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Abstract

Purpose — Adaptive reuse of heritage stock several advantages: retention of culturally and
socially significant buildings, as well as the opportunity to consider embodied energy, energy
efficiency retrofit measures and other environmental upgrades. This paper identifies the
technical issues faced in the adaptive reuse of Australian heritage listed city halls and
discusses sustainable strategies to enable further adaptations to be more energy efficient.

Design/methodology/approach — Adaptive reuse of a heritage building provides an
opportunity to retain embodied energy, improve energy efficiency and enhance durability,
which are important aspects of the technical lifecycle of a building. Using a case study
methodology and a qualitative approach, this paper evaluates adaptations and the technical
isues faced in three heritage city halls in Queensland, Australia.

Findings — The analysis shows that enhancing energy efficiency enables heritage buildings to
reduce their climate change impacts. However, the installation of equipment for energy
efficiency can pose technical issues for heritage buildings. The ownership of heritage building
and interest of the local community affects the solutions that are viable. Solutions and further
sustainable strategies are proposed through analysis of case studies.

Originality/value - City halls globally adopt different and varied architectural designs,
features, and scales. They are often heritage listed and locally significant landmarks that have
undergone various adaptations; however, they have been overlooked in much adaptive reuse
research, particularly in Australia. City halls differ from other heritage buildings in their
collective sense of ownership which is important in regard to proposed changes, as citizens
have an interest and hold opinions which may affect measures adopted. This paper contributes
to the body of knowledge related to energy efficient technical adaptive reuse of city halls.

Keywords - heritage city halls, adaptation, adaptive reuse, climate change, technical issues,
energy efficiency

Paper type — Case study

Introduction

“Heritage conservation contributes to creating a sustainable built environment
and resilient communities”

(MTBA, 2016)

A sustainable built environment and resilient communities are essential to the continuing well-
being of humankind and the liveability of the planet. Climate change plays an important role
in environmental degradation and needs to be mitigated to reduce its negative effects on the
natural and built environment. Collectively, buildings are responsible for the largest
consumption of energy in use and construction through embodied energy and greenhouse gas
emissions, and are a source of environmental waste (Kelly, 2009). Whilst we can influence
environmental attributes in new building stock through energy efficiency in regulations, new
construction consumes high levels of energy and with only 1% typically added each year to
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the total stock of buildings, it follows we should look at the potential to retrofit or adapt
existing buildings in order to make them more energy efficient and take the opportunity to
retain their embodied energy (Kelly, 2009). Enhancing and upgrading the performance of
exisiing buildings is significant in mitigating climate change (MTBA, 2016).

Adaptive reuse has been defined by many authors, all of whom agree that the practice involves
a spectrum of changes from maintaining the building due to its values to changing the overall
function of a building for other uses (YYazdani Mehr et al., 2016). Adaptive reuse is seen as a
strategy to achieve environmental sustainability and reduce energy consumption (van der Flier
& Thomsen, 2006). Adaptive reuse can decrease energy use, greenhouse gas and carbon
emissions through embodied energy retention, thus contributing to sustainability practice
(Conejos, 2013). Further, reusing building materials can retain up to 95% of embodied energy
(Binder, 2003). Technical adaptation of heritage buildings is an important means of achieving
sustainability and energy efficiency; however, some heritage buildings seem inflexible in
terms of technical innovation and upgrade, and generate technical challenges (Bullen & Love,
2011). This paper identifies and evaluates technical challenges in the energy efficient adaptive
reuse of three Australian heritage listed city halls. The questions addressed are, what are the
technical issues faced in adaptive reuse/adaptation and secondly, what other sustainability
measures could be adopted?

Importance of City Halls

City halls have changed as a result of the growth of cities, towns, municipalities, and shires.
Regardless of architectural style, size and location, these buildings share one aspect, which is
the building is, or was, the seat of political power, symbolising initial settlement and
establishment of local governance in an area (Chattopadhyay & White, 2014). City halls serve
local government and the community, thus possessing distinctive psycho-social features
through their strong associative memories among the community.

