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1 Introduction 
The potential challenges in this area cover issues related to energy resources and 
waste management.   

Twenty six submissions were received from the science sector in these domains. 
These submissions have been grouped as shown in Table 1.   

Table 1: Summary of proposed challenges by grouping 

Entry 
Id 

Challenge 

Energy 

40 Due to New Zealand’s low density network of dwell ings the National Grid and town 

water supply have high transmission costs for electr ici ty and water  supply 

279 Keeping New Zealand’s electr ic i ty networks smart,  res i l ient and secure as the wor ld 

they power gets more complex and customers ’ expectations get  more sophist icated 

282 To develop new sol id-state thermoelectr ic mater ials  or  semiconductors with the goal  

of  minimum ef f ic iency of 30%. Doing so wil l  also enable New Zealand clean tech 

technology Thermagenz to become a wor ld game changer in the energy industry 

285 To explore the implications of instal l ing large numbers of a novel  design of  a 

domest ic hot water heat pump, which incorporates demand s ide management features 

and improved consumer controls , which has s igni f icant  environmental  and economic 

benef its 

320 Better Building Performance for Economic Growth 

334  A net-zero energy New Zealand at  household, community and nat ional  levels 

349 New Zealand Energy:  Secure, Sustainable, and Economical 

363 Economic local industr ial  and transportat ion fuels  

369 New Zealand needs a secure future electr ici ty system to support economic growth 

and the goal is to develop leading edge technologies to minimise New Zealand's 

dependence on f inite or at r isk energy sources 

385 The future of  (personal)  transport,  developing a solut ion that is sustainable 

393 Developing energy policy based on using non-fossi l  pr imary energy sources 

396 The Health & Wellbeing chal lenge 

401 Expanding the opportuni t ies for wise energy systems and use in New Zealand for  a 

future in a changing wor ld 

402 An automated, solar-powered, wireless,  remote survei l lance/data acquis it ion system. 

Includes, survei l lance,  f i re-  and earthquake-detection and remote access/control . 

Improves ef f ic iency of managing large remote land areas and optimizes water /energy 

usage 

403 Generating higher revenues,  ensur ing securi ty of  supply, and meeting industry and 
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Entry 
Id 

Challenge 

societal requirements through increased extract ion of  our geothermal energy, 

petroleum, mineral and groundwater resources,  whi lst minimising impacts on the 

environment 

413 Transforming New Zealand’s energy systems for  a sustainable future 

414 National  energy self -suf f iciency, def ined by a target  of  net  zero fossi l- fuel imports 

into New Zealand 

432 Energy Transformed — Fostering An Energy Transit ion For New Zealand -  To make 

New Zealand energy supply 100% renewable by 2030  

447 Energy and the environment 

457 Energy Futures: The chal lenge to New Zealand is to ensure that energy sources are 

opt imally ut i l ised to meet the nation’s unique needs for  the next  50 years in the 

context of i ts resources and environment 

471 Energy in New Zealand 

477 Energy Sel f-Suff ic iency 

Reducing waste 

53 To el iminate the landfi l ls  in New Zealand and make New Zealand100% pure 

57 To extract value f rom problemat ic organic waste streams, speci f ical ly farm dairy 

ef f luent. Generation of  dis tr ibuted renewable electr ici ty whilst s imultaneously and 

responsibly managing the negat ive environmental impacts of  intensi f icat ion of 

agr icul ture 

281 How do we get  smart about waste reduct ion 

303 Reduct ion of waste plastic  to landfi l l .   Currently, there is a large component of waste 

plastic  that cannot be recycled as i t  is poor quali ty or previously recycled.  

Technology is available to address this problem using plast ic to diesel technology 
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2 Energy 
The submissions in this group are shown with their underpinning themes in the table 
below. Each submission follows in full. 

Table 2: Summary of proposed challenges and themes 

Entry 
Id 

Challenge Themes 

40 Due to New Zealand has not  a 
high density network of 
dwel l ings the National Gr id and 
town water  supply have high 
cost of  electr ic i ty and water  
t ransmission 

1. Understanding of  the electr ici ty t ransmission cost  
in the New Zealand National  Grid due to our 
country has not  a high densi ty network of dwel l ings 

2. Understanding of  the town water t ransmission and 
distr ibution cost in New Zealand due to our country 
has not a high densi ty network of dwell ings 

3. Understanding the diversity of harvest ing of  solar 
and wind energy,  and rain water cross New 
Zealand 

279 Keeping New Zealand’s 
electr ici ty networks smart , 
res i l ient and secure as the 
wor ld they power gets more 
complex and customers’  
expectat ions get more 
sophist icated. 

1. Understanding how new customer behaviours are 
going to impact the power system New Zealand has 
bui l t  

2. Making decis ions about how to maintain and 
improve the New Zealand electr ici ty system as the 
wor ld i t  powers changes 

3. Using new technologies to manage the future 
power dis tr ibution system in a way that supports 
our desired l i festyle and economic growth 

282 To develop new sol id-state 
thermoelectr ic  materials or 
semiconductors with the goal  of  
minimum eff ic iency of 30%. 
Doing so wil l  also enable New 
Zealand c lean tech technology 
Thermagenz to become a wor ld 
game changer in the energy 
industry.  

 

1. Thermagenz is  a sol id-sate geothermal power 
generator  developed in New Zealand. We wil l  have 
a 1kw module instal led in Taupo late Feb 2013. We 
need to show in real  terms that  Thermagenz can 
produce gr id ready electr ici ty at less than NZD 
3mi l l ion per 1 Megawatt 

2. To prototype our commercial ly viable sol id-state 
thermoelectr ic  generator using current technology 

3. To continue the process of developing a whole new 
thermoelectr ic  material or semiconductor  
technology. This must solut ion must be very cost 
ef fect ive when compared to current Thermoelectr ic 
sol id-state devices 

4. To commercial ize the Energy eff iciency/recovery 
potential of Thermagenz for  Geothermal, Coal , 
Gas,  Solar  Thermal and Nuclear powerplant 

285 To explore the implications of 
instal l ing large numbers of a 
novel  design of a domestic hot 
water heat pump, which 
incorporates demand side 
management features and 
improved consumer controls;  
wi th signif icant  environmental 
and economic benefi ts. 

