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Abstract: Interest in the energy retrofit of historic buildings reflects the current drive to reduce green-
house gas (GHG) emissions. New Zealand (NZ), unlike Europe and USA, has no country-specific
guidelines considering heritage conservation, energy efficiency, reduced carbon emissions and cost.
The paper explores benefits to NZ from a policy and practice perspective from such procedures.
The adoption of tailored retrofit guidelines would contribute to the national goal of reduced GHG
emissions by 2050. The case study investigates the relevance and challenges of assessments such as
heritage impact, life-cycle carbon assessment and life-cycle costing for historic building renovations.
Through interviews with a range of experts, the results for hypothetical retrofits of a heritage building
are evaluated. The interviews reveal how possible trade-offs among different assessment criteria
(e.g., energy, cost, carbon footprint and heritage impact) are considered by different specialist groups,
as well as exploring the benefits and barriers, and providing recommendations for future renovation
guidance. The main findings highlight the importance of a life-cycle perspective and of conservation
plans for heritage assessment. The experts all agreed that from a conservation perspective, there was
no one energy retrofit solution that fits all building types and cases.
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1. Introduction

The building sector globally is responsible for 36% of energy use and at least 30%
of greenhouse gas (GHG) emissions per year [1]; however, if GHG emissions are not
reduced climatic impacts are likely to be irreversible [2]. There are opportunities from
sensible retrofits of historic and heritage buildings to reduce GHG emissions and energy
consumption [3-8]. The Paris Agreement CO, reduction targets have contributed to the
development of new government policies as well as voluntary standards such as the
European EN 16883:2017 and American ASHRAE 34P:2019 guidelines for renovation of
historic buildings [8,9], and the emergence of European and international group research
tasks on historic building energy retrofits including EFFESUS, RIBuild, 3encult and IEA
Task 59 [10,11].

Despite many conservation challenges arising while energy renovating historic build-
ings, at the international level, ICOMOS has recognized the importance of cultural heritage
supporting sustainable development of cities [3,12]. Many countries have developed guid-
ance material on how to insulate walls, windows or even adding photovoltaic (PV) panels
to heritage and historic buildings [13-15]. The topic of historic retrofit has been widely
investigated in the last decade from both technical and conservation sides; however there is
still limited discussion about the heritage significance assessment and its influence on the
decision-making [11,16], while from a practice perspective energy retrofits are still limited
by regulatory, social and technical barriers [17].

Compared to Europe and USA, New Zealand (NZ) discussions on energy retrofits
of historic buildings are at the initial steps. This is despite there being many old and
vacant historic buildings in town centers, many with a degree of heritage value, in need
of improvements to be fit for purpose [18]. One of the reasons energy retrofits are not
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yet in the forefront of discussion is the concern with meeting mandatory strengthening
requirements attributable to high seismic activity [19]. NZ has a 2050 legal target for
reducing GHG emissions to 50% of the 1990 levels [20], being implemented through a zero-
carbon policy [21]. This, at the time of writing, focuses exclusively on new construction,
resulting in no country-specific guidelines for historic building retrofits.

Most existing historic buildings remain untouched by energy upgrades due to the lack
of required compliance for energy efficiency as well as exemptions by ‘if practicable’ clauses
in the mandatory New Zealand Building Code (NZBC) [22,23]. This coupled with the
perception that old buildings are cold, damp and leaky [24], and their possible earthquake-
prone status may pose demolition risks for many neglected historic buildings [25]. In
addition, the country is facing a housing crisis due to many years of underinvestment in
house construction coupled with population growth leading to pressure for higher-density
inner city and suburban developments, hence an increasing risk of historic houses demoli-
tion [26]. Currently in the capital city Wellington, there are consultations as to in which city
areas historic and heritage buildings will be protected or not by the proposed ‘Draft Spatial
Plan for Growth” which will rule where new developments can occur [27]. This is raising
concerns of valued heritage and character areas being threatened by demolition [26,28].

On the other hand, it is argued that the sensible retrofit of historic buildings allows
for improvements and adaptations for future needs, contributes to more healthy indoor
environments, reduces environmental impacts while protecting the historic values, fabric
and embedded carbon of these houses from demolition [5,8,29].

Given the current scenario, there is a gap in policy and practice regarding retrofit
of historic buildings when compared internationally [30], thus NZ could benefit from
appropriate tailored guidelines. However, there is also a gap in NZ research dealing with
technical and conservation aspects of historic buildings retrofit, being limited to a few
research publications and practice case examples that not fully address the challenges of
historic preservation [31,32] or consider a holistic deep retrofit with different variables and
interactions among different stakeholders [6,8,11,33].

The purpose of this paper, based on a theoretical case study, is to explore the use of the
international guidelines for historic retrofit, and whether NZ could benefit from a policy
and practice perspective from adopting similar procedures. Additionally, the paper reflects
on the appropriateness, challenges and gaps of methods for assessing different criteria.
Finally, it discusses how heritage significance assessment is crucial in decision-making. The
paper explores awareness of the contribution of retrofit policies and practice for protecting
historic buildings while reflecting on international guidelines rationale.