In Australia, city halls are common features in the built heritage environment. The function
and usability of city/town halls have changed due to population growth and changes to local
government boundaries. Under these circumstances, adaptive reuse and adaptation are
important strategies to keep these buildings viable (Wills, 2011). However, there is little
empirical research on the physical and technical attributes of city halls and the potential for
adaptation to enhance sustainability by reducing energy consumption and greenhouse gas
emissions. With heritage listing, further restrictions apply in terms of interventions that are
permissible and this paper focuses on technical adaptation of Australian city halls.

Technical adaptation of heritage buildings

Technical lifespan is an important indicator of a building’s age and its continuous lifecycle.
The technical lifecycle is a period of time in which a building can not only meet the required
physical and technical needs of the users, but also provide and protect health and safety of the
occupants. With technical obsolescence, a building may lose its value and usability, and; is
likely to become partially or fully vacant (Wilkinson et al., 2014). Technical obsolescence and
the additional operational costs associated with poor energy efficiency can make retention
unappealing, thus risking demolition (Langston, 2008). Technical factors play an important
role in making decisions related to adapting or redeveloping a building. The reason being, is
that some technical issues are hidden, difficult to access, expensive to fix, or may have a
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negative effect on the appearance of heritage buildings (Douglas, 2006). Therefore, a building
has to be able to accomodate users new technical requirements to be a successful case for
adaptive reuse (Wilkinson et al., 2014).

Adaptive reuse of heritage buildings not only helps save energy and provides a pleasant indoor
environment, but it also reduces use of materials and their impact on the environment (MTBA,
2016). In technical upgrade and adaptive reuse of old buildings energy efficiency is an
important consideration. However, there is no common approach for improving energy
efficiency in heritage buildings due to different adaptation perspectives, for example, what is
acceptable from an environmental point of view, may not be acceptable from a heritage
viewpoint as it may threaten heritage values (Vieveen, 2013). To have a positive impact on the
environment and climate change respectively, existing buildings should retain as much
structure as possible, whilst their services and systems need to be improved in terms of lighting,
ventilation, water, glazing, and HVAC (Abdullah et al., 2015).

Historically buildings were not designed to be energy efficient, though some were designed to
work with the climate, with shading and overhanging eaves deflecting direct heat from facades
keeping interiors cooler. As such energy consumption can be higher, especially when compared
to newer code compliant or ‘green’ buildings. More consideration should be given to enhancing
energy efficiency standards in the adaptive reuse of old buildings (Conejos et al., 2011).
Improving energy efficiency of old buildings should be based on carbon, energy and financial
costs, although Menzies (2011) noted other factors should not be underestimated such as social
and cultural values for heritage buildings which have an important role in presenting identity.
Conejos et al (2011) stated that adaptive reuse improves operational energy of old buildings in
terms of mechanical improvements such as installation of air conditioning systems, whilst
preserving their heritage and cultural values for present and future generations. Furthermore,
technical solutions in adaptive reuse may vary based on building type and structure; some
technical solutions which seem appropriate for old buildings may not be suitable for heritage
buildings (Menzies, 2011). Plevoets (2014) classified the technical challenges of adaptive reuse
in three main categories based on previous studies and are summarised in Table 1.

Table 1

This study examines technical issues related to comfort, safety, and energy efficiency with
focus on thermal performance and indoor air quality.

Research Methodology

Case study is a qualitative research method which allows in-depth study and enables the
researcher to study a subject in detail through a specific context (Zainal, 2017); here adaptation
of heritage city halls in Queensland for energy efficiency. Case study is a preferable method to
answer “how” or “why” questions, especially when the emphasis is on current actual practices.
Therefore, case study methodology provides a complete understanding of events in reality
(Yin, 2017). With adaptive reuse research, many authors adopt a case study methodology to
achieve detailed and in-depth analysis of cases (Conejos, 2013; Langston, 2012; Wilkinson,
2011; Wilkinson et al., 2014). Therefore, to achieve a holistic understanding of technical issues
in adaptive reuse, three heritage listed city halls were selected for this research.

Interviews were conducted as a primary data collection method. Taylor and Bogdan (1984)
noted interviewing is a method which helps the researcher to achieve a deeper understanding
of issues that cannot be directly examined. To validate the findings, interviews were organised
with construction professionals involved in the adaptive reuse to collect detailed information
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and to clarify the technical issues and solutions adopted. For this research, the interviewees
were given a topic guide mainly focused on the barriers to adaptive reuse of heritage listed city
halls. The interview method followed the archival research and on-site research to generate
new knowledge and provide in-depth analysis.

The city halls are located in different regions of Queensland, Australia and were selected based
on two categories; “adaptive reuse” and “adaptation”. Through adaptive reuse the function of
the building changes for other functions and purposes; whereas with adaptation, the original
function of the building is retained. For these cases, regardless of whether their functions
changed or not, some technical challenges were encountered due to their age which made them
suitable for this study.

Technical challenges were identified and evaluated based on the literature summarised in Table
1. Case study one is Rockhampton City Hall in Central Queensland which underwent
adaptation. South Brisbane Municipal Chambers in South East Queensland, the second case
study, underwent adaptive reuse. The third case study, Toowoomba City Hall in the Darling
Downs, South West Queensland also underwent adaptation. All cases are selected are located
in Queensland, Australia; however the result of this research may be applicable to other city
halls in Australia due to their common charactristics.

The case study buildings
Rockhampton City Hall

This hall was constructed from 1939 to 1941 using brick and concrete on a granite base (Figure
1) (Maryborough Chronicle, 1938). The building was analysed based on archival sources
including the Conservation Management Plan, on-site observation and research and interviews.
The interviews were conducted with the architect, Project Officer Communities and Facilities,
and the Coordinator Facilities who were experienced and knowledgeable about the adaptation
of the building and its challenges.

Figure 1

The design of the original building was based on natural light and ventilation, with external
verandas around the building. However, subsequently the verandas were enclosed and
converted to office spaces. Cook (2017b) stated that provision of natural lighting and
ventilation in the original design were important features in terms of energy efficiency;
however, these aspects were no longer supported after the installation of walls and a mezzanine
floor in the reception hall, enclosing of the verandas, the construction of solid partitions, and
the rearrangement of original partitions (Cook, 2017b). These alterations led to the provision
of technical building services such as air conditioning and upgrading of lighting systems. The
technical adaptation of the building resulted in some technical challenges shown in Table 2
(Blake, 2008).

Table 2

Page 4 of 20



Page 5 of 20

oNOYTULT D WN =

International Journal of Building Pathology and Adaptation

Enclosing the verandas had a negative effect on thermal comfort and necessitated the
installation of air-conditioning system to meet user expectations regarding comfort. A fan coil
system was installed with an outdoor condensing unit. The challenge of installing the AC was
finding a suitable location to position the external condensing units without altering the heritage
values of the building (Toohey, 2017a). Due to the weight and load of the condensing units,
they were installed on freestanding platforms to the rear of the building and impacted
negatively on the appearance of the heritage facade.

Currently, there are a large number of old AC units in the building (Somerville, 2017) which
leak and the offices in the former veranda areas become wetted during rainfall because the
rainwater downpipes are located in their original position, now inside the building (Cook,
2017a). Therefore the AC systems were not working properly and they should be upgraded to
energy efficient ones while preserving aesthetic values of the building. The Heritage
Department made recommendations to remove the walls enclosing the verandas to return the
building to its original naturally ventilated state (Somerville, 2017; Toohey, 2017b). The
potential return to natural ventilation may have an effect on the selection of the air-conditioning
system which needs to be integrated effectively with regards to energy efficiency.

The verandas were enclosed using the same materials as the original building to preserve
heritage, architectural, and aesthetic values. However, the windows were not energy efficient
since they had defective glazing which resulted in rain penetration, heat gain and provided a
poorly ventilated work environment (Blake, 2008). Furthermore enclosing the verandas led to
the need for artificial lighting. Energy-efficient and sustainable LED lighting was installed to
increase energy efficiency.