1. The goal is to design and manufacture ‘ in high 
volumes’ a more advanced HWHP that overcomes 
the disadvantages of current ly available HWHPs, 
and be considerably more cost-ef fect ive than solar 
water heat ing 

2. Understanding New Zealand Homeowners Apparent 
Reluctance to Adopt Housing-Sustainabil i ty 
Innovations  
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Entry 
Id 

Challenge Themes 

320 Better Building Performance for 
Economic Growth 

1. To invest igate and establ ish how performance 
improvements at the project  and f irm level  (e.g. 
profi tabi l i ty, customer sat isfaction, decreased 
waste, increased standardisation)  f low through into 
increased national productivity statist ics 

2. Identi fying barr iers and opportuni t ies for  
productivity improvement - To identify the barr iers 
to innovation and adoption of new smarter  
practices that wi l l  lead to increases in productivity 
in a sector dominated by smal l and medium 
enterpr ises 

3. Real ising productivity improvements - Application 
of  the knowledge and tools developed in this  
programme to real ise productivi ty gains in the two 
key construction centres of Auckland and 
Chr istchurch over the next f ive years 

334 A net-zero energy New Zealand 
at  household, community and 
nat ional  levels 

1. Understanding what determines identity, 
satisfaction and wellbeing provides a basis for 
pol icy and investment choices and behaviours that 
wi l l  achieve col lective net-zero non-renewable 
energy demand in our bui ldings, food,  transport  
and other act ivit ies. 

2. Understanding the energy costs of  food and f ibre 
production, s torage, transport, and export and 
meet ing the energy requirements of New Zealand’s 
food and f ibre systems from local resources 
wi thout losing the potential for exports . 

3. A demonstrat ion of integrated systems that  work 
wi th our exis t ing bui lding stock, that would enable 
that s tock of ear ly-mid 20th century houses and 
other bui ldings to be net-zero energy, alone and in 
functional residential communit ies and business 
centres 

4. Distr ibuted energy production, distr ibut ion and 
storage systems wi th the potential to increase the 
robustness of our exist ing energy production and 
distr ibution system, and to integrate alternative 
energy production into the exis t ing central ised 
system. 

349 New Zealand Energy:  Secure, 
Sustainable, and Economical 

1. 100% New Zealand Energy:   Al l  of the energy used 
in New Zealand is  produced in New Zealand 

2. 100% Renewable:  Al l  of  the energy used in New 
Zealand comes from renewable sources 

3. 100% New Zealand Green:  Al l  of  the energy 
produced in New Zealand is environmental ly 
sustainable 

4. 100% New Zealand Involvement:  Al l  New Zealand 
res idents use renewable, clean New Zealand 
energy 

363 Economic local industr ial  and 
t ransportation fuels  

1. Produce l iquid fuels f rom biomass 

2. Pur if ication of  l iquid fuels 
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Entry 
Id 

Challenge Themes 

369 New Zealand needs a secure 
future electr ic i ty system to 
support economic growth and 
the goal  is  to develop leading 
edge technologies to minimise 
New Zealand's dependence on 
f ini te or  at r isk energy sources. 

1. The goal is to develop electr ic i ty s torage 
technologies that enable bet ter demand 
management and reduce generation peaks 

2. The goal is to develop energy ef f ic iency and 
conservat ion technologies that lower energy 
demands 

3. The goal is to develop technologies that  enable 
vehicles to be operated wi th alternative fuels 

385 The future of  (personal)  
t ransport, developing a solut ion 
that is sustainable 

1. Assessment of  a sustainable electr ic car  platform 

2. Assessment of  a sustainable electr ic bicycle 
platform 

393 Developing energy policy based 
on using non-fossi l  pr imary 
energy sources 

1. Energy ef f iciency and recovery 

2. Safe and secure fossi l  fuels 

3. The renewables revolution 

4. Energy sector sk i l ls 

396 The Health & Wellbeing 
challenge 

1. Achieving sustainable prosper ity 

2. Process safety leadership 

3. The biological  engineering opportunity 

4. Cutt ing costs in pharma 

401 Expanding the opportuni t ies for 
wise energy systems and use in 
New Zealand for a future in a 
changing wor ld. 

1. Smart  Technologies -  Development of  smart 
technologies to make the best  of our renewable 
energy and respond to var iabi l i ty in supply and 
demand wi l l  help embed the t ransi t ion to a more 
sustainable energy landscape 

2. Smart  Users -  The success of  a transformed and 
responsive energy system is  dependent on 
having smart users in the mix.   This theme looks 
at  methods for  moving New Zealand’s energy 
users towards being informed enough to enable 
the energy system to operate with maximum 
ef fect iveness 

3. Robust Energy Systems -  As the ef fects of 
cl imate change begin to intensi fy the energy 
systems, society,  and international  pressures are 
expected to become more erratic .   This theme is 
focused on ensur ing New Zealand’s energy 
systems are able to wi thstand this  var iabi l i ty 

402 An automated, solar-powered, 
wireless, remote 
survei l lance/data acquisi t ion 
system. Includes, survei l lance, 
f ire-  and earthquake-detect ion 
and remote access/control.  
Improves ef f ic iency of managing 
large remote land areas and 
opt imizes water/energy usage. 

1. Understanding New Zealand’s current  and future 
agr icul tural ,  land and coastal  management 
requirements,  def iciencies and threats to secure 
and profi table and sustainable operat ion.   This 
knowledge is  essent ial  for establ ishing 
appropriate system features 

2. The results  from research and col lat ion of 
stat is t ical  informat ion and market  research would 
be used to make informed decis ion with respect 
to the system features needed. This would 
ensure that  i t  meets performance, maintainabi l i ty 
and cost predict ions 
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Entry 
Id 

Challenge Themes 

403 Generating higher revenues,  
ensuring securi ty of supply,  and 
meet ing industry and societal 
requirements through increased 
extract ion of our geothermal 
energy, petroleum, mineral and 
groundwater resources, whi lst  
minimising impacts on the 
environment 

1. Prospectivity to prosper ity -  faci l i tat ing greater 
explorat ion of  our extensive Exclusive Economic 
Zone, so enhancing the discovery of  new 
reserves of  petroleum and minerals ,  leading to 
signif icant  improvement in the New Zealand 
economy  

2. Secur ity of  supply – ensur ing New Zealand is 
res i l ient  to global  restr ic t ions on the avai labi l i ty 
of  strategic energy and minerals resources 