In this paper the term “historic building” includes both officially listed and protected
buildings as well as older buildings without an official designation. The terms “retrofit”,
“renovation” and “refurbishment” are considered synonymes, referring to fabric and ser-
vice upgrades.

2. Existing Guidelines for Historic Buildings’ Renovation

In the past decade, three important voluntary standard guidelines have been devel-
oped to establish generic procedures, assessment criteria and recommend methods for
the energy renovation of historic buildings, including those statutorily protected [8,17].
Chronologically the first was the AiCARR (Italian Society of Refrigerating) 2014 guide-
lines proposing an interdisciplinary approach to contribute to the European 2050 energy
use targets and GHG emissions reductions [34]. It introduced a procedure for auditing
historic building energy use before and after retrofitting. The assessment criteria was
mainly focused on comparison of energy and heritage significance analysis [34]. AirCARR
also includes topics for renewable energy generation, hygrothermal analysis and tailored
simulation considering users’ behavior [35].

In 2017, following publication of the Italian document, the European Committee for
Standardization developed and implemented EN 16883:2017 Guidelines for improving the
energy performance of historic buildings [8]. This document, similar to previous guide-
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lines, describes a procedure to be used by interdisciplinary stakeholders while renovating
historic buildings. It also advocates on the broader context of sustainable management
of buildings, including environmental (material and energy audits), economic (market
value, revenues and long-term costs), social (aesthetic and social imprint) and cultural
(heritage significance retained for future generations) aspects [8]. The guidelines cover:
firstly, the need for a historic building survey and pre-assessments before any renovation
solutions are proposed; secondly, a list of assessment categories and criteria for evaluating
the proposed solutions; thirdly, an assessment scale in terms of risks and benefits aiding
decision-making; and finally, for some assessment criteria, the corresponding international
and European Standards for appropriate methods [8].

The next guidelines document was the American ASHRAE Energy Guideline 34-2019
for historic buildings [9]. This is similar to the two previous in the sense of providing
procedures for a best-balanced renovation design. However, compared to the European
Standard, it has more details about the existing building envelope diagnosis including
recommendations for hygrothermal analysis of heat, air and moisture flows; measurements
of indoor temperature and humidity; use of a blower door test and infrared thermography.
Preliminary energy analysis, thermal comfort analysis and air quality monitoring are
recommended to calibrate a tailored energy model. Finally, the procedure also requires
results be compared regarding energy savings against potential impacts on the historic
building [9].

Despite all these guidelines advocating multiple-criteria assessment, they all have
a strong focus on two main criteria: energy savings versus heritage significance. Other
criteria and recommended assessment methods, such as carbon savings and the life-cycle
carbon analysis, do not have the same attention. EN 16883:2017 is the most complete
framework amongst the three guidelines as it includes aspects such as economic viability,
impact on the outdoor environment, and GHG emissions [8]. However, a more in-depth
approach and a clear recommendation for life-cycle analysis is not often clear from all
three guidelines.

The energy upgrade of a historic building will reflect on less operational energy,
hence less on operational carbon emissions. However, the materials’ embodied energy and
carbon, replacement and maintenance within the life cycle need also to be assessed.

This paper explores the impact on the decision-making processes of heritage conser-
vation specialists through provision of simulation model results of the energy, life cycle
cost and life cycle carbon for a range of renovation options. Ten professionals from public
and private organizations were interviewed, and their responses analyzed. The paper
concludes with a discussion of the value of such an approach to historic renovation.

3. Authenticity and the Heritage Significance Assessment

Heritage assessment, despite its stated importance in guidelines, research programs [10]
and its widely heritage practice application, is not seen as detailed in published material
on historic retrofits [11,16]. Often energy retrofit research does not detail how the heritage
assessment or historic values influenced the final decision-making. It is often stated that
due to legal protection the exterior appearance of the building cannot be altered, thus
only interior solutions are considered [5]. However, authenticity and heritage assessment
should not be limited to only the exterior material and visual appearance.

The concepts of authenticity and cultural significance have been treated and defined
in different ways since the first ICOMOS Conservation Charters which were strongly
based on European ideals of values associated with build heritage [36,37]. According to
Araoz [36] the modern heritage movement was created by the focus of Eurocentric visions
and theories on the material existence of significant places. The Venice Charter of 1964,
one of the first ICOMOS documents, advocated the conservation of physical components
where historic and aesthetic values were attributed, but that only trained professionals
were able to fully understand the significance of historic places [38].



Heritage 2021, 4

3700

The Venice Charter paradigms were later challenged and reconsidered, especially
regarding cultural significance and their appropriation by different communities [36].
Aspects that changed through time included the role of communities and the understanding
of the significance of a heritage place. Two ICOMOS Charters, the 1979 Burra Charter
(latest revisions 2013), and the 1994 Nara Document on Authenticity played an important
role consolidating these new paradigms. The Burra Charter enlarged the list of significant
values including “places of cultural significance reflect the diversity of our communities”,
and acknowledging that values (including social and spiritual) can be seen differently
amongst individuals and groups, [39]. The Nara document marked a shift from the
Eurocentric belief in absolutes of tangible physical attributes towards the acceptance of
relative, contextual and intangible values, and authenticity [37,40].

Following the concept of authenticity in the 1994 Nara document, the 2005 World Her-
itage Operational Guidelines for international heritage nominations were also altered. The
authenticity approach was further broadened in 2005 from design, materials, workmanship
and setting parameters to form, substance, use, functions, traditions, techniques, location,
language, spirit and feeling parameters [37,41], emphasizing differences in the cultural
context. According to Jokilehto [41] authenticity refers to being truthful and significance is
built up in dialogue with society, therefore, the authenticity needs to be verified not only in
the construction itself but also in the continuity of community tradition, spirit and feeling.
However, communities are constantly changing so cultural significance is also dynamic,
therefore the focus should be on managing change instead of preventing it [36].

In New Zealand, the 2010 NZ Charter and 2013 Burra Charter are the main reference
documents for assessing cultural significance. Therefore, cultural significance and authen-
ticity are based on a set of values including not only aesthetic and historic as the 1964
Venice Charter, but also social, scientific and spiritual values according to the cultural con-
text [39,42], comprising not only tangible but also intangible values attributed to the place.
The Burra Charter [39] recommends that through community and stakeholder engagement
a conservation management plan (CMP), containing the assessment of significance and
cultural values [43], should be developed as part of a conservation policy. Beyond any
heritage significance statement incorporated into the CMP, it should also include obli-
gations, future needs, risks, and constraints for managing changes. Conservation plans
and cultural significance assessment need to be periodically reviewed due in light of the
dynamic character of heritage [39]. However, this is not always followed in practice, as
conservation plans are seldom reviewed after completion [44].

Role of Conservation Plans

Often the exclusive focus on material fabric authenticity remains embedded in institu-
tional practice, legislation, and training [36], nevertheless the CMP has an important role as
it can aid decision-making, e.g., supporting sensitive fabric changes, without diminishing
overall significance. Burra Charter, Article 27 [39] states that for any proposed changes
one way to manage cultural significance impacts is to assess them against the statement of
significance and values. It is clear that when improving the historic building’s performance
or adapting for different uses, the CMP is essential for guiding heritage impact assessments
to manage changes and avoid detrimental actions.

Internationally organizations such as Historic England recognize that changes to the
historic buildings, including energy upgrades, is inevitable therefore managing change
is critical [44]. Contemporary community acceptance of a broader range of values, such
as sustainability as a cultural value [45], and the recognition that urban heritage is a
dynamic resource can enable more sensitive and flexible approaches [36]. According to the
Nara Charter of Authenticity and the World Heritage Operational guidelines for testing
authenticity, parameters such as use, traditions, techniques, location, language, spirit and
feeling gain relevance in the decision-making.

Assessing significance is the most important process and should influence everything
else, meaning practical decisions are simply based on the values stated at the CMP. Values
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are not quantitative, which makes simplifications difficult to scoring systems [44]. There-
fore, in the first stages on the renovation process the understanding of the asset’s overall
significance, the significance of elements and the impacts of change may come from the
CMP. For example, the Wellington City Council (NZ) heritage policy requires conservation
plans only for buildings subject to heritage orders, which are protected by the district
plan provisions, but recommends that all listed heritage buildings should have one [43].
Therefore, not all historic buildings have a CMP identifying issues of significance.

Even when if a CMP is developed, this does not guarantee its effective use. Worthing
and Organ [44] observed that often CMPs have limited engagement with broader global
trends such as greater awareness on carbon emissions, and are not practical working
documents, as they lack key performance indicators (KPIs) or mechanisms for effective
monitoring. They also noticed a greater importance is given to tangible elements over
intangible, because they are more obvious and professionals have more training with
physical elements. This can be corrected through updated CMPs.

Despite such desired CMP improvements, they remain the most valuable documents
for understanding heritage significance and management of changes. Provided CMPs
contain both long-and short term actions [46], they are the most suitable document for
initiating conversations about the renovation process, as well as aiding decision-making.

4. Methodology

The first part of this study identified through an international and national literature
reviews the following topics: a lack of NZ tailored energy retrofit guidelines; limited
research addressing specific conservation challenges; and the lack of a role for conservation
plans and heritage values in energy retrofits. Given the limited energy retrofit practice [30]
and a lack of NZ guidelines, this research used a theoretical case study using EN 16883:2017.
The research focused on important assessment criteria (user comfort, carbon and cost
analysis) in order to understand their effect in the decision-making process.

