2437 2438 2438 2439 2439 2439 2475 2440 

BAU_2BD 0 0 104 252 399 546 693 840 987 1113 1260 1407 1450 1449 1449 1449 1449 1449 1449 1470 1449 

BAU_3BD 0 0 19 46 74 101 128 156 183 206 234 261 269 269 269 269 269 269 269 273 269 

GB Scenario total apartments delivered 

GB_1BD 0 0 178 425 636 884 1133 1380 1591 1839 2088 2336 2405 2369 2406 2407 2405 2369 2404 2404 2404 

GB_2BD 0 0 104 252 378 525 672 819 945 1092 1239 1386 1429 1407 1428 1428 1428 1407 1428 1428 1428 

GB_3BD 0 0 19 46 70 97 124 152 175 202 230 257 265 262 265 265 266 261 265 266 265 

 



Appendix B 

206 

 

 

B4.3 Active housing outcomes by apartment type – BAU-AHBA vs GB-AHBA 

Table 39 - Percentage difference in active apartments between the BAU and GB scenarios. 

 Time (years) 

Apartment 

type 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

1BD 

Apartments 

0 0 0 0.5% 5.9% 4.3% 3.2% 2.6

% 

4.5% 1.9

% 

1.6% 1.3% 1.3% 2.8% 1.3% 1.3% 1.4% 2.9% 1.4% 2.9% 1.5% 

2BD 

Apartments 

0 0 0 0 5.4% 3.9% 3.1% 2.5

% 

4.3% 1.9

% 

1.7% 1.5% 1.5% 2.9% 1.5% 1.5% 1.5% 2.9% 1.5% 2.9% 1.5% 

3BD 

Apartments 

0 0 0 0 5.6% 4.0% 3.2% 2.6

% 

4.5% 2.0

% 

1.7% 1.5% 1.5% 2.6% 1.5% 1.5% 1.1% 3.0% 1.5% 2.6% 1.5% 

Average 
0 0 0 0.2% 5.6% 4.1% 3.2% 2.6

% 

4.4% 1.9

% 

1.7% 1.5% 1.4% 2.8% 1.4% 1.4% 1.3% 3.0% 1.5% 2.8% 1.5% 
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