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the Faculty of Engineering and the Environment at the University of Southampton, UK and 
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His research interests include ‘big’ data-driven analysis of habitual energy and water 
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science data in support of socio-technical innovation. 

He is currently an EU H2020 funded Marie Skłodowska-Curie Global Fellow and will be 
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Internationally recognised policy expert in climate change, energy, and carbon pricing. 

Over 16 years of experience, including providing analysis and advice to developed and 
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management. Career highlights include leading the International Energy Agency’s 

Environment and Climate Change Unit and working with New Zealand government 

Ministers of Energy and Climate Change. 

Dr Laura Watts 

Interdisciplinary Senior Lecturer in Energy & Society, University of Edinburgh 

Laura Watts is a writer, poet, and ethnographer of futures, whose research explores the 

effect of 'edge' landscapes on how the future is imagined and made. For the past decade 

she has collaborated in the Orkney islands, Scotland, on how energy futures can be made 

otherwise. Her latest book "Energy at the End of the World: an Orkney Islands Saga" is 

being published by MIT Press. She is co-author of "Ebban an' Flowan", a poetic primer to 

marine energy, and in 2017 she won the International Cultural Innovation Prize with the 

Reconstrained Design Group for a community-built energy storage device designed from 

scrap. 
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1. KEYNOTE: ON FUTURE'S EDGE: TALES FROM THE SMART ENERGY ISLANDS OF 
ORKNEY 

 
Author: Dr Laura Watts 
 
Authors Affiliations: University of Edinburgh 
 
I've spent the last decade collaborating with communities and companies at the edge, in the 
islands of Orkney off the northeast coast of Scotland. Here at the geographic periphery, they've 
been a beacon for energy futures for thirty years, as a global centre for wave and tide energy, to 
leading the energy transition by generating over 120% of their electricity needs from their own 
wind-blown local renewable energy. The geographic edge is often also the leading edge of 
innovation, particularly for environmental and energy change. It is to the edge that we can look 
for our energy futures. But edges are landscapes often woven deep with people, places, stories, 
and things. This talk will explore some of those energetic depths from living and researching on 
future's edge. 
 

2. UNDERSTANDING THE ENERGY CULTURES OF TONGAN HOUSEHOLDS: 
IMPLICATIONS FOR EFFECTIVE ENERGY EFFICIENCY POLICY 

 
Authors: Kakau Foliaki, Dr. Janet Stephenson, Dr. Ben Anderson and *Dr. Patrick Vakaoti 
 
Authors Affiliations: Centre for Sustainability, University of Otago, *Sociology, Gender Studies and 
Criminology, University of Otago 
 
Energy efficiency is a low-cost strategy for mitigating global warming while helping reduce energy 
costs for households and assisting with energy security. The government of Tonga has recently 
developed its 10-year Energy Efficiency Master Plan and policy on minimum energy performance 
standards and labelling, as well as awareness campaigns and financial incentives which have 
succeeded to some degree in promoting energy efficiency. However the residential sector, which 
is one of the biggest energy consumer nationally, tends to revert to energy inefficient habits, 
failing to adopt energy efficient technologies and practices in the long term, despite the proved 
environmental, social and economic benefits.  I hypothesise that this is because policy approaches 
are typically adopted from western nations and not designed around Tongan households’ 
behaviour, attitudes and beliefs. The research draws on the energy cultures framework (ECF) 
which offers a structured way to examine the relationships between cultural characteristics and 
energy-related outcomes. I introduce the ECF and outline the preliminary findings from field 
research with Tongan households undertaken in August, 2019.  The research involved interviews, 
household surveys and time-use diaries which together explored the ECF key variables; (i) 
material culture (e.g. appliances) (ii) energy practices (e.g. cooking routines), (iii) social norms 
(e.g. traditions, beliefs, values) and (iv) external factors (government taxes, policies, fuel prices 
etc.).   The research ultimately aims to provide a better understanding of energy behaviour in 
Tongan households in order to reveal barriers to efficiency and help develop culturally relevant 
policies for improving energy efficiency in Tonga. 
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3.  HOW MUCH DOES A NEARLY ZERO-ENERGY BUILDING (NZEB) HOUSING STOCK 
COST? A CASE STUDY IN MULTI-PROPERTY APARTMENT BUILDINGS IN BARCELONA 

 
Author: Mariona Alcaraz-Corbella 
 
Authors affiliations: Visiting PhD student in the University of Otago’s Centre for Sustainability 
 
In the coming decades, massive energy-efficiency intervention in the existing housing stock (75-
90% in Europe) is needed to achieve Paris Climate Agreement targets. By doing so a great and 
divers amount of uninformed population is going to be unavoidably involved. 
The research is based on the hypothesis that the lack of consideration of energy-related norms 
and practices of tenants and householders as target interventions has a detrimental effect on the 
costs to pursuit a nearly Zero-Energy Building (nZEB) housing standard.  
We conducted (1) a preliminary research on the external influences from a user point of view of 
an energy building upgrade and the evaluation of participatory methodologies to diminish and 
reinforce them (based on literature reviews and expert interviews), (2) a 6 months field research 
in 12 multi-property apartment buildings inhabitants in Barcelona to understand their energy 
cultures (which include: surveys, time diaries, energy consumptions, workshops), and (3) an 
energy and cost simulation of a palette of nZEB interventions menus and the evaluation of the 
cultural attributes (practices, norms and other external influences) involved in each intervention. 
Preliminary results point out the relevance of different key factors and measures to facilitate the 
engagement of the population and to lower the costs of the interventions. Taken these into 
account, new solutions can be considered in the design of cost effective and tailored intervention 
roadmaps.   
 