Preservation and adaptation of the building allows the retention of embodied energy in the
materials and structure, which results in the reduction of energy use and resources. However,
being heritage listed, any work means modern regulations and restrictions related to heritage
listed buildings have to be upheld. On this basis, the building should be restored to the
climatically appropriate, original design in terms of opening the verandas for natural light and
ventilation, whilst adopting modern state of the art energy efficient mechanical and electrical
standards.

South Brisbane Municipal Chambers

The two storey building was constructed in 1891-92 of red brick, sandstone, and marble in the
free classical style known as Italianate Classical Revival (Figure 2) (The Queensland
Government, 2016a). The building was analysed through archival research, on-site research,
reference to the Conservation Management Plan, and an interview with the archivist.

Figure 2

The chambers were designed mostly based on daylighting and natural ventilation. The lighting
of the staircase was provided by a very large window and the council chambers had three large
windows providing daylighting (The Brisbane Courier, 1892). However, in its conversion to
the Conservatorium of Music during the 1950s, the alteration works involved demolition of
interior walls and installation of mechanical air ventilation and soundproofing of doors and
windows (The Courier Mail, 1955). Air-conditioning equipment was installed and located in
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the basement of the building and the ventilated air was carried through the building in several
ducts. In some areas, false ceilings were installed to conceal the ductwork (Allom Lovell,
2001).

In 1999, South Brisbane Municipal Chambers was reused as the Somerville House
Administration centre. Bottger (2016) noted that when Somerville House purchased the
building, it was in very poor condition and required considerable refurbishment to render it
useable. The ceiling had been removed by the Conservatorium of Music to install an air-flow
system. The fans were hung from a false ceiling, which was installed to solve acoustic issues.
Introducing air conditioning into the building was complicated and difficult to achieve
‘invisibility’ (Bottger, 2016). To meet user demand, the air-conditioning system has been
installed with the outdoor condensing units on the facade of the building, impacting its visual
value. South Brisbane Municipal Chambers adaptation and technical challenges over time are
shown in Table 3.

Table 3

Upgrading the technical services of the building has caused past and ongoing challenges. In
preserving the South Brisbane Municipal Chambers heritage values have been preserved for
future generation and the embodied energy of materials and the structure have been retained,
which contribute to reductions of lifecyle energy use and mitigation of climate change. Based
on a site inspection, research and the interview, the building is not yet energy efficient as there
have been no improvements to windows, doors and insulation because of changed current
ownership needs. Further technical adaptations are required to make the building energy
efficient with improvements related to fixtures, materials and structure.

Toowoomba City Hall

This two-storey brick structure, constructed in 1900, is located in the Darling Downs/ South
West Queensland (Figure 3) (L Marquis, 1992). The building was analysed through archival
research, on-site research, reference to the Conservation Management Plan, and interviews
with the architect, project manager and engineer.

Figure 3

This building underwent alterations and additions over-time due to different requirements and
standards. During the mid-1930s, the need to upgrade the theatre arose, when local musical and
theatrical groups complained the ventilation did not work (L Marquis, 1992). Although the
building was designed to work with the climate using available technology at the time, it was
not successful in satisfying occupants over time and needed upgrading based on user demands.
During the 1937 refurbishment, the ventilation was improved and skylights were installed to
light the art gallery and main stairs (The Queensland Government, 2016b). This enabled the
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building to use natural light. Adaptations and technical challenges to Toowoomba City Hall
are listed in Table 4.

Table 4

Introducing modern technologies into an old building, such as ventilation and air-conditioning,
is a challenge especially for buildings designed to use natural light and ventilation. Here
installation of the ventilation system was an issue with getting equipment into the building and
the roof had be removed. Creating 3D models helped with the installation of the ventilation
system. The chiller was located on the roof, and was concealed by constructing parapets to
preserve the visual value of the building (Sims, 2016). The building’s materials have high
thermal mass with thick brick cavity external walls, which previously helped the natural
ventilation of the building, however the current users prefer mechanical systems to provide
thermal comfort. AC was installed in 1995 to meet user needs. By 2017, the AC system did not
work efficiently and could not be repaired due to financial issues. Although all original
windows are openable, staff cannot open them as this undermines the AC system (Adam,
2016). The windows are original Art Deco ornate timber windows, which need to be double-
glazed for acoustic and thermal insulation (Sims, 2016). The theatre was the only part of the
building which underwent adaptation based on sustainability and the rest of the building needs
to undergo improvements to be energy efficient.

The building was not insulated originally, however there was a big roof space which has been
insulated with floor insulation. Furthermore, the architect specified 50mm high density
polyester acoustic materials to the theatre walls, which provided insulation (Sims, 2016). The
architect (Sims, 2016) felt these changes may cause some level of loss in heritage value of the
building.

Toowoomba City Hall was designed to use natural light and ventilation which is an energy
efficient design in our contemporary understanding. However, user expectations changed over
time which resulted in some changes to the building. The architect tried to renovate the theatre
based on sustainability standards to meet user needs in spite of the challenges. The building
needs further technical adaptation.

Analysis of technical issues

Many heritage buildings were constructed when energy costs were low and there was no
concern about climate change. Enhancing energy efficiency in old buildings is considered one
important opportunity to mitigate climate change (Abdullah et al., 2015; MTBA, 2016). The
different case studies with different uses, different owner preferences and different
characteristics provide a detailed analysis of the technical upgrades and their respective
challenges.

Table 5 shows the common technical issue shared by the three heritage city halls related to
finding a suitable place to install the AC system, also identified by Douglas (2006). Insulation
has not been improved in Rockhampton City Hall and South Brisbane Municipal Chambers
and they need further improvements to enhance energy efficiency. All these city halls upgraded
the lighting to LED which has higher efficiency and longer life, leading to energy savings and
reduction of carbon deoxide emissions (Ahn et al., 2014). The retrofitting of lights did not pose

7



oNOYTULT D WN =

International Journal of Building Pathology and Adaptation

any challenge. The usage and ownership of a heritage building play important roles in
considering technical challenges and solutions.

Table 5

Adaptation of these heritage buildings resulted in some technical challenges (Table 6).
Introduction of modern services into old buildings is difficult due to age and the need to comply
with current building codes. There is no general guideline for adaptive reuse of heritage
buildings, although they will need to be compliant with current building codes when adapted.
There are no general and international rules, codes, and standards for energy adaptation of
heritage buildings and so, each country has its own rules relating to energy efficiency
requirements which exclude or include existing buildings (Mazzarella, 2015). Baek and Park
(2012) stated the lack of regulatory systems is one of the challenges of improving the energy
performance of existing buildings. This poses a challenge in terms of policy, since the technical
upgrade and issues vary case by case. Table 6 shows the existing or inherent energy efficient
services for each building, and the technical changes and challenges each experienced during
its lifecycle, along with proposed key strategies for further energy efficient adaptation.

Table 6

The building envelope, which is in direct contact with the external environment, is used for
lighting, cooling, heating and ventilation. Therefore, it is an important factor for energy
measurements and defined as the “interface of energy losses” (Abdullah et al., 2015). As shown
in Table 6, the three heritage city halls were constructed with durable masonry walls, such as
stone, brick and concrete, which have high thermal mass. Thermal mass provides the
opportunity to regulate the temperature inside a building. Staff and occupant activities produce
heat, which can be absorbed by the thermal mass of the walls. In addition embodied energy
will be saved by reusing existing walls and structure with good thermal mass. Pisello (2016)
stated most older buildings were built with poor performing envelopes and inadequate energy
systems, which is the case with these city halls. Therefore, external walls need upgrading,
especially in terms of thermal insulation, but with no changes to their appearance becuase of
their heritage status. Webb (2017) noted energy retrofitting on heritage buildings should
involve assessments regarding materials and the visual impacts on heritage value. This may
lead to placing insulation within a cavity (when provided) or on the internal face of the wall
to preserve the exterior visual value of heritage buildings. Mortar joints need to be repointed
carefully to provide air barriers and reduce the risk of water penetration and heat loss or gain.
Windows, and the joints around openings also need to be improved to decrease infiltration. In
these city halls, the window frames were mostly old and require alterations to make them more
functional. Options include installing polycarbonate frames, energy panels and thermal-panes
as secondary glazing or replacing windows with double glazed units. All fenestration needs to
be sealed and airtight to prevent energy waste. Martinez-Molina et al (2016) found that
replacing or adding insulation to existing windows and doors reduced energy demand and
consumption. However, for heritage buildings any replacement would affect their heritage
values. In the three case studies the staircase, atrium, and skylight are considered as a passive
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system which provide natural light and ventilation. However, natural ventilation alone cannot
meet the users’ comfort and it needs to be part of a hybrid system to be energy efficient (Pisello
et al., 2016). Providing energy efficient systems in these city halls lead to reductions of energy
consumption and increased environmental sustainability.

Energy efficiency retrofitting of heritage buildings is important for improving sustainability
and preserving the built heritage of historic structures (Martinez-Molina et al., 2016). These
city halls have experienced energy efficient adaptation in different ways; however, they still
need further technical adaptation in the form of the introduction and installation of active and
passive energy efficiency systems, such as window retrofitting, internal envelope insulation,
installation of control systems, and the use of renewable energy including solar and geothermal
power systems.

Conclusion

Old buildings have often many inherent sustainability features in terms of embodied energy,
embodied carbon, durable materials, and even design and construction techniques. However,
user expectations change over time in terms of technical standards and comfort levels. Under
such circumstances, old buildings need to undergo modification and modernisation to meet the
current expectations. Retrofitting existing buildings is a way of addressing the climate change
(Miller and Buys, (2008). Reduction of greenhouse gas emissions is important to mitigate
global warming and climate change and, it is a responsibility of stakeholders to find ways to
reduce emissions from existing buildings (Jagarajan et al., 2017).

The research questions addressed were; what are the technical issues faced in adaptive reuse
/ adaptation and secondly, what other sustainability measures could be adopted? This research
analysed the technical issues in the energy efficient adaptation of three heritage listed city
halls through a case study approach, using interviews, combined with on-site and archival
research. This research analysed technical changes and challenges of these heritage buildings,
how the issues were resolved, and idenitifed sustainable strategies for further work. However,
there might be more sustainable options for energy retrofit of heritage buildings, which needs
further study.

The three case studies had technical challenges in terms of providing insulation, acoustic
performance, and finding suitable places to locate and fit AC without compromising
architectural integrity and visual quality of the building, which is important in all heritage
buildings regardless of use. The results of this research will be applicable for other heritage
buildings sharing similiar characteristics. The technical needs and requirements of city halls
have a direct interaction with the building user and owner preferences, which makes city halls
different from other heritage building types. Each community had slightly different user
requirements for their buildings; for example, the Toowomba City Hall had issues around
acoustic performance to make it acceptable for the community use there, whereas the
Rockhampton City Hall uses meant that acoustic performance was not important for those
users’.

Webb (2017) noted improving energy efficiency in heritage buildings must be balanced with
preserving heritage values to have long-term continued use. Whilst sustainable improvements
should preserve heritage values as much as possible; there might be some level of loss to make
a heritage building liveable and usable. Therefore, for any work on heritage buildings there
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should be a comprehensive understanding of the cultural and heritage values of the building
along with its physical characteristics. Understanding of the original energy design of an old
building will enable architects to find better solutions for restoring their energy features.
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Figure 1 Rockhampton City Hall, 2017 (Source: Author)
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Figure 2 South Brishane Municipal Chambers, 2017 (Source: Author)
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Figure 3 Toowoomba City Hall, 2017 (Source: Author)
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Table 1 Classification of technical issues of adaptive reuse (Plevoets, 2014)

Technical challenges of adaptive reuse

Frames (timber, concrete, steel)
Floors

Roofs

Walls

Heavy lifting

underpinning

oNOYTULT D WN =

9 Loadbearing structure

Internal surfaces
Introduction of new floors
Facade

Accessibility and circulation

13 Building envelop

Fire resistance
Thermal Performance
Acoustic performance

Indoor air quality
Preventing moisture and dampness

18 Comfort, safety, energy efficiency
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Table 2 Building adaptation and technical challenges of Rockhampton City Hall (Author, 2018)

Building adaptation

Technical challenges

Enclosed verandas around the
building

Sealing of the whole building obstructing received natural lights
and ventilation

Installation of poor window glazing system, which impacted
negatively on the general condition of the building and created
a degraded and unventilated work environment

Installation of air-conditioning

systems

Interference with the original building by providing several
ducts, units, cables, and drainage canals.

Difficulty in finding a suitable location for heavy AC equipment
Installation of a large air-conditioning plant on the north-west
courtyard has a negative effect on the building visually.

Installation of electrical equipment
and lighting

Preserving architectural integrity of the building

Installation of telecommunications

equipment

Preserving architectural integrity of the building
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Table 3 Building adaptation and technical challenges of SBMC (Author, 2018)

Building adaptation

Technical challenges

Installation of ventilation and

soundproofing systems

Soundproofing was inadequate

The air ventilation system did not ventilate the rooms very
well, and even carried sound from room to room as well as air
There was no air-conditioning system, so doors and windows
needed to be open in rooms, which resulted in environmental
noise from both the building and the environment.

Installation of fans hanging

from false ceiling

Damage to the architectural integrity of the building

Installation of portable ventless

air conditioning systems

Difficulty achieving “invisibility”
Preserving architectural integrity of the building
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Table 4 Building adaptation and technical challenges of Toowoomba City Hall (Author, 2018)

Building adaptation

Technical challenges

Improving ventilation systems and installing
skylights in the art gallery to provide natural light

Preserve heritage characteristics of the
building

Installing mechanical air-conditioning to improve

indoor air quality and meet user expectations

Difficulty in getting the equipment in

Installing insulation and acoustic

Preserve heritage characteristics of the
building
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Table 5 Technical challenges of adaptation of three case studies (Author, 2018)

Three Case Studies Technical Challenges of adaptation

Air-Conditioning  Insulation Acoustics  Lighting

Rockhampton City Hall v x X x

oNOYTULT D WN =

South Brishane Municipal Chambers v x v x

9 Toowoomba City Hall v v v x
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Table 6 Technical analysis of three case studies (Author, 2018)
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City Halls Inherent energy efficient Technical Changes and Key strategies for energy
services challenges efficient adaptation
e Open verandas to provide e Enclosed verandas led e Convert the building to its
natural ventilation to the installation of original state to utilise its
o Windows on four fagades air-condition and new original features for passive
to provide natural light lighting heating and cooling schemes
e Heavy masonry external e Finding a location for e Modify energy efficient
) walls with high thermal the AC equipment due mechanical and electrical
Rockhampton City Hall mass to its heavy loads systems

e Installation of AC on
the north-west fagade
has a negative effect on
the building visually

e Installation of LED
lights

e Upgrade and re-install original
doors and windows

e Repoint mortar joints to
provide an efficient air barrier
and reduce the risk of rain
penetration

e Large windows on four
fagades provided natural
light and ventilation

e Stained-glass window
provided natural light for
main staircase

¢ Repairable wood frame
windows

o Heavy masonry walls
with good thermal mass

South Brisbane Municipal
Chambers

e Destruction of interior
walls and ceiling for
installation of
ventilation and
soundproofing systems

e Installation of air
conditioning and
difficulty to find a
suitable place to getting
the equipment in

e Installation of LED
lights

o Keep and maintain timber
frame windows by providing
thermal-panes and energy
panels

e Upgrade mechanical and
electrical systems based on
user needs

¢ Add significant insulation to
the interior walls

e Repoint mortar joints to
provide an efficient air barrier

o Improve thermal performance
of windows

¢ Windows on different
fagades to provide natural
light and ventilation

o Thick walls with thermal
mass

o Panels and wallpapers
behind walls provided
acoustic and insulation

Toowoomba City Hall

e Extend the building in
two sides blocked the
windows. Skylight was
provided for natural
light

e Installation of air
conditioning and
difficulty to find a
suitable place to getting
the equipment in

e Installation of LED
lights

e Provide acoustic materials
which have high density and
act as an insulation as well

o Upgrade mechanical and
electrical systems to meet user
requirements

o Installation of polycarbonate
window frames

o Improve thermal performance
of walls internally

o Improve internal envelope
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