This theoretical retrofit study explored a series of wall and window insulation options
which would improve indoor quality, lengthen the building’s useful life, reduce GHG
emissions, while protecting the heritage significance. Following the European guidelines
to use of different stakeholders, this study also included interviews with a group of NZ
stakeholder experts involved in energy renovations. Qualitative interviews investigated the
practicality of adopting tailored guidelines, the differences between different professionals’
points of view, the challenges which arise from these, and what needs to be dealt before
implementing guidelines in the country. The group of stakeholders’ experts was comprised
of retrofit practitioners, such as architects, conservation professionals, engineers, assets
managers and advisors from both public and private sector [8,11,33].

The next sections introduce the case study and provide a summary analysis of different
assessments from energy, thermal, carbon and cost perspectives, which were presented as
part of the stakeholder interviews. The interview findings are then discussed. The novelty
of this paper pertains to the practicality of adopting guidelines for energy retrofit, as well
as promoting awareness and discussion of benefits and challenges for both technical and
conservation issues. These contribute insights for policy-making support.

Case Study Description

The Former Custodian’s Residence, a 1901 typical, fairly plain villa (Figure 1) is located
in the suburb of Khandallah, Wellington, NZ. The Residence represents a typical historic
NZ house construction of “light timber frame, timber wallboard cladding, corrugated
iron roofed free-standing house developed with a suspended wooden floor” [47]. These
timber-framed city houses reference to the northern English vernacular and symmetrical
rectangular plan [48]. Despite some changes over time, this villa has moderate authenticity,
retaining the original external rusticated weatherboards and with a mixture of original
large double-hung windows and modern casements. The house has been under Wellington
City Council ownership since 1919, when the first custodian of the Khandallah Domain
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occupied the house with his family. Until the 1990s, it was used as the custodian’s residence
and was later tenanted by council staff [49]. Since 2018, the house has been unoccupied
and the Council searching for new tenants [50].

Figure 1. Former Custodian Residence. Source: [49].

The house listed in the Wellington District Plan, has local heritage significance within
the Khandallah suburb, and it is one of oldest remaining Council custodial houses. It is
located on an elevated site at the end of Clark Street strongly contributing to the setting.
The conservation plan [49] describes the exterior fabric, including the front verandah, as
original but the modern casements on east and west facades reduces the overall exterior
authenticity. The interior was extensively altered and it is no longer fabric authentic. As
with many timber-frame houses built prior to 1970s insulation requirements, has dampness
issues on its west elevation which is enclosed by native bush [49]. This aligns to the
national perception that historic houses are cold and damp [24], having issues with mold
growth, and occupant asthma and other respiratory diseases [51]. To reduce dampness,
and improve indoor thermal comfort, in 2018, the Council started to renovate the house,
but only a few measures were implemented, including roof insulation.

Therefore, this study was designed to explore the energy and environmental benefits
of thermal comfort, carbon and cost savings of a deep retrofit including insulation and air-
tightness [6] and the heritage costs. Enhancing the building envelope thermal performance
would benefit the occupants’ thermal comfort and health [5,52], as well as reducing heat
losses and reduce heating energy consumption.

The European and American guidelines on energy renovation of historic buildings,
give the first stages in the process as a building assessment and survey; defining the
main goals followed by assessments of compatible solutions [8,9,17]. This case study was
prepared following the same process. Primary, historic documents and technical reports
provided by the Wellington City Council were consulted to understand the building’s
history and the current physical condition. These showed that in 2018 polyester blanket
insulation was added to the ceiling, an HRV pressure ventilation system, a heat pump was
added in the living room and new carpets were installed in bedrooms and living room.

The expected goals, considering the building history and use, were to improve indoor
thermal comfort, reduce energy use and carbon emissions, reduce dampness and enable
a healthier indoor environment all while protecting the historic character. Given the
holistic assessment categories presented in EN 16883:2017 [8], thermal comfort, energy
consumption, carbon savings and costs were the main criteria used for assessing the
proposed retrofit solutions. Heritage impact assessment was also crucial, but assessment
was carried by experts through the interviews.

5. Summary of Analysis

The research consisted of a modelling, assessment and analysis by a two-part mixed
method: firstly, quantitative assessments of different energy efficiency options and secondly,
qualitative interviews with experts based on the first stage results. A booklet (Figure 2) was
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prepared using the results from the first stage and presented to interviewees. It comprised:
the project outline; a summary of the heritage significance stated in the CMP [49]; a series of
images of the potential visual appearance of the different retrofit options and the graphed
results from the assessment criteria (e.g., comfort, life-cycle carbon—LCCA and life-cycle
cost—LCC).

RESULTS

Architectural value: typical, fairly plain villa late 19th
cent. Rusticated weatherboard, mixture of original large
double hung windows, & small modern casements,

Historical value: a relatively early survivor from when
Khandallah was converted from farmland to city suburb.
Strongly associsted with Welliagton early native bush
reserve. Closely identified with Glen family, particularly
Reserve's 17 custodian Andrew Glen who was key to the
establishment of the reserve and its popularity.

Social value: & well known landmark close to the
Khandalish Reserve. Makes strong contribution to setting.

Authenticity: difficult to establish as few documented
altecations or additions. Appears to be in authentic

=S bt . .
SUMMARY OF HERITAGE SIGNIFICANCE = e L o 5 g . Building renavation cost analysis ~ Net Presant value for 20 years
condition, retaining significant original materials. Changes
{e.. modem casement windows, rear addition 19805,

& 1 Glazing Wall insulation

1

as

: I I I I
v-wﬂmph 2011) have not had a negative impact upon Y
the overall integrity of the house. Authenticity of Ny
materials, design, craftsmanship, and setting. as
Scurca: Russell Murray and Mihasi Kelly, Conservation fian, 2005.

et Lo Omisegung a8
Former Custodian’s Residence — 89 Clark St. - Khandallah, Wellington Former Custodian’s Residence — 89 Clark St. - Khandallah, Wellington

Figure 2. Examples of booklet pages shown to interviewees.

A building survey took detailed physical, construction and materials measurements
which were translated to a baseline EnergyPlus model used for energy, carbon and cost
life-cycle analysis. Model information and assumptions are available on request.

The base model and each retrofit measure was assessed by the annual hours of comfort
using the adaptive model of comfort [53]; heating energy expressed as a fraction of the
baseline model (%); kg of CO, equivalent (LCCA) produced by the heating system; and net
present value in NZD (LCC). It is acknowledged that important categories and criteria were
not included in this investigation due to their complexity and specific analysis requirements
(e.g., salt risks, structural risks, hygrothermal analysis, etc.). However, their relevance was
explored during the interviews.

The house base model has uninsulated timber-frame cavity walls, suspended timber
floor, single-glazed wooden frame windows, insulated ceiling and a corrugated iron,
pitched timber-frame roof. The proposed renovation scenarios started with upgrading
only windows, secondly upgrading only walls and thirdly upgrading the whole envelope
(wall, floor, roof and windows) and reducing airtightness. The scenarios also vary from
insulation product R-value of 2.8 m?. K/W to 5.45 m?. K/W. Their envelope composition
from external to internal layers plus components R-value (m?. K/W) are given in Table 1,
while the descriptions are given below:

Base model;

Retrofitted double-glazing;

Draughtproofing windows and adding lined curtains;

Fiberglass cavity wall insulation (CWI);

PIR board internal wall insulation (IWI);

Whole house insulation with CWI (R2.8 product);

Whole house insulation with IWI (R2.8 product);

Whole house super insulation with both CWI and IWI (R5.45 product); and
Whole house super insulation with IWI (R5.45 product).

SIOoOmmUNwp

The insulation materials proposed for walls include rigid insulation boards directly
fixed to the walls (e.g., PIR-board) and non-rigid insulation materials (e.g., fiberglass)
for cavities as is usual practice in NZ timber-frame houses. However, adding internal
insulation to the existing wall, especially vapor-tight insulation systems, requires caution
so to avoid possible water-vapor penetration and potential condensation [5]. For this
reason, existing guidelines recommend the hygrothermal analysis of all components to
assure existing fabric compatibility, and to avoid mold growth and material decay [8,9].
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Due to technical limitations, hygrothermal analysis was not part of this simplified study
but it is noted that moisture assessments are an important part of a holistic deep retrofit.

Table 1. Building envelope composition from outside to inside layers for all different scenarios.

Scenarios Roof Floor Wall Windows
Corrugated iron sheet +
140 mm ceiling joists Ground +
Vi nt?fl f jv;fanfgs * + sub-floor VerIcllated Rusticated weatherboard +
A et ated Toot space spacer 90 mm timber frame cavity + Single-glazing (R0.19)
100 mm polyester 140 mm floor joists 10 mm sum plasterboard (R0.4)
blanket insulation + + 20 mm particleboard 8YP P ’
10 mm gypsum (RO.31)
plasterboard (R2.8)
Double glazing
B As for A As for A As for A Low-E (R0.5)
C As for A As for A As for A Single glazing and
lined curtains (R0.33)
D As for A As for A 90 mm flberglass 1psulat10n added As for A
in wall cavity (R2.2)
60 mm PIR insulation board + 10mm
E As for A As for A gypsum plasterboard on top of As for A
existing wall (as for A) (R3.2)
100 mm polyester blanket
F As for A added in between the Asfor D As for B
floor joists (R2.75)
G Asfor A AsforF AsforE As for B
100 mm polyester 120 mm PIR insulation 90 mm fiberglass insulation added
blanket insulation board in wall cavity +
H Replaced by 120 mm added in between the 60 mm PIR insulation board + As for B
PIR insulation board floor joists 10 mm gypsum plasterboard on top
(R4.8) (R4.4) of existing wall (as for A) (R5.0)
120 mm PIR insulation board +
I As forH As for H 10 mm gypsum plasterboard on top As for B

of existing wall (as for A) (R5.8)

The results from different variations in Table 1 were grouped and graphed for the
interviewees. Firstly, a graph of the results from the adaptive thermal comfort analysis
(Figure 3), labelled according to the percentage of hours considered cold (<18 °C), comfort-
able (18 °C< and >26 °C) and hot (>26 °C), for the base model (A) and retrofit scenarios
(B-I) were presented. Mean radiant temperature and mean air temperature were outputted
from the model, as surface radiation temperatures contribute to an uncomfortable condition
with the more homogeneous the temperatures (air and radiant) the greater the sensation of
comfort [54]. Figure 3 illustrates that the more insulated the envelope (walls, floor, ceiling
and windows) the more comfort hours during the year compared to the baseline model
(A). From F to I, the whole-house insulation scenarios with reduced airtightness, there is
an average 20% difference compared to other single measure scenarios (e.g., only walls
or windows).
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Figure 3. Results in percentage (%) throughout 8760 h of the year of cold, comfortable and hot
temperatures in each scenario according to the adaptive model of comfort.

Then the graphed carbon and cost life-cycle analyses (Figure 4) were presented and
discussed with interviewees. The results for all scenarios were shown in tones of kg. CO,
eq. for 90 years of carbon LCA (life cycle analysis) and in NZD (millions) for 20 years
of cost LCA calculated as the NPV (net present value). A similar pattern to that shown
for the thermal comfort analysis occurs with all assessment criteria—the whole insulation
scenarios (F-I) show larger differences compared to single measure scenarios (B-E). The
deep retrofit of all envelope components contributed to more than 50% savings in energy;,
carbon and costs over the 90-year life-cycle, compared to a maximum 12% savings from
single measures (e.g., walls or windows insulation).

$2.5

Millions

(]

$2.0
$1.5
$1.0
I I I I . I I
50.0
A B C D E F G H
A B c D E F G H

A4-A5: Construction process stage Investment cost ® Operational cost

W B6: Base Building Operational Energy Use

@) (b)

Figure 4. Embodied and operational carbon results (a) and investment and operational cost results (b).

The larger influence on operational costs of the deep retrofit compared to the opera-
tional carbon results can be explained by the shorter period of analysis of 20 years, hence
less investment costs from material replacement. The embodied carbon and investment
cost fraction within the LCA depend on the different materials’ service-life. A sensitivity
analysis was carried out by doubling the replacement cycles of all materials over 90-year
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lifespan. This showed the operational phase decreased from 78% to 65% of the total carbon
footprint, reinforcing the importance when undertaking a life-cycle analysis of using the
most accurate information for the chosen materials.

The graphs were discussed during the experts’ interviews to explore how the LCA,
investment cost and embodied carbon could influence their decision-making.

6. Interviews Findings and Discussion

The booklet was presented and discussed with each of the stakeholder experts during
a one-hour individual, in-depth qualitative interview. Ten professionals from private and
public organizations—five architects, one assets manager, one local government heritage
advisor, one central government policy advisor, one urban planner, and one building
services engineer were chosen through ‘convenience and snow ball” sampling [55] as rep-
resentative of the diverse stakeholders involved in a historic renovation [8,11,33]. Their
selection was based on the different disciplines, background, level of professional experi-
ence and involvement in the heritage conservation sector. All had experience with historic
conservation projects. The building is owned by the NZ public sector (the Wellington City
Council), so the assets manager represented the ownership stakeholders. As the building
has been unoccupied since 2018, occupants were not able to be interviewed.

The illustrated overview of the existing building and images of possible retrofit
measures were provided first to the interviewee. They were then shown the model results
as graphs (see Section 5), for thermal comfort, energy use, LCCA and LCC. Each was then
asked a number of qualitative questions about the importance of applying the retrofit
criteria and methods found in the international literature [10]; the practicality of adopting
retrofit guidelines and appropriate methods; as well as challenges specific to NZ. The
final questions investigated their thoughts on the heritage impact of the proposed retrofit
measures and how conservation values influenced their decision-making.

Summary of Findings

The content from interviews was transcribed and grouped using thematic analysis,
a widely-used qualitative method within psychology that reports on themes and also
interprets different aspects of the research topic [56]. The content analysis, which was
interpreted by triangulation with literature findings, identified four credible broad themes:

1.  Experts’ understanding of heritage impacts and possible trade-offs;

2. Links between the heritage assessments, the ICOMOS charters and principles,
3. Experts’ knowledge of the multiple assessment criteria and methods, and

4. Main challenges before implementing guidelines through policy or practice.

Table 2 provides a summary of the main findings, with the four themes in the rows.

In terms of heritage impacts, retrofit Option F (whole house insulation with CWI
R2.8) (see Table 1), which combined the CWI and double-glazing was considered by the
experts as the preferred balanced solution for this building, offering the best cost-benefit
with measures that would have an acceptable level of heritage impact. Despite moderate
significance of the wall lining in the conservation plan [49], the experts considered that
plasterboard was a “‘modern material’ compared to other historic fabric (e.g., external
weatherboards), and therefore, an acceptable trade-off considering the broader outcomes
of the house retrofit. Interviewee 2 said about the house, “Its character is no longer a 1900s
cottage, plasterboard is a fair game because you have to change it out for modern that looks
the same, hence all the trim still fit and you haven’t really lost anything”. However, there
was no consensus on the impact of double-glazing, with some stakeholders preferring the
less invasive, but still energy efficiency improving, option of draughtproofing and lined
curtains. Interviewee 6 noted the final choice “is down to cost—if money is no object to
double glazing. If money is a problem you draughtproof with curtains”.
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Table 2. Summary of interview findings.

Main Findings

Heritage impact
assessment and
possible trade-offs

Preferred improving
whole house insulation
with reduced
airtightness (Option F)
due to cost-benefits and
lower heritage impact
compared to Options G,

Internal wall insulation
solution raised
concerns about final
reduced footprint and
issues with
moisture control.

Five out of ten experts
said that
double-glazing would
be reasonable and
would incur in small
modifications if costs
are not prohibitive.

Trade-offs (e.g., loss of
existing plasterboard)
were acceptable for
broader
outcomes—improved
thermal comfort and
reduced carbon

H,and L. emissions.
Option F required less
Due to the preference - Some accepted P d
Existing plasterboard - intervention than
on CWI opposed to solutions are not .
. trade-off was accepted . Options, G, Hand I
. IWI, the visual . reversible but they .
Conservation . considering the overall according to
. . appearance importance . > were accepted as long .
principles o heritage significance S conservation experts,
was highlighted . : - as maintaining the . S
. instead of single fabric - following the principle
compared to material L 9 existing character .
L material significance. of minimum
authenticity and appearance. . .
intervention.
Investment cost was
Experts revealed that The analysis of

Assessment criteria
and methods

Criteria and methods
used for this
investigation were
positively received and
approved by
all experts.

considered an
important aspect,
because the final results
for LCCA and LCC do
not duplicate when the
investment duplicates
(e.g., difference
between F and H
scenarios).

looking on LCA results
“was really helpful” to
understand the scale of
differences between
embodied and
operational phases
influencing their
decision-making.

embodied carbon of
insulation materials
could influence in
changes in the market
and in the use of low
embodied carbon
materials (e.g., more
use of wood fiber).

Challenges and
opportunities

Public agencies (e.g.,
HNZPT) could have
guidance documents as
many people use them
for advice.

All agreed that a
straightforward guide
with clear procedures
for required
assessments and
outcomes would be
very useful.

Lack of practice on
secondary glazing
described by experts
confirmed the lack on
guidance material and
specific training.
Investment cost can be
a barrier in practice for
clients, landlords,
investors and even for
getting
resource consent.

General lack of
understanding of use of
different ventilation
systems by users and
some professionals in
industry.

Weak understanding of
consequences and
effects of artificial
systems on the
building fabric.

Barrier for introducing
new materials due to
compliance testing and
less demand in
industry.

Both historic
conservation and
building
performance—are
disconnected creating
an insecurity
environment.

The experts felt the broader outcomes achieved with the energy retrofit and the overall
heritage significance assessment, instead of focusing solely on material authenticity may
allow trade-offs and the use of measures that are not reversible. When considered with
the test of authenticity recommended in the World Heritage Operational Guidelines (see
Section 3), this may create possibilities beyond a simplistic physical and material focus.
The interviews also revealed the main conservation points of concern were still related to
visual, spatial and material impacts, aligning to EN 16883:2017 that looks at these three
aspects together in order to assess the heritage significance impacts.

The existence of a CMP describing the historic house significance which was not lim-
ited to the architectural significance but also considered historic and social values, enabled
this overall assessment. The existing overall authenticity of fabric gives opportunity for
modifications, following the Burra Charter principles of “changing as much as necessary
but as little as possible” with “appropriate use of modern techniques in some circumstances
when there are substantial conservation benefits” [39]. In this case the benefits enabled the
use of the house for over 100 years. In many similar NZ timber-frame houses, this solution
may also be accepted, but all the conservation architects noted it is always a case-by-case
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analysis. This again stresses the importance of the CMP coverage in heritage significance
assessment and renovation implementation.

For the last two themes identified in the interviews, all experts confirmed the rele-
vance of international guidelines” assessment criteria, but added seismic requirements as
an essential part of NZ assessments, as well as moisture checks. The lack of a hygrothermal
analysis coupled with a deep energy retrofit (insulation, airtightness and ventilation levels)
raised the experts’ concerns of the compatibility of insulated components with existing
fabric. Both European and American guidelines require a hygrothermal analysis as part of
an assessment. However, when asked about different ventilation systems, there was uncer-
tainty about the pros and cons of their use. Most of the conservation professionals would
rely on natural ventilation in most rooms and extraction fans in bathrooms and kitchens.

As was expected, energy, carbon and LCC assessments are seldom applied in reno-
vation projects in NZ and conservation architects have little or no experience with tools
for energy and carbon analysis, and especially from the conservation practitioner’s side
there is a great concern on who to rely on specialized advice. Most of them considered
that if carbon caps become mandatory for existing buildings, procedures and methods for
calculation should be recommended for a standardization and comparison.

Ultimately, the experts felt that having specific guidelines for NZ showing clear
procedures and methods for assessing proposed retrofit solutions would be of benefit, and
that governmental agencies would be the best source for this kind of information because
they are considered to be widely used, reliable sources. The experts also mentioned
the Building Research Association of New Zealand (BRANZ) could be responsible for
developing technical guidance on energy retrofit of historic buildings. NZ timber-frame
constructions, unlike European historic timber-frame buildings which are often earth
infilled, require different guidance information.

7. Conclusions

This case study of a theoretical retrofit of typical historic NZ timber-frame house,
using mixed method of quantitative assessments and qualitative interviews, confirmed the
lack of energy retrofit policies and practice. The interviews highlighted both the national
and stakeholders’ requirement for appropriate guidelines for renovation projects that deal
both with conservation and technical aspects of typical constructions. All professionals
agreed that adopting country-specific guidelines would benefit practice.

Despite the great interest expressed by the ten interviewed experts on adopting
guidelines for energy retrofit, there was a concern from conservation professionals due
to the New Zealand building sector’s overall lack of knowledge of historic buildings’
performance. The experts worried that some improvements may lead to future negative
consequences, such as unforeseen moisture decay of existing fabric. For this reason, the
experts also felt that regardless the existence of international documentation or guidance
material, there was a need to test and experiment locally in order to have strong supporting
evidence for proposed retrofit recommendations that would meet New Zealand’s unique
climatic, seismic, materials and construction issues. Therefore, beyond developing policies
for historic buildings energy retrofit it would be of benefit having more examples (e.g.,
practice database) including pre- and post-retrofit monitoring results for energy use, air
quality, temperature, humidity, hygrothermal properties of materials, etc., so as to build a
better knowledge for the building sector, creating more confidence for everyday practice.

The experts unanimously agreed such analysis of balancing heritage values and
energy upgrades will be shortly needed to meet increasing requirements for reduced GHG
emission, but crucial gaps including a lack of skills and education in both the energy and
building conservation fields need to be addressed. Life cycle analysis (LCA) will routinely
become part of building construction and renovation assessments, as is already being
proposed for new buildings. Therefore, both will need an extra level of skills training
and appropriate research to address the many uncertainties and to reduce the current
insecurity environment.
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Regarding heritage significance and LCA assessments, the findings show both assess-
ments are essential in the decision-making process but have practical challenges though.
The contribution of a comprehensive CMP is critical for heritage assessment, and it should
be recommended as a method in guidelines. The renovation impacts should be compared
with the list of significant values stated in the CMP, and in the case of historic places
without a developed conservation plan the three aspects proposed in the EN 16883:2017
(e.g., material, visual and spatial impacts) should be assessed to mitigate highly impact
solutions. Provisions regarding climate change and contemporary values such as sustain-
ability should be in near future incorporated into reviews of CMP as a way of managing
change, mitigating risks and facilitating the initial steps on the retrofit process. In addition,
historic buildings without a CMP should have a significance assessment as a prior step.

The LCA was described as a beneficial assisting tool to promote better quality (e.g., low
embodied carbon) and longer-lasting materials, as well as reducing investment cost bar-
riers in the case of long-term benefits. The LCA graphs presented to interviewees were
noted as helpful for decision-making; however, most of the professionals had little or no
experience with these tools and methods. It would be of benefit if energy retrofit policies
referred to country-specific indicative databases or simplified tools (e.g., including only
significant phases for retrofits) to easily allow training and practice. Retrofit guidelines
should reference standardized methods to allow comparisons for all assessment criteria
(e.g., energy, carbon, cost, heritage significance), and more guidance and training in tools
such as LCA, hygrothermal compatibility and heritage impact assessment will be required
as they are the key instruments and opportunities to avoid inappropriate or wrong historic
renovations decisions.

The results from assessments indicated that future policies for retrofitting historic
buildings should consider the benefits from a deep retrofit approach, as compared to the
smaller benefits from selecting only a single option. The deep retrofit analysis with mea-
sures such as envelope insulation, airtightness and ventilation systems should help avoid
future (for example) moisture problems which are possible even with compatible materials.

It is also recommended that historic buildings should not be exempt from energy
efficiency requirements, but policies should allow flexible targets, even if by little improve-
ments. A key finding from a conservation perspective was that there is no one solution
fits all as it is a case-by-case values-based assessment. However, energy retrofit guidelines
from a policy and practice perspective are important to help achieving climate change
targets and allowing good practice by avoiding simplistic choices of standard solutions,
and possibly long-term risks being created.
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