4.  BALANCING THE ENERGY TRILEMMA: MODELLING THE NZ ELECTRICITY SYSTEM 
OUT TO 2050 

 

Author: Dr Jen Purdie, Grant Telfar  

Authors affiliations: Meridian Energy Ltd 
 

Rainfall is projected to get higher in the largest New Zealand hydro-electricity catchments over 

coming decades, and wind to get stronger over much of the country. The government is 

advocating 100% renewable electricity generation (or close to it) by 2035. What are the likely 

impacts of these changing conditions on the electricity system, and will we be able to continue 

to balance the energy trilemma of security of supply, sustainability, and moderate pricing? We 

use a complex, multi-nodal two phase optimisation and simulation model of the entire NZ power 

system (LPCon) to model the impact of various climate change scenarios on electricity supply and 

demand in NZ. We examine different scenarios of electrification of transport and industry, and 

changing demand profiles with changes to heating and ventilating load and irrigation load. We 

examine the impact of increases in the volume and volatility of hydro lake inflows, the changing 

seasonality of these inflows, and changes to the wind regime in New Zealand. We explore 
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multiple pathways to balancing the energy trilemma whilst achieving near- 100% renewable 

electricity generation. 
 

5.  DECARBONISING NZ’S ENERGY SYSTEM: MORE SUPPLY INFRASTRUCTURE OR 

MORE DEMAND FLEXIBILITY AND EFFICIENCY? 

 
Authors: Janet Stephenson1  and Michael Jack2  
 
Authors affiliations: 1Centre for Sustainability, 2Physics Department, University of Otago; 
 
To achieve its goals of net zero by 2050, NZ needs to rapidly transition transport and industrial 
heat from fossil fuels to renewable electricity. This will require doubling renewable electricity 
generation by 2050, and a shift away from reliance on non-renewable generation. Under a 
business-as-usual scenario that focuses on the supply side, a major barrier to realizing this 
transition is the high cost of additional (and largely underutilized) transmission and generation 
infrastructure required to cope with the peaks and troughs resulting from the need to meet 
increasingly variable demand with variable renewable generation. 
An alternate future for the electricity system is one which harnesses energy efficient buildings, 
householder and community aspirations, innovative technologies, and ICT and business models 
that link generation, storage and demand.  Together these have the potential to reduce overall 
demand and/or provide flexible energy services that shift consumption away from periods of 
peak demand, respond to variable supply from renewables and reduce load on constrained local 
networks.  We draw from research undertaken across Physics and the Centre for Sustainability 
which is starting to ‘size’ the potential for grid-edge innovations in flexibility and efficiency to 
assist with NZ’s low-carbon journey.  We discuss the kinds of alternative futures that might arise 
for NZ’s households and the electricity system more generally. 
 

6.  QUANTIFYING FIRM-LEVEL BARRIERS TO MORE EFFECTIVE PRIVATE SECTOR 

INVOLVEMENT IN THE TRANSITION TO LOW CARBON ENERGY SYSTEM  

 
Authors: Nathan Berg1, Sean Connelly2, Tsani Rakhmah3# 
 
Authors affiliations: 1School of Economics, University of Otago, 2,3School of Geography, University 
of Otago, #presenting author 
 
Despite the progressive investments on low carbon power generation, there remain sizeable 
shortfalls of investment flows into this sector due to barriers that exist within countries. Based 
on extensive survey and research interviews, our study seeks to measure the perceptions of 
barriers that influence low carbon investments (LCIs). First, we compare how decision makers in 
different types of organisations and geographic regions perceive the relative importance of 
potential barriers and enablers for LCI projects through an extensive survey. These measures are 
grouped into: (i) policy-, (ii) market-, and (iii) firm-level factors. Our empirical modelling and 
estimation results suggest that perceived barriers are more uniform at the firm level, and are 
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more divergent at the broader sociotechnical landscape level (e.g., policy- and market-level). 
Second, to empirically investigate how these risks are being played out in a greater detail than 
that provided by the survey questions, we conducted one-on-one semi-structured ethnographic 
interviews, drawing mostly from case studies in geothermal power supply projects. Relevant to 
the survey results, the interviews reveal that the problem of high-perceived risks (e.g., 
technological-, resource-, financial-risks) is significantly important for low carbon project 
developers. This paper discusses why policy mechanisms must be implemented 
comprehensively, not individually, if the barriers to LCI are to be addressed. It is crucial to better 
understand the perceived LCI barriers in a differentiated context given its implication in guiding 
the investments, which accumulatively will shape the LCI and emissions reduction trajectories.  
 
Acknowledgment: The survey data was provided by the Economic Research Institute for ASEAN 
and East Asia, headquartered in Jakarta, Indonesia. The data presented, the statements made, 
and the views expressed are solely the responsibility of the researchers. 
 

7.  A TOOL FOR IDENTIFICATION AND EVALUATION OF PUMP HYDRO ENERGY 
STORAGE OPPORTUNITIES 

 
Authors: Dougal McQueen 
 
Authors affiliations: Hyland McQueen Limited 
 
Pump Hydro Energy Storage has the potential to provide active energy storage with the lowest 
life-time costs and associated carbon emissions. However, the technology uses a 
geomorphological resource and has hydrologic and land use impacts. The Interim Climate Change 
Committee has highlighted the need to assess the potential and requirements for the technology 
in New Zealand. To assist this process an automated site identification and evaluation tool has 
been developed using a contour tracing algorithm nested inside a particle swarm optimiser. The 
tool is applied to the Onslow scheme and to identify quasi-optimal locations for three schemes 
in New Zealand using existing lower reservoirs. This process allows the exploration of scheme 
impacts and requirements.    
 

8. KEYNOTE: NEW ZEALAND'S 2030 EMISSIONS TARGET: POLICIES FOR THE 

TRANSITION 

 
Authors: Dr Christina Hood 
 
Authors affiliations: Climate Change and Energy Policy Consultant 
 
Under the Paris Agreement, New Zealand has committed to reduce GHG emissions to 30% below 

2005 levels by 2030. What combination of policies over the coming decade - including reform of 

the emissions trading system - could deliver these reductions, and set New Zealand squarely on 

a path toward net-zero emissions? 
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9.  CLIMATE LEADERS COALITION: CORPORATE SOCIAL RESPONSIBILITY FOR 

TRANSFORMATIVE CHANGE? 

Authors: Douglas Hill and Sean Connelly 

Authors affiliations: School of Geography, University of Otago 

As calls for action to address climate change increase, new forms of collaborative governance 
arrangements are emerging between governments, civil society and businesses.  For many NZ 
businesses, the increasingly central role of Corporate Social Responsibility (CSR) reflects 
recognition of how their significant resources and capacity can contribute to addressing complex 
global environmental problems.  However, CSR has also been critiqued for ‘greenwashing’ 
business-as-usual, or as a mechanism for private actors to advocate and shape public policy 
solutions for their benefit.  In 2018, the Climate Leaders Coalition (CLC) was launched to 
represent a network of NZ’s business leadership who have committed to measure, report, and 
reduce their greenhouse gas emissions in line with the Paris Agreement to limit global warming 
to 1.5C.  In 2019, the CLC recommitted to going beyond the Paris Agreement and to align with 
Government’s ambitions as reflected in the Zero Carbon Bill.  Thus far, over 120 businesses and 
organizations, representing 60 per cent of NZ’s gross emissions, have pledged to reduce their 
emissions and to work with their suppliers and the general public to support the transition to a 
low emission economy.  In this paper, we examine the commitments of the 13 founding CLC 
members to identify and analyse the actions and commitments they are taking to reduce 
emissions.  We raise questions about the role of CSR in transition to a low carbon economy, 
discuss diverse motivations for engagement and assess how these efforts shape broader 
discussions about the way transition is framed, what is being transitioned and who bears 
responsibility for action. 
 

10.  POLITICALLY FOUNDED, SCIENTIFICALLY GROUNDED: CAN NEW ZEALAND’S 
ACTION ON CLIMATE CHANGE BE IMPROVED?  

Authors: Eugene Kavale 

Authors affiliations: School of Geography, University of Otago 

Climate change has been addressed in New Zealand for a number of years, most recently with its 
commitment to the goals of the Paris Agreement and introduction of the Zero Carbon Bill. Even 
though a significant level of attention has been paid towards encouraging the government to act 
and produce relevant legislation, this should not undermine the fact that climate change is not a 
political phenomenon but a physical one. As such, a robust scientific understanding is essential 
to form the fundamental body of knowledge which underpins 1) predictions of future 
emissions/temperature scenarios, from which targets can be set and 2) the development and 
implementation of strategies to achieve these targets. A number of recent studies have identified 
deficiencies and, in some cases, alternatives to these two components. Firstly, the use of global 
warming potentials (GWP) for converting multiple emissions into CO2 equivalent (CO2-e) values 
has been shown to overestimate the warming impact of short-lived gases such as methane, which 
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has important implications for New Zealand due to the dominance of agriculture in its emissions 
profile. Secondly, the New Zealand Emissions Trading Scheme (NZ ETS) has received a range of 
criticism and suggestions for improvement ever since its conception, in particular the role of 
forestry. This paper seeks to review such issues and subsequently discuss their implications for 
New Zealand’s future. 
 

11.  THERE’S NO SUCH THING AS A FREE LUNCH. 

Authors: Pam McKinlay 

Author Affiliations: Dunedin School of Art; Art & Science Project; Dunedin EV Group 

Sponsorship is a powerful form of marketing. Sponsorship of the arts is a strategic attempt to 
legitimise companies’ activities and thereby gain social licence for continuing these activities – 
i.e. business as usual. Using BP as a case in point, its sponsorship has surpassed the days of 
applying its logo to things and become more calculated.  Its sponsorship page says “art gives a 
sense of who we are and where we’ve come from.” The arts are signifiers of culture. Art is 
abstract, social and political. The arts are drawn into the political arena through the strategic use 
of sponsorship. 
The petrochemical industries have funded significant institutions abroad, including the gems in 
the cultural crown of the GLAM Industry sector (galleries, libraries, archives, and museums). 
Overseas examples include The Smithsonian Museum, The British Museum, Royal Shakespeare 
Company, National Portrait and Tate Galleries. Artists have challenged such sponsorship in 
different ways. They have questioned whether the integrity of their work is compromised by 
support from those seen as being the cause of the current climate justice crisis. 
Recently this has given rise to the Culture Declares Emergency movement. Launched in April 2019 
the Tate Modern which has now it extricated itself from fossil fuel sponsorship in a public 
“divorce”. Acknowledging that the GLAM space is rife with extractive and colonial histories, 
Culture Declares Emergency aims to restore the balance to a place where culture can be used to 
reimagine our relationships to each other and the living planet. 
 

12.  CARBON DIOXIDE EMISSIONS FROM INTERNATIONAL AIR TRANSPORT OF 
PEOPLE AND FREIGHT 

Authors: Anna P. Tarr, Inga J. Smith, Craig J. Rodger 

Author Affiliations: Department of Physics, University of Otago 

 

Earth’s climate is impacted by greenhouse gas emissions from human activities such as the 

burning of fossil fuels by international transport of people and goods. However, quantifying 

international transport emissions is more difficult than might be initially assumed. If aviation 

were a country rather than a transport mode, it would be one of the ten highest CO2 emitting 

countries, accounting for over 2% of global emissions. 



11 
 

Despite this significant contribution to global emissions, international aviation and maritime 

greenhouse gas emissions were not liable under the Kyoto Protocol, and the Paris Agreement 

similarly side-stepped international transport emissions. The issue of apportioning responsibility 

to individual countries for international transport emissions is vexed, and calculating emissions 

for countries is complicated. Currently there are few international transport alternatives to fossil 

fuels available for water-locked countries.  

New Zealand is an isolated country, and depends heavily on aviation for transport of passengers 

and goods. In 2014 9.3% of the country’s GDP was supported by air transport and international 

visitors arriving by air, including jobs created by the air transport industry and international visitor 

spending. The University of Otago international transportation energy and climate impacts 

research team has calculated international transport greenhouse gas emissions for New Zealand, 

with papers published between 2009 and 2011. Last summer we updated the aviation portion of 

this research. In this talk we will present the changes in CO2 emissions, along with some of the 

factors that challenge New Zealand in reducing air transport emissions as an isolated country. 

 

13.  TRUMP VS. PARIS: THE IMPACT OF CLIMATE POLICY AND CLIMATE RISK ON US 

LISTED OIL AND GAS FIRM VALUATION 

 
Authors: Ivan Diaz-Rainey, Sebastian Gehricke, Helen Roberts and Renzhu Zhang 
 
Author Affiliations: Department of Accountancy and Finance, University of Otago 
 
We explore the stock market and option implied volatility impact in the oil and gas industry of 
four important recent policy events associated with the Paris Agreement and the election of 
Donald Trump. Our results show that the signing of the Paris Agreement had a large negative 
impact for the whole sector (CAAR -8.4%) with Oil & Gas Exploration and Production (CAAR -
12.1%) and Oil & Gas Drilling (CAAR -10.5%) most severely affected. In general, the Paris 
Agreement had a much stronger impact on firms that had US focused operations as distinct to 
US listed firms with international operations. We find that the ratification of the Paris Agreement 
by China and the US had limited impact. Contrary to expectations, the election of Donald Trump 
and the announced withdrawal of the US from the Paris Agreement did not have positive effects 
on the sector, in fact, they negatively affected some sub-sectors (transport and integrated). We 
attribute this to Trump’s policies supporting domestic production benefitting domestic unlisted 
independent producers at the expense of listed competitors with import and international assets. 
Overall, however, the impact of Paris would seem to have trumped Trump. 
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14. CONNECTING THE DOTS, AGAIN: CITIZEN ART 

 
Authors: Dr Bridie Lonie 
 
Authors affiliations: Dunedin School of Art, Otago Polytechnic; PhD graduate of the Department 
of History and Art History, University of Otago 
 
While artists can help to communicate the scientific data and processes of climate change, they 
can also help to integrate that knowledge by engaging emotion, affect and cognition in 
multicultural and inclusive environments where new knowledge is embedded through aesthetic 
responses and practical activities...This paper looks at how the week-long school holiday 
participatory exhibition Ōku Moana (My Oceans) held in Ōtepoti in 2018, facilitated 
understanding of the implications of climate change on the oceans and beyond. A breadth of 
scientific and artistic methodologies demonstrated the impact of ocean acidification on different 
species. Storytellers helped participants answer the question printed on the catalogue: “Here is 
the data: what does your faith tradition or cultural tradition tell you to do with it?”  
The project’s grounding in a familiar place and its performance-based, storytelling approach were 
designed to help children, their parents and other participants to “connect the dots” of climate 
change in their own location, while gaining a deeper understanding of the scientific process. 
Because viewers implicitly accept that that art is personally relevant and holds cultural value, art 
events enable people to bring their own responses to significant social, cultural and 
environmental change. The conjunction of the delights and processes of science and the 
expressivity and beauty of artworks, with the addition of the odd electric car, are potent vehicles 
for normalizing the need for individual and social transformation.   
 

15.  “THE GRETA EFFECT”  

Authors: Bob Lloyd 

Authors affiliations: Raynbird Consultants 

Could the extraordinary performance of Greta Thunberg at the recent UN Climate Change 
conference in NY change my views re the possibility of tackling climate change at the global level.  
The talk will contradict the workshop theme that Energy Transitions at the Edge can cause CO2 
emissions to contract and that a far more radical shift in our economic and political system is 
needed. Greta Thunberg’s outburst to the UN meeting appears to me to be in the right direction 
but is her effort going to actually convince the world’s politicians to change direction towards a 
sustainable future given that the earth is now home to nearly 8 billion people? 
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16.  KEYNOTE: TWO YEARS IN THE GODZONE: SOME POSTCARDS ‘HOME’  

Authors: Dr Ben Anderson 

Authors affiliations: University of Southampton, UK and Visiting Research Fellow at the 

Centre for Sustainability  

This talk will reflect on two years spent researching energy transitions at the edge with the Otago 
Energy Centre and Otago’s Centre for Sustainability. 
 

17.  ENERGY CONSUMPTION OF SOFTWARE 

  
Authors: Jens Gröger 
 
Authors affiliations: Oeko-Institut (Berlin/Germany) 
 
When we talk about software, we often think of a product that is purely virtual and has no 
physical environmental impact. Reality is different.  Software has a measurable influence on the 
energy consumption of hardware and can contribute to hardware becoming prematurely due for 
replacement (obsolescence) because of increasing hardware consumption. In this session Jens 
Gröger will report from the research project "Sustainable Software Design (SSD)" where a 
methodological basis for determining the use of energy and hardware resources by software was 
developed and he will show some examples of comparing software products. 
In the research project that Oeko-Institut carried out together with the University of Applied 
Sciences Trier and the University of Zurich an impact model was developed that shows the link 
between the use of software and the energy consumption and the use of hardware. An 
evaluation methodology assigning software properties to the impact areas of resource efficiency, 
potential useful life of hardware and autonomy of use was developed. Furthermore, a catalogue 
of criteria with a total of 25 criteria and 76 indicators for assessing the environmental impact of 
software products was drawn up. 
Several case studies (two word processing programs, three internet browsers, three content 
management systems, three database systems) show that the evaluation method and the criteria 
developed are applicable in practice, and reveal relevant differences of software products with 
the same functionality. 
 

18.  AN EXPLORATION OF STATISTICAL MODELS FOR FORECASTING HOT WATER 
ELECTRICITY DEMAND  

 
Author: Rafferty Parker, Dr Michael Jack 

Author affiliation:  Department of Physics, University of Otago 

Electricity demand by consumers varies significantly over time and is usually met by varying 
electricity supply. A significant increase of renewable energy in the electricity grid impacts the 
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ability to vary electricity supply to meet demand. Demand side management (DSM) instead seeks 
to vary demand to meet supply. Domestic electric water heaters are ubiquitous in many countries 
around the world, and as a large deferrable load may play a significant role in DSM. In order to 
fully realise this potential, the ability to accurately predict their usage is necessary. In this work, 
we use time-series data obtained from monitoring 40 residential houses to explore a variety of 
statistical models for the purpose of hot water electricity demand forecasting. Models are 
broadly separated into continuous and discrete, with most utilising some variation of a seasonal 
autoregressive integrated moving average (ARIMA). Continuous models are fitted to electricity 
demand that has been averaged over half-hour periods, which provides a smoothing effect. 
Discrete models are fitted to 1 minute averaged hot water electricity demand, with some variant 
of logistic regression utilised to mimic the discrete on/off nature of hot water cylinder elements. 
We explore the use of electricity demand from other household appliances as a predictor 
variable, as many houses show significant correlation between electricity use of other appliances 
and future hot water electricity use. Models are compared against each other using the following 
criteria: (i) predictive accuracy, (ii) computational expense, (iii) fidelity to the physical process, 
and (iii) interpretability. 
 

19.  SMALL SCALE DISTRIBUTED WIND: THE THINAIR TURBINE AS A CASE STUDY OF 

THE TECHNICAL AND COMMERCIAL CHALLENGES OF INTRODUCING AN 

INNOVATIVE RENEWABLE GENERATION OPTION. 

 
Authors: Bill Currie1, Sarah Wakes2 
 
Authors Affiliations: 1Powerhouse Wind Ltd, 2University of Otago 
 
Powerhouse Wind have developed a 2.5 kW wind turbine for distributed generation applications. 
The Thinair product system has been designed from the ground up to be an appliance like product 
that combines high technical performance with the potential for economic manufacture, 
reliability and long term maintenance and servicing. The aim is to position Thinair as a viable 
complement for solar PV in distributed energy situations with the aim of making possible houses 
and sites that are net zero energy in all weathers and  seasons. 
The first part of this presentation will review some highlights of the technical development 
particularly around aerodynamic performance where we have had some invaluable assistance 
from the University of Otago, and the design for manufacturability where the Otago Polytech 
assisted the project very significantly.  
The second part will discuss the process we have been following aiming to establish a sustainable 
commercial business and the pitfalls and challenges that we have encountered. We believe we 
have an innovative and effective solution that can be part of a rethought energy system, but so 
far it is proving easier to find good wishes, and predictions of future success than people and 
organisations willing to commit resources now to experiments that just might achieve a small 
step towards an enhancement to our conventional energy solutions.  
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20.  EXPERIMENTAL INVESTIGATION OF LABORATORY-SCALE THERMOCHEMICAL 

HEAT STORAGE SYSTEMS 

 
Authors: Cem Akcaoglu1, Louis Cordier1, Raphael Carnet1, Zhifa Sun1*, Stephen Moratti2 
 
Authors affiliations: 1Department of Physics, University of Otago, 2Department of Chemistry, 
University of Otago, *Corresponding Author: Zhifa Sun 
 
Thermochemical heat storage systems (THHS) can store heat in summer and provide space 
heating for households in winter, without major heat storage loss. THSS have potential to control 
both temperature and humidity of residential houses, aiding to tackle dampness in the house. 
To investigate the potential of the THSS in New Zealand, environment friendly, non-toxic and 
harmless materials were selected. In order to solve the problem of a large pressure drop of moist 
air passing through fixed bed reactors, stainless steel tubes of 8mm in diameter and 50mm in 
length were filled with strontium bromide and installed with in-line and staggered layouts in 
reactors respectively. Hydration and dehydration cycles were carried out to test the operation of 
these tube-type reactors, under different hydration/dehydration temperatures. 
In order to enhance the heat storage capacity and reaction kinetics, composite pellets were 
prepared with the mixture of strontium bromide, magnesium sulphate, activated carbon and 
expanded natural graphite. All samples were thermally characterized using thermogravimetric 
(TGA) and differential scanning calorimetry (DSC) techniques throughout the cyclic tests. A fixed 
bed reactor was filled with composite pellets and went through cyclic tests at different flow rates, 
temperature and humidity settings. 
More than 1000J/g (0.52 GJ m-3) energy storage capacity has been achieved without any change 
at the chemical features of the salt hydrates over the cyclic tests. 
 

21.   THE ROLE OF BICARBONATE IN LIMITING DAMAGE TO PHOTOSYSTEM II  

 
Authors: Jack Forsman 
 
Authors affiliations: Department of Biochemistry, University of Otago 
 
Photosystem II (PS II) is a photosynthetic protein complex which converts light to chemical energy 
through the oxidation of water and the reduction of plastoquinone. Studying this natural system 
of solar energy capture can benefit the development of solar energy. The oxidation of water 
requires powerful oxidizing and reducing agents and results in the production of oxygen. This can 
lead to the formation of damaging reactive oxygen species (ROS), particularly when PS II is turning 
over rapidly in high light conditions. The DE loop of the D1 subunit is the most frequently 
damaged region of PS II. The DE loop lies on the surface of PS II above a non-heme iron (NHI). 
The NHI is bound by a bicarbonate ligand which appears to interact with residues in the DE loop. 
This bicarbonate ligand facilitates rapid electron/proton transfer between two proximal redox 
cofactors in PS II. Targeted point mutations in the DE loop appear to increase the mobility of the 
DE loop, exposing the bicarbonate to the cytosol. Indirect measurements of PS II activity suggest 
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that increased mobility of the DE loop facilitates the dissociation of the bicarbonate ligand to the 
NHI. These results led to the postulation of a ‘molecular fuse’ hypothesis. This hypothesis 
suggests high light conditions cause damage to the DE loop, leading to increased DE loop mobility. 
This is suggested to allow dissociation of the bicarbonate ligand, reducing PS II activity, by slowing 
electron/proton transfer, and therefore reducing ROS production, limiting further damage to PS 
II. 
 

22.  MULTI-SECTOR AND MULTIDISCIPLINARY ENDEAVOUR TO DEVELOP KEY POLICY 

RECOMMENDATIONS FOR INCREASING ACTIVE TRANSPORT IN NEW ZEALAND  

 
Author: Sandra Mandic1, Andrew Jackson2, John Lieswyn3, Jennifer S Mindell4, Enrique García 
Bengoechea5, John C Spence6, Ben Wooliscroft1, Celia Wade-Brown7, Kirsten Coppell1, Erica 
Hinckson8 
 
Affiliations: 1University of Otago, Dunedin, New Zealand; 2Consulting Jackson Ltd, Wellington, 
New Zealand; 3ViaStrada, Christchurch, New Zealand; 4UCL (University College London), London, 
United Kingdom; 5University of Limerick, Limerick, Ireland; 6University of Alberta, Edmonton, 
Canada; 7Living Streets Aotearoa, Wellington, New Zealand; 8Auckland University of Technology, 
Auckland, New Zealand 
 
Background: Despite national-level initiatives to encourage active transport (AT) in New Zealand 
(NZ) since 2005, rates of AT have continued to decline in most parts of the country, with negative 
impacts on health and the environment. This presentation describes the development of key 
policy recommendations for increasing AT in NZ.  
Methods: As part of the Active Living and Environment Symposium (TALES) 2019, a non-
government multidisciplinary and cross-sector working group was established who worked with 
TALES delegates to develop AT policy recommendations. The process involved a cross-sector 
collaborative effort; an inclusive approach; the development, categorisation, and 
ranking/filtering of recommendations; and oral and written dissemination of the 
recommendations nationally. 
Results: Thirteen policy recommendations (and 39 associated actions) included making a 
national-level commitment to change; establishing a nationally coordinated and funded 
programme of education and promotion of AT; making a commitment to design cities for people, 
not cars; and developing a regulatory system that encourages AT.  National targets for walking 
(25%), cycling (15%) and public transport (15%) by 2050 were recommended.  The 
recommendations align with the current NZ government’s increased focus on wellbeing, walking, 
cycling, public transport and the Vision Zero approach. 
Conclusions: This cross-sector effort resulted in a set of recommendations designed to stimulate 
the development of a new AT strategy for NZ; prompt setting of targets and monitoring 
progress/outcomes; and inform NZ’s response to the World Health Organisation’s Global Action 
Plan on Physical Activity 2018-2030. The recommendations themselves are specific to NZ. 
However, the process used is generalisable to other fields/countries/cultures/times. 
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POSTER PRESENTATIONS: 

 

23. CLIMATE SAFE HOUSING: BUILDING BETTER FOR CLIMATE JUSTICE  

 

Authors: Scott Willis1, Renee Gordon1, Tess Rushton1, Cisse Van Meervenne2, Martin Kean3 
 
Authors affiliations: 1Blueskin Resilient Communities Trust, 2Artevelde University College, Ghent, 
3Otago Polytechnic 
 
Our stable climate is no longer. We have entered uncharted territory, and we are struggling to 
know how to adapt. The Climate Safe House project is a flax-roots solution for climate justice.  
In September 2019 Arotakenga Huringa Āhuarangi: A Framework for the National Climate Change 
Risk Assessment for Aotearoa New Zealand was released. It’s the first step towards producing a 
National Climate Change Risk Assessment. At the same time climate ghettos, comprised of low 
cost, low quality homes in low-lying areas occupied by the least well-off are emerging. Climate 
change brings with it deep uncertainty and increasing complexity. BRCT has been creating local 
climate solutions since 2008. In 2019 BRCT partnered with Otago Polytechnic to build NZ’s first 
climate safe house at the Home & Living Show on the 2nd – 3rd of November 2019. 
The Climate Safe House project is an essential socio-technical experiment. It's a new, climate-
safe eco-home for a vulnerable household affected by severe flooding. It will connect to the local 
peer-to-peer network. And it will provide a climate justice policy template for local, regional and 
central government. More than 40 sponsors have contributed over $200, 000 of materials and 
services. The Climate Safe House story is a story of collaborative effort and a model that can scale 
up as a blueprint to address the housing crisis, the climate crisis and the clean-tech transition. 
This presentation uncovers the complexity of flax-roots adaptation and the challenges we have 
had to overcome to build NZ’s first climate safe house. 
 

24. CHARACTERISING MICRO AND NANOPATTERNED SURFACES FOR ANTI-ICING 
APPLICATIONS 

 

Authors: Helen Prime, Sam Lowrey, Richard Blaikie, Zhifa Sun 
 
Authors affiliations: Department of Physics, University of Otago 

 
Ice formation on surfaces reduces energy generation and conversion efficiency in many different 
applications, including solar panels, refrigeration and wind turbines [1]. Wind turbines with iced 
blades have reduced aerodynamic efficiency and thus the power generated is reduced [2]. 
Frosting on heat exchangers (used in Heating, Ventilation, Air Conditioning and Refrigeration 
[HVAC&R]) increases thermal resistance, reducing efficiency and thus increasing energy use. 
Hydrophobic (water repellent) coatings are commercially available, which delay ice formation, 
however these coatings can wear quickly [3]. 
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We focus on two aspects of ice formation: Superhydrophobicity (extreme water repellence) and 
ice adhesion. Through the development of periodic, aluminium hierarchical structures (nano-
structures deposited on micro-structures) we aim to achieve superior properties in terms of 
hydrophobicity and endurance.  
Here we describe the development of the equipment used to measure anti-icing properties of 
these hierarchical structures including: 1) an optical interferometer that will be used to measure 
local heat and mass transfer rates and; 2) a testing system for measuring the ice adhesion 
strength of ice columns formed on the microstructures. Additionally, preliminary surface wetting 
and ice adhesion results will be presented for aluminium microstructures, which are compared 
with a polished aluminium control surface.  
 
[1] Cunjing Lv, Xiwen Zhang, Fenglei Niu, Feng He, and Pengfei Hao. From initial nucleation to 
Cassie-Baxter state of condensed droplets on nanotextured superhydrophobic surfaces. Scientific 
Reports, 02 2017. 
[2] Neda Dalili, A Edrisy, and Rupp Carriveau. A review of surface engineering issues critical to 
wind turbine performance. Renewable and Sustainable Energy Reviews, 02 2009. 
[3] Olivier Parent and Adrian Ilinca. Anti-icing and de-icing techniques for wind turbines: Critical 
review. Cold Regions Science and Technology - COLD REG SCI TECHNOL, 01 2011. 
 

25. COMPUTATIONAL FLUID DYNAMICS (CFD) ANALYSIS OF DOMESTIC HEAT STORAGE 
SYSTEMS  

 

Authors: Duncan Thomas1, Cem Akcaoglu1, Zhifa Sun1*, Stephen Moratti2 

 
Authors affiliations: 1Department of Physics, University of Otago, 2Department of Chemistry, 
University of Otago, *Corresponding Author: Zhifa Sun 

 
The objective of this study was to model thermochemical heat storage systems (THSS) which can 
be employed to minimize fossil fuel demand and reduce GHG emissions. Employing the Ansys 
Fluent software, we have developed several thermochemical reactor models. The heat and mass 
transfer characteristics of thermochemical materials and interactions between thermochemical 
materials and moist air were investigated using the reactor models. The effects of energy density, 
porosity, and permeability of thermochemical materials on the performance of THSS were 
studied. A feasibility analysis was also carried out to investigate the seasonal solar energy storage 
potential in New Zealand. 
 

26. CHARACTERIZATION AND MANUFACTURING COMPOSITE PELLETS FOR 
THERMOCHEMICAL HEAT STORAGE SYSTEMS  

 

Authors: Zoe Louyot1, Cem Akcaoglu1, Zhifa Sun1*, Stephen Moratti2 
 
Authors affiliations: 1Department of Physics, University of Otago, 2Department of Chemistry, 
University of Otago, *Corresponding Author: Zhifa Sun 
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More than 40% of electricity used by NZ households was for heating needs in 2018 and 32% of 
the all generated electricity was consumed by residential (Electricity Authority, 2018) 
Thermochemical heat storage (THS) is a promising way to reduce electricity consumption for 
households in an environment friendly way. Solar or industrial waste heat over 70˚C can be 
stored with thermochemical heat storage systems. 
Salt hydrates can be utilized as THS media. They can release or absorb heat during hydration or 
dehydration reactions. In order to investigate optimum design of thermochemical heat storage 
systems, we have made more than 20 composite pellets using following chemical materials: 

 Activated carbon, amberlysts, expanded natural graphite and molecular sieves for 
enhancing the mass diffusivity, thermal conductivity and reaction kinetics of the 
composite pellets. 

 Celite, nanoclay, fumed silica, and magnesium trisilicate for enhancing structural strength 
of the composite pellets. 

Composite pellets were manufactured by mixing these materials with different mass ratios and 
an applied pressure of 5.2 kN/mm2. The composite pellets made were thermally characterized 
using differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) before and 
after each of the two hydration (at 85˚C, 5% relative humidity) and dehydration (at 20˚C, 80% 
relative humidity) cyclic tests. Promising 
composite pellets with higher porosity, thermal conductivity, permeability and higher hydration 
and dehydration rates were identified. 
 

27. ECONOMIC ASSESSMENT OF THE DESULPHURISATION OF BIOGAS USING SEWAGE  

 

Authors: Jean Vassalli1, Oseweuba Valentine Okoro1, Zhifa Sun1* 
 
Authors affiliations: 1Department of Physics, University of Otago, *Corresponding Author: Zhifa 
Sun 

 
Over the past few decades, renewable energies have been developed to combat the depletion 
of non-renewable fossil resources and the resulting environmental damage. More recently, 
renewable energy generation via the methanization process has been identified as of significant 
interest due to its capability of generating sour (containing hydrogen sulphide, H2S) biogas using 
organics from agricultural, municipal or sewage treatment plants, as feedstocks. This sour biogas 
product must be purified. 
Once the biogas is purified via the removal of its toxic component of H2S, it can serve as an energy 
dense product for the generation of electricity and heat. To enable the purification of biogas, a 
new biological purification process has been developed. This proposed process employs sewage 
sludge containing sulphur oxidizing bacteria for the removal of H2S via its oxidation to elemental 
sulphur. 
This work seeks to verify that this proposed H2S process is inexpensive, compared to other 
existing H2S removal techniques. The economic assessment of this process is crucial to ensure its 
competitiveness, feasibility and thus serve as a basis for its future integration to large-scale 
systems. 
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28. MODELLING THE IMPACTS OF INCREASED SOUTHERN OCEAN FRESHWATER FLUXES IN 
CCSM4 

 

Authors: Inga J. Smith1, Andrew G. Pauling1,2, Cecilia M. Bitz2, Katherine Lilly1, Patricia J. 
Langhorne1, Christina L. Hulbe3 
 
Authors affiliations: 1Department of Physics, University of Otago, 2Department of Atmospheric 
Sciences, University of Washington, 3National School of Surveying, University of Otago 

 
To examine potential future impacts on sea ice area and feedback effects on climate (e.g., 

surface air temperatures in both hemispheres),  we ran three climate model scenarios of 

changes in outflow from Antarctic ice sheet and ice shelves in CCSM4 starting in 1980. We then 

ran two idealized experiments starting at 1850 for comparison. We chose to run from a base 

year of 1980, which we assumed to be when the Antarctic ice sheet was in mass balance, and 

then increased freshwater fluxes to give the approximate equivalent of 3 m of sea level rise 

over a 150 year period. Sea ice area behaviour “turned around” from increasing after 

approximately 78 years. Two shorter branched runs were carried out to test the persistence of 

the effects, one where the additional fresh water and latent heat effects were switched off and 

the other where the freshwater was held constant at the point where sea ice area behaviour 

“turned around”. Another two shorter runs were carried out, starting in 1850, with ramped 

freshwater and with latent heat effects included under historical greenhouse gas forcings and 

with greenhouse gas forcings held constant at 1850 levels, respectively. This was to separate 

out the effects of greenhouse gas forcings on the ramped freshwater and latent heat effects 

over long time periods.  

 

 
Presentations will be available on the OERC website shortly after the Symposium at: 
http://www.otago.ac.nz/oerc/symposia/  
 
Find out more about OERC at: http://www.otago.ac.nz/oerc/  
 
Watch the OERC Seminars on our YouTube channel: 
https://www.youtube.com/channel/UC9K_VzVKUSJr9FC2WSL9CYQ/videos  
 
Follow us on twitter: https://twitter.com/OERC_at_Otago  
 
For further enquiries please contact oercadmin@otago.ac.nz 
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