3. Stewardship – minimising environmental  impact 
whi lst  real ising the ful l  benef its  of  our natural 
endowment of  geothermal energy,  petroleum, 
mineral and groundwater resources 

413 Transforming New Zealand’s 
energy systems for  a 
sustainable future 

1. Bui lding energy securi ty and resi l ience into the 
whole energy system 

2. Transit ional  technologies and infrastructure 

3. Engaging society in the energy transit ion 

4. Demonstrating al ternat ive energy systems in a 
carbon constrained world 

414 National  energy self -suf f iciency, 
def ined by a target  of  net zero 
fossi l - fuel imports into New 
Zealand. 

1. Opt imising Supply 

2. Opt imising Use and Distr ibut ion 

3. Energy-Eff icient Machines and Systems 

4. Responding to Societal  Trends and  

432 Energy Transformed — 
Fostering An Energy Transi t ion 
For New Zealand - To make 
New Zealand energy supply 
100% renewable by 2030  

1. Electr ici ty Supply 

2. Transport 

3. Energy in Industry  

4. Energy in Households  

5. Energy Linkages 

447 Energy and the environment 1. Renewable Energy – Real ise the potential  of  New 
Zealand’s natural energy systems  

2. Develop processing systems with the lowest 
energy per uni t product capacity  

3. Distr ibution and t ransmission systems that 
reduces losses and opt imises ut i l i ty and 
distr ibuted needs 

457 Energy Futures: to ensure that 
energy sources are opt imal ly 
ut i l ised to meet New Zealand’s 
unique needs for  the next  50 
years in the context  of  i ts 
resources and environment. 

1. Renewable Energy - To bui ld renewable energy 
capacity 

2. Energy Eff iciency -  To engineer New Zealand’s 
infrastructure for energy eff ic iency 

3. Smart  energy technologies -  To develop smart 
products and mater ials  related to energy 

471 Energy in New Zealand 1. Investigating t idal , wind,  geothermal energy (and 
associated technologies for  implementation) 

2. Al ternat ive fuel  use 

3. Development of  electr ical gr id technologies 
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Entry 
Id 

Challenge Themes 

4. Measur ing and reducing agr icul tural  emiss ions 

477 Energy Sel f-Suff ic iency 1. Understanding current  and future energy needs 
and supply for  domestic  consumpt ion and export 

2. Evidence-based decis ion-making to choose the 
appropriate generat ion mix for  electr ic i ty and the 
extract ion pathway for sustainable energy wealth 

3. Managing the opportunit ies and r isks f rom 
sustainable energy decisions and development to 
ensure a securi ty of energy supply 

 
 
 

Entry ID 40 

Due to New Zealand having a low density network of dwellings, the National Grid 

and town water supply have high transmission costs for electricity and water  

Summary This chal lenge proposes to carry out research to ident ify the current cost  of  

electr ici ty/water  transmission,  which wil l  help to bui ld measuring tools and 

predict ive models to help improve upon New Zealand's current national gr id 

system. Development/ implementation of innovat ive energy-generating 

technologies ( i .e. solar, wind,  t idal)  can further aid in making New Zealand's 

energy generation both sustainable and more af fordable. 

Theme 1 

Understanding of the electricity transmission cost in the New Zealand National Grid due to 
our country not having a high density network of dwell ings 

Importance 
to New 
Zealand 

New Zealand has low population densi ty so that there is no advantage to using 

the tradit ional  National Gr id l ike other countr ies with high population densit ies 

Research 
components 

Component 1: Ident ify the current cost of electr ici ty transmission in New Zealand  

Component 2: Develop the measuring tools and predict ive models to identi fy the 

impact of  establishment of  a sustainable network of dwel l ings most independently 

f rom the National Gr id  

Theme 2 

Understanding of the town water transmission and distr ibution cost in New Zealand due to 
our country not having a high density network of dwell ings 

Importance 
to New 
Zealand 

New Zealand has low population densi ty so that there is no advantage to using 

the tradit ional  town water transmission and distr ibut ion systems l ike other 

countr ies that have high population densit ies 

Research 
components 

Component 1: Ident ify the current cost of the town water t ransmission and 

distr ibution cost in New Zealand   

Component 2: Develop the measuring tools and predict ive models to identi fy the 

impact of  establishment of  a sustainable network of dwel l ings most independently 



 

8 
345415 v7 

f rom the town water t ransmission and dis tr ibution system  

Theme 3 

Understanding the diversity of  harvesting of solar and wind energy, and rain water across 
New Zealand 

Importance 
to New 
Zealand 

I t  is possible to optimize the operat ion and use of solar and wind energy,  and rain 

water across New Zealand  

Research 
components 

Component 1: Ident ify the current divers ity of harvesting solar and wind energy, 

and rain water  across New Zealand   

Component 2: Develop the measuring tools and predict ive models to identi fy the 

impact of  establishment of  integrated system to optimize the operation and use of  

solar and wind energy,  and rain water most independent ly from the Nat ional  Gr id 

and town water t ransmission and distr ibution systems 

Theme 4 

Understanding the diversity of  user behaviour of  energy and water across New Zealand 

Importance 
to New 
Zealand 

I t  is possible to optimize the operat ion and use of solar and wind energy,  and rain 

water across New Zealand 

Research 
components 

Component 1: Ident ify the current user behaviour of  energy and water across New 

Zealand  

Component 2: Develop the measuring tools and predict ive models to identi fy the 

impact of  establishment of  integrated systems to meet the user demand of energy 

and water   

Research 
Gaps and 
Opportunities 

The f indings in this research are to enable a development of an energy f low 

control  model in the forms of  electr ic i ty and hot water upon the user demands in a 

modular house to optimize the operation and use of  solar and wind energy,  rain 

water and natural venti lat ion in the dwel l ings.  

The research and development are also to al low peer to peer sharing of 

sustainable technologies for  power,  heat ing and water  supply between dwell ings. 

This novel idea wil l  not only al low sharing of  resources for “off  the grid” 

communit ies independently from the Nat ional  Grid and town water t ransmission 

and distr ibution system, but  also reduce cost  per dwell ing to instal l  these 

technologies. 

Comments The academic research outcome is a novel solution to a mathemat ical model to 

control  the energy f low for the thermal comfort operation (e.g. heating, venti lat ion,  

and air  condi t ioning) for sustainable bui ldings and communit ies us ing solar and 

wind power,  rain water  col lection and natural  vent i lat ion.  The socio-economic 

objective is  to bui ld renewable-energy ef f ic ient and sustainable buildings and 

communit ies.   

 
 
 

Entry ID 279 
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Keeping New Zealand’s electricity networks smart, resil ient and secure as the world 

they power gets more complex and customers’ expectations get more sophisticated 

Summary The goal of this proposal  is to improve the res i l ience and rel iabi l i ty of the way we 

use and consume power.  The proposed research has the fol lowing themes:   

(1) Understanding how new customer behaviours are going to impact the power 

system New Zealand has bui l t   

(2) Making decis ions about how to maintain and improve the New Zealand 

electr ici ty system as the wor ld i t  powers changes  

(3) Using new technologies to manage the future power distr ibution system in a 

way that  supports our desired l i festyle and economic growth  

Theme 1 

Understanding how new customer behaviours are going to impact the power system New 
Zealand has built  

Importance 
to New 
Zealand 

Improving the resi l ience and rel iabi l i ty of  the way we use and consumer power, 

recognis ing that the things people want to do with electr ic i ty are gett ing more 

unpredictable and diverse.  The New Zealand power system is  the most complex 

machine in the country and it ’s crucial  to every form of  economic and l i festyle 

activi ty but i t  has evolved over the last century.   I t  was never designed as a 

complete enti ty and is as unique as our landscape and people.   We’re only going 

to be able to meet the electr ic power needs of  the next  generation with some very 

smart  science and engineer ing, speci f ic to:  the condit ions ( including potent ial ly 

very ser ious securi ty challenges) that we face,  the legacy we have inher ited and 

the things we’re going to want to do in the future.    

Research 
components 

1. Identify how changing consumer behaviour wi l l  impact on New Zealand’s power 

system.  We are already seeing how heat pumps are changing the character ist ics 

of  demand on local electr ici ty l ines.  I f  neighbour ing electr ic vehicle owners al l  

charge their vehic les at  the same t ime, local transformers wil l  be dramatical ly 

over loaded.  Behavioural scientis ts are model l ing consumer behaviour for new 

and digi tal  technology adopt ion.   Scenar ios for this  behaviour wil l  model the 

impact on electr ic i ty demand and i ts c lustering in part icular locations across the 

nat ional  power system.   

2.  Understanding the l imi tat ions of the power system and the environment i t  

operates in,  and identi fying ways to overcome those l imitat ions.  Electr ici ty 

distr ibution systems are products of  their t ime. The specif ic  designs and technical 

components of  each local  network vary across the country.   To manage the impact 

of  the changing use of power on the networks, research wil l  need to be made into 

the New Zealand specif ic  character ist ics of  the legacy power systems and the 

impacts of  changing use and creat ion of power across them.   

3.  Predict ing where we’re going to see problems as consumers star t us ing the 

power system different ly.  Clustering of  new technologies and consumer 

behaviour wil l  impact power systems dramatical ly.  In paral lel securi ty challenges 

and data protection issues are emerging.   Formal data scienti f ic techniques to 
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evaluat ing data sources and modell ing the actual impact of  these changes on New 

Zealand’s networks wil l  pr ior i t ise how we apply scienti f ic  research to mit igate the 

technical issues wi th power qual i ty,  rel iabi l i ty and system resi l ience that wi l l  

ar ise.   

Theme 2 

Making decisions about how to maintain and improve the New Zealand electr icity system as 
the world it powers changes  

Importance 
to New 
Zealand 

The consumerisation of the power industry - where individual customers wi l l  

increasingly make their own decis ions about the rel iabi l i ty of  the power supply 

they want, how and when they use it  and the environmental impacts they want to 

create -  wil l  require a completely di f ferent way of running the system.  In the old 

days, the industry was central ly-planned and consumers were s imply prevented 

f rom doing things which would af fect  the rel iabi l i ty of supply for others.  21st 

Century customers are al ready expect ing far more from the power supply system, 

creating new requirements for affordable,  qual i ty supply and increasing consumer 

empowerment.   While there are new technologies emerging rapidly that wi l l  al low 

this to happen, focussing ef fort  now on coordinating research, targeting 

impediments and promot ing consumer benefits wi l l  help New Zealand step up into 

the world of  smart networks quick ly and eff ic iently. 

Research 
components 

1. Understanding how much a greener, more rel iable and resi l ient power supply is  

worth to customers.  Central ly-planned electr ici ty networks with central ised 

del ivery mechanisms don’t al low customer-specif ic service levels.  With new 

technologies, i t  wi l l  be possible to tai lor electr ical  supply to individual customers’  

needs – whether in terms of  qual i ty, rel iabi l i ty or  sustainabi l i ty.  Price wil l  be a 

key input to the discovery of  ef f icient means of del iver ing services to meet 

customers’ needs and promoting technologies, and the scienti f ic research to 

develop them, that reconciles these needs with the value that customers place on 

their being met.    

2.  Modell ing what types of  interventions wil l  most cost  effectively maintain secure,  

rel iable and environmental ly sustainable supply.  The new technologies that are 

al ready available to support future power supply needs are in var ious stages of 

matur ity – f rom Soft  Open Point power electronics, Power electronics for synthet ic 

inert ia of  generation & DC l inks,  Sol id State t ransformers to Induct ive EV 

charging.   Pockets of research exis t in New Zealand universi t ies and CRIs but this 

init iat ive provides a framework in which research could be resourced against 

nat ional  power system needs, complementary to the pure science agendas that 

current ly exist.  

Theme 3 

Using new technologies to manage the future power distr ibution system in a way that 
supports our desired lifestyle and economic growth 

Importance 
to New 
Zealand 

New Zealand’s power distr ibution system has been smart  from the start  and we’ve 

made good use of our unique resources: hydropower, geothermal and wind, as 

wel l  as pioneering demand-management technologies.  We’ve researched and 

developed ways of doing this f rom scratch, for example through techniques such 
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as r ipple control  which have been copied and exported to the rest of the world.  I f  

New Zealanders are to be able to rely on an environmental ly-sustainable,  res i l ient  

and rel iable power supply wi thout having to l imi t the way in which they use,  store 

and create electr ici ty in the future, the country needs to take on the challenge of  

understanding the problems we’l l  face, ident ifying the technologies that  we can 

use to solve them and then integrating those technologies into our unique 

environment.  New Zealand’s electr ici ty industry has a proud and successful  

history of pioneer ing new technologies in the power industry and then export ing 

them and our expert ise in them to the rest of  the world – from ripple control , to 

the f irst  undersea “HVDC” cable and of course our sustained innovation in 

exploi t ing geothermal, hydro and wind to generate safe and rel iable power.  This 

programme wil l  be no di fferent – bringing forward areas of sc ient i f ic research and 

development to commercial  operation in areas where we lead the wor ld.  We wil l  

gain locally from strong research and rat ional  deployment programmes, and also 

export  products and know-how to other countr ies, just  as we wil l  become fast 

fol lowing adopters for complementary innovations from overseas.   

Research 
components 

1. Ensur ing that the best current and future technologies are used in a t imely and 

ef f ic ient and secure manner.  Many technologies exist  - the key is  to ident ify 

target technical solut ions for  New Zealand’s power system and the scienti f ic  

research that is necessary to commission these solutions locally from the 

smorgasbord of theoretical l  options avai lable.      

2.  Creat ing room for  developments such as electr ici ty storage technologies to 

reconcile intermit tent  supply from new types of  generat ion with customer demands   

Electr ici ty has the unusual property that i t  cannot be stored direct ly but must be 

converted into another form of  energy.  The cr i t ical role of  energy storage in 

managing the intermit tency of certain new and renewable energy makes it   a 

part icular prior i ty for  the future of  electr ici ty networks,  yet  few commercial 

solutions exist – relying on scient i f ic research in context  to bring them to market. 

3.  Designing and developing new technologies to al low each individual customer ’s 

demand to better  respond to price so that  they can al locate power resources in 

the way that best meets their needs.  Smart power systems are only an input to 

the del ivery of benefi ts to consumers, which rely on a user inter face that al lows 

customers to respond to price and control demand, or generate power from their 

own resources.  Behavioural  and stat ist ical scient i f ic research wil l  be important  

tools in the ef fect ive harnessing of  this potential f lexibi l i ty in the power system if  

i t  is to benef it  al l  New Zealanders.  

Research 
Gaps and 
Opportunities 

1 Social  science research at  the Univers it ies of  Otago, Auckland & Lincoln: has 

never been coordinated and focused on electr ici ty consumers.     

2 Engineer ing research at Canterbury + behavioural  sc ience analysis  at  a 

nat ional :  understanding where and how the local power networks in New Zealand 

wi l l  be af fected by 21st century electr ici ty use.   

3 Operations Research at  Auckland + Power Systems Modell ing work at 

Canterbury and IRL: understand the nat ionwide impacts of  these changes in a 

consistent and r igorous fashion.    
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4 Waikato ‘smart  homes’ + Victor ia incent ive effects of  regulation: how to use 

pr ices to maximise this impact in the operat ion of the future power system.    

5 Canterbury Distr ibuted Generation: intel l igent swi tching logic and adapt ive 

protect ion and control solut ions for New Zealand power systems.  Auckland 

inductive power transfer,  motor  control,  electr ic  vehicles: l ikely types of EV 

adopt ion in New Zealand.  IRL’s continued research into Superconductivity could 

be focused on fault  current l imi ter applications speci f ic to the New Zealand 

environment.     

6 NERI is  currently researching al l  smart gr id activity in New Zealand: 

pr iori t isation and select ion of key scienti f ic research necessary to resolve the 

technical issues     

7 Distr ibuted energy generat ion and storage research at IRL: seed research in 

universi t ies around the country   8 Waikato:  demand-s ide measures to manage 

intermittency: how current  and future appliances could support  this type of  power 

stabi l isat ion. 

Comments Electr icity is  unl ike any other commodity.  I t  is a factor  input to production – 

enabl ing the transformation of raw materials into f inished products through heat, 

l ight  and automated manipulation. Unl ike other industr ial inputs, electr ici ty powers 

informat ion technology and the tools of the knowledge economy and its  related 

service industr ies.  Without affordable and rel iable power, New Zealand wi l l  not 

maintain growth in productivity and welfare rates as this depends so much on 

doing what we do smarter not  at  greater volumes.  More importantly st i l l ,  

electr ici ty is  a catalyst for the l i festyles New Zealanders expect  to enjoy in a 

knowledge economy – al lowing our cit izens to work where they want,  how they 

want to,  and so i t  accelerates both economic growth, wel fare and l i festyle 

improvements.   The current  power system was never designed wi th the knowledge 

economy in mind, and it  is  now the r ight  t ime to use the tools of  the knowledge 

economy to ensure that i t  can support i t!   The future net  economic benef it  to New 

Zealand f rom successful smart  network deployment has been estimated at $10.7b 

in the recently released Green Growth:  Opportunit ies for New Zealand, report 

prepared for the New Zealand Green Growth Research Trust  by Vivid Economics 

and the Energy Centre at the Univers ity of Auckland Business School.  Keeping 

New Zealand’s power networks smart  means opt imising the large economic gains 

to New Zealand achievable through developing an ef f ic ient smart electr ici ty 

network and consumer inter face to i t .   

 
 
 

Entry ID 282 

To develop new solid-state thermoelectric materials or semiconductors with the 
goal of minimum efficiency of 30%. Doing so will also enable New Zealand clean 

tech technology Thermagenz to become a world game changer in the energy 
industry 

Theme 1 
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Thermagenz is a solid-sate geothermal power generator developed in New Zealand. We wil l 
have a 1kw module installed in Taupo late Feb 2013. We need to show in real  terms that 
Thermagenz can produce grid ready electricity at less than NZ$3 million per 1 Megawatt 

Importance 
to New 
Zealand 

New Zealand is seen as a leader in geothermal power and in fact we deployed the 

wor ld’s f irst geothermal power plant  back in 1958. Geothermal power is  

internationally recognised as the c leanest and least  environmental ly impacting of  

al l  the large infrastructure power systems. Geothermal is  thus the perfect ‘brand’  

to fur ther enhance our c lean green image.  However to date we have not 

developed any technology that converts  the heat to electr ic i ty ourselves. Al l  of the 

generation plants that we have developed to date both locally and abroad use 

foreign turbines sourced from either  Israel or Japan. Currently geothermal power 

generation costs about NZ$4 mil l ion per megawatt  however that  f igure is only 

achievable on a 20 megawatt power plant or  larger.  The reason for this  is  that  the 

cost of  dri l l ing and f inding the permeable rock (aquifer) is  a s ignif icant  cost  of  the 

project . So if  the geothermal resource is only predicted to be able to produce say 

10 Megawatts the cost of the f inal plant per megawatt  goes up signif icant ly and is  

usually not viable.  I f  New Zealand could show that  a non-aquifer based sol id-

state thermoelectr ic  generat ion system (e.g. Thermagenz) of fered a more cost 

ef fect ive and rel iable opt ion,  then New Zealand would (or could?) stand  to gain 

more export  contracts from al l  over the globe and for  wider outputs from hundreds 

of  ki lowatts  to hundreds of megawatts.  New Zealand would leapfrog ahead of 

compet ing countries by 20 years. Also this technology could be seen as a viable 

opt ion in other energy sectors.   

Research 
components 

We need to define the relat ionship of  the key technologies required for  a 50-

100kw Thermagenz instal led module through the establ ishment of an undertaking 

of  a real-wor ld tr ial thus al lowing for further new thermal & geothermal knowledge 

to be gained.  Thermagenz current ly uses 3 key technologies; custom designed 

pel t ier devices,  custom thermal designs and thermal super conductors.  The 

thermal super conductors incorporate revolutionary technology,  the nano-coated 

rods that we have are 30,000 t imes more conductive of  heat than si lver.  This 

means that over a 1.6km length of  rod the loss of energy is  only 1/1000th.  These 

rods enable two things; •That the heat (up to 27MW per metre)  from deep wi thin 

the ground can be extracted without the use of dr i l l ing into aqui fers and the 

extract ion of heat on the ‘cold’ s ide of the semiconductor and   •That this  can be 

done with greater ef f ic iency and potential ly done wi th no use of water. We have 

reached a point  where we now need to def ine the work ing relat ionship of  these 

key technologies through the conduct ing of a 50-100kw instal led module real-

wor ld t r ial .   Such a tr ial wi l l  al low for further new thermal & geothermal knowledge 

to be gained.  Currently at  this s tage of our development in Thermagenz 

technology we have reached a point where i t  is  6-7% eff icient . Current turbine 

technology is  about 15% ef f ic ient.  Note:   f indings to date are showing that  

conservat ively we can expect an instal led cost  per 1 megawatt  of  well  under 

NZ$3 mi l l ion which is  already extremely compet it ive.    

Theme 2 

To prototype our commercially viable solid-state thermoelectric generator using current 
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technology 

Importance 
to New 
Zealand 

The export  market  potent ial  is  extremely large.  Of the more than $9 t r i l l ion 

projected to be invested in new power plants between 2011 and 2035, almost $6 

t r i l l ion wil l  go toward renewables – approximately twice the investment amount 

projected for  more tradi t ional  coal, gas, and oi l  plants.  (US State Department 

05/03/12)   Whether electr ici ty is generated by geothermal, gas, coal, nuclear, or  

thermal-solar al l  produce heat which is then converted to electr ici ty. The average 

ef f ic iency of these turbine based systems is less than 20%. Al l  use turbines and 

water and require maintenance, however Thermagenz is sol id state so has many 

advantages over exist ing technology which is at tract ing internat ional interest 

al ready:  Pertamina in Indonesia – they are extremely interesting in using 1-5MW 

Thermagenz systems in 6 si tes in remote Indonesia – quotes have already been 

given for a few s ites.  General Atomics in San Diego USA. If  they can incorporate 

our current Thermagenz solution on the waste heat side of the reactor  then they 

have their 55% eff ic iency target reached. National Nuclear Laborator ies UK, they 

are exploring using our heat-pipes to transfer waste heat from their nuclear waste 

to above the surface then using this heat to power a smal l fac i l i ty above the s ite.  

The Large Hadron Col l ider at CERN and Steenkampskraal Thorium Limited in 

South Afr ica Whi le Thermagenz technology can be fur ther developed and could be 

ful ly manufactured in New Zealand there wi l l  be a requirement for the 

development of s ignif icant  systems of  supply and support wor ldwide.    

Research 
components 

The requirements to accompl ish this theme are more in the product development, 

market  research and commercial izat ion logist ics rather than pure research. 

However a smart , exper ienced and wel l-resourced team wi l l  be required.   

Theme 3 

To continue the process of developing a whole new thermoelectr ic material or semiconductor 
technology. This must solution must be very cost effective when compared to current 

Thermoelectric solid-state devices 

Importance 
to New 
Zealand 

We need to show that working as a focussed team across industry and insti tut ion 

can be benefic ial for al l  involved. New Zealand’s place as the leader of 

Geothermal power generation is  becoming a distant  memory as Iceland is forging 

ahead with projects and geothermal powered Data Centres.  We have even 

imported Icelandic engineers to work on our own projects IN New Zealand!  New 

Zealand current ly has tremendous mater ials expert ise and engineering innovation.  

However in my 30 years of business I have seen repeatedly that  we rarely focus 

our broad resources on a big opportuni ty. We tend to work in si los.  In the past 12 

months I have met amazing people/minds f rom univers it ies, companies and 

research faci l i t ies while developing Thermagenz and was amazed that we are 

doing development sometimes three t imes over and the knowledge is not being 

shared!  We need to show ourselves that  a system/process of  working together can 

work well ,  however this wi l l  only be frui t ful  when you have a c learly def ined 

objective wi th strong leadership driving. We are almost ir relevant global ly   in 

terms of  our populat ion,  yet  New Zealand has become known for  var ious 

signif icant  accompl ishments over the years – nearly al l  of these have become real  

because we have worked as a team.  Americas Cup & Lord of the Rings are our 
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most noted – al l  done with focus teams. I  feel we should now prove this process 

in the sciences. The clean energy sector is one area that  could benef it  the New 

Zealand ‘PURE’ branding  

Research 
components 

1. a complete re-think of the relat ionship of heat and electr ici ty wi th a focus on a 

clean, viable energy sector solut ion.   

2.  Development of  a new thermoelectr ic material  or  semiconductor  We discuss/l is t 

al l  known features of heat and electr ic i ty plus also discussing the 

relat ionships/symmetries etc.  We also add this information into a computer  model  

that enables us to transfer this  data into two systems to enable alternative data 

processing.   

1.  A Gaming scenario (As recently used with success in the Biotech area)  

2.  A big data system l ike Quid and Lucidworks.  Current ly wor ldwide over 50 

insti tut ions are working on thermoelectr ic yet  none have succeeded in developing 

a solut ion that is more eff icient than 15%. I re-think is required. I  s trongly bel ieve 

that a commercial ly viable high ef f ic iency solut ion exists – we just  need to f ind i t ,  

by looking in new ways. I  have already started this  process and in September 

formed the New Zealand Extreme Mater ials  Ini t iat ive. Current ly NZEMI includes 

expert ise from GNS Science, Auckland and Waikato Universi ty,  TiDA and three 

companies. I  have also developed strong l inks with Huddersfield Universi ty and 

the Chinese Academy of  Sciences as I was in Shanghai  in November to present a 

paper on Thermoelectr ic devices at a Nuclear power conference.   

Research 
Gaps and 
Opportunities 

To commercial ize the Energy eff iciency/recovery potent ial  of Thermagenz for 

Geothermal, Coal,  Gas, Solar Thermal and Nuclear powerplants. 

Comments By developing Thermagenz to be a viable ‘  output  eff iciency increasing’ solut ion 

for use in and wi th the exist ing and already instal led’ various power plant  systems 

means that New Zealand wi l l  get the broadest  internat ional  exposure and wil l  also 

have this export market not  dependant on any one country,  commodity or 

technology. I t  is also probable that we may open up opportuni t ies for  partnership 

wi th international companies and insti tut ions in other f ields. So of ten New 

Zealand has a great export success but the market  changes beyond our control  

and the opportunity is gone. The energy industry is  fundamental ly conservative.  

Absolute rel iabi l i ty is required equal  cost . Thermagenz builds on princ ipals that  

are over 100 years old and have even powered keys sc ience projects l ike Voyager 

and the Mars Curiosity. I f  New Zealand can establish a pragmat ic sc ience vision 

of  coupl ing unique sol id-state thermoelectr ic solut ions to the var ied energy needs 

of  the world then this  success wil l  al low us to explore other industry solut ions. 

 
 
 

Entry ID 285 

To explore the implications of installing large numbers of a novel design of a 

domestic hot water heat pump, which incorporates demand side management 
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features and improved consumer controls, which has significant environmental and 

economic benefits 

Theme 1 

The goal is to design and manufacture ‘in high volumes’ a more advanced HWHP that 
overcomes the disadvantages of currently available HWHPs, and be considerably more cost-

effective than solar water heating 

Importance 
to New 
Zealand 

Social benefi ts for the environment.  To substantial ly reduce the ‘upfront  cost ’  to 

the homeowner. 

Research 
components 

•Develop an understanding of the extent of the resource that  preheat roof space 

air has in improving the coeff ic ient of performance of a HWHP. Ident ify the 

parameters when it  would be undesirable to remove heated air f rom the roof  

space that could cool the habi table l iving space below.     

•Uti l ises BRANZ’s extensive energy and environment expert ise, specif ical ly their 

knowledge gained f rom The Household Energy End-Use Project.  

•  Investigate the role for smart  meter ing to f latten the high peaks in electr ici ty 

demand, when used in conjunction with large number of HWHPs.  

Theme 2 

Understanding New Zealand Homeowners Apparent Reluctance to Adopt Housing-
Sustainabil ity Innovations 

Importance 
to New 
Zealand Understanding the homeowner ’s at t i tude –behaviour gap. 

Research 
components 

•What are the barriers to the homeowners’ widespread adoption of  HWHP.  

• Invest igate the potential  Inf luences on homeowners behaviour  (I ’m st icking with 

what I know: i t ’s  not  worth i t :  I  can’t think that far ahead)  

•Homeowners ’ real or perceived r isks (f inancial  r isk, functional r isk and social 

r isk).   

Research 
Gaps and 
Opportunities 

This project suffered f rom the pr incipal-agent problem, in that manufacturers are 

not  compensated for (nor wi l l ing to pay for research) producing more energy 

ef f ic ient models that have addi t ional social  benef its  for  the environment.   

Extracts from the Treasury published Electr ici ty Demand-Side Management 

October 2005, in terms of appl iances, consumers can be largely in the hands of  

manufacturers – who may be unwil l ing to produce energy ef f icient models (which 

may be more expensive relat ive to compet ing models).  The costs of investing in 

such production could outweigh the benef its i f  energy eff iciency features benefi ts 

are a minor concern in purchase decis ions.   More eff icient use of  electr ic i ty has 

environmental benefits .  Some of these benefits  (such as reduced emissions) 

accrue beyond the investor , to society at large i .e.  social benefi ts exceed pr ivate 

benef its .  The investor  is not  compensated for  these aspects,  and is therefore 

unl ikely to factor them in to their decision-making – the so-cal led princ ipal-agent 

problem.  Another pr icing problem occurs when electr ici ty pr ices are based on 
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average rather than marginal  costs.  This can distor t decision-making, as i t  

inhibi ts users’  price-responsiveness and provides inadequate incent ives to invest 

in energy ef f ic iency.  The structuring of tari f fs (f ixed rather than variable pr icing)  

acts in a s imilar  way.  The remaining potent ial  for  direct peak tr imming in the 

res ident ial  sector  would therefore l ie with improving cost informat ion via smart  

meter ing.   Enforced rol l ing cuts are unlikely to be acceptable to consumers.  

Comments Currently the market in New Zealand for HWHPs is  unart iculated.  This challenge 

is  to create a large-scale market  (on a nat ional  scale)  for  HWHPs, and then there 

is  the opportunity to uni t ise high volume production to substantial ly reduce the 

‘upfront cost’  to the homeowner and provide signi f icant  benef its  to the 

environment.  [Extract Tech-Net Consul tancy Report ( Ian Bywater)]   The upfront 

cost is  consistent ly the key parameter for  the uptake rate for new energy 

ef f ic iency technologies (the simple ‘pay-back economic barr ier) regardless of the 

energy ef f ic iency gain.  However, increasing electr ici ty prices in the future wi l l  

lower the ‘pay-back period and therefore encourage technologies with higher 

energy ef f ic iency.  Nevertheless, the upfront  cost  remains the key factor’*  {My 

emphasis added} The fol lowing work has already been carried out  on this  project :   

•Tech–Net report  Industr ial  Research Ltd:  A Gardiner •Tech-Net Consul tancy 

Report: Ian Bywater   •EECA 1.28 Investigation the combined at tr ibutes of 

convective and radiant ai r to water  heat pumps •Final is t in the Well ington’s 

inaugural  Bright ideas challenge.  •James & Wells  Intel lectual Property has 

provided an opinion that  the novel HWHP has ‘freedom to operate’.    Based on the 

informat ion at hand, we bel ieve you can commercial ise your invent ion in at  least 

the USA without infr inging any current patents.   

 
 
 

Entry ID 320 

Better Building Performance for Economic Growth 

Summary The goal is to identi fy how performance in the construction sector  can be 

improved for national economic growth.  The fol lowing research themes are 

proposed:  

(1) investigate and establish how performance improvements at  the project and 

f irm level f low through into increased nat ional  product ivi ty (e.g. prof i tabi l i ty, 

customer satisfaction, decreased waste,  increased standardisat ion)    

(2) Identi fy barriers and opportuni t ies for  product ivi ty improvement -  To identi fy 

the barr iers to innovat ion and adopt ion of  new smarter  pract ices that  wil l  lead to 

increases in product ivi ty in a sector dominated by smal l and medium enterpr ises  

(3) Real ise product ivity improvements -  Appl icat ion of  the knowledge and tools 

developed in this programme to real ise productivi ty gains in the two key 

construct ion centres of Auckland and Chris tchurch over the next  f ive years -  

Theme 1 

To investigate and establish how performance improvements at the project and firm level 
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(e.g. profitabili ty, customer satisfaction, decreased waste, increased standardisation) flow 
through into increased national productivity statist ics 

Importance 
to New 
Zealand 

The construction sector employs 8% of  the workforce and in the last 10 years 14% 

of  al l  new employment has been in the bui lding and construct ion sector.   I t  

contr ibutes 4% to GDP almost the same amount as agr icul ture but this f igure is  

low compared to overseas economies.   OECD figures also show that productivity 

in the New Zealand construction sector  is lower than the average.  Nat ional 

f igures also show that construct ion productivity is  decl ining and lags behind most 

other sectors of the New Zealand economy.  Previous research has indicated that  

a 10% increase in construct ion product ivi ty leads to a 1% increase in the national  

GDP.  Every dollar spent on construction translates into three dollars of economic 

activi ty.  

Research 
components 

Component 1 What does productivity mean at  the project,  f i rm and sector level , 

what is the current  productivity of the industry by sub-sector  and how do we 

compare with other economies?  Component 2 How is quali ty of the output 

accounted for in measures of productivity?  Component 3 What is the impact of 

sk i l l  levels from the cl ient though the whole supply chain?  Component 4 Value 

stream and process mapping to ident ify the cri t ical  leverage points where the 

biggest product ivi ty gains can be made.  

Theme 2 

Identifying barriers and opportunities for productivity improvement -  To identify the barriers 
to innovation and adoption of new smarter practices that will  lead to increases in 

productivity in a sector dominated by small  and medium enterprises 

Importance 
to New 
Zealand 

Understanding and quanti fying current construction sector product ivity at  the 

macro and micro scale is  the f irst s tep toward improving productivity.  However, 

the construct ion sector is fragmented and complex and we need to understand 

how it  operates, where the inef f iciencies and barriers to innovat ion and 

productivity are,  and what impact culture and l i festyle choices have on 

productivity in order to ensure any activit ies, intervent ions,  educat ion to improve 

productivity are proper ly targeted.   

Research 
components 

Component 1  What are barriers to innovation and adopt ion of best practice?  

Component 2  How does a sector of predominant ly SMEs improve productivity?  

Component 3  How can smarter use of  technology improve informat ion f lows and 

productivity?  Component 4  What can be learnt  from other manufacturing 

processes?  

Theme 3 

Realising productivity improvements - Application of the knowledge and tools developed in 
this programme to real ise productivity gains in the two key construction centres of Auckland 

and Christchurch over the next f ive years  

Importance 
to New 
Zealand 

The cost of rebuilding Canterbury is estimated at  $20 bi l l ion. Auckland Counci l  

estimates demand for new housing in Auckland wi l l  r ise from 3800 pa in 2011 to 

10,000 pa by 2020. With an aging population,  these challenges cannot be met 

wi thout signif icant gains in product ivi ty f rom the construct ion sector. 
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Research 
components 

Component 1 Use of better product ion systems to improve productivity and 

af fordabil i ty and support the growth of Auckland.  Component 2 Applicat ion of 

relevant KPIs and benchmarking (both local  and overseas) to al low sel f-

improvement by f i rms.   Component 3 To real ise productivi ty gains in the 

Canterbury rebui ld through enhanced procurement, bet ter health and safety and 

project  management.  

Research 
Gaps and 
Opportunities 

To date,  there has been l i t t le research directly relat ing to construction sector  

productivity in New Zealand. Research has concentrated on understanding factors 

that contr ibute to low productivi ty and summarising overseas init iat ives to improve 

productivity. I t  has not been directed at development of  tools, products and 

processes to raise productivity.  The productivity partnership has developed a 

“Research Act ion Plan’  through a process or  workshops and sector consultat ion. 

This plan identif ies the most important knowledge gaps and the key science 

questions that  need to be addressed. Many of  these are economic in nature.  The 

plan can be found at : ht tp:/ /www.buildingvalue.co.nz/si tes/defaul t/ f i les/rap.pdf   

Funding to date for  the Partnership has been l imited and this  has restr icted the 

amount of research that has been commissioned far.    

Comments The New Zealand construct ion sector is much less productive that  i t  must be i f  i t  

is  to play i ts  part in growing the economic weal th of New Zealand. It  is 

character ise by a large number of f irms and growing their product ivi ty is a dif f icul t 

challenge.  The Productivi ty Partnership is an init iat ive from industry and 

government leaders commit ted to a goal of a 20% improvement in productivity by 

2020.  I t  was set  up in response to a taskforce report completed in 2009 which 

identi f ied that  decl ining construct ion sector product ivi ty was a result  of low levels 

of  innovation, impacts of regulation, procurement pract ices,  low ski l l  levels and 

job churn in the sector .  The Partnership has a goal of  leading a sector l i f t  in 

measured productivity by 20% by the year 2020. Achieving this alone wil l  add 2% 

to the country’s GDP – around $3 bi l l ion each year.  The Product ivity Commission 

in i ts report on housing af fordabil i ty considers that the Partnership is the 

appropriate organisat ion to develop pract ical  init iat ives to improve industry 

productivity.   

 
 
 

Entry ID 334 

A net-zero energy New Zealand at household, community and national levels 

Summary The goal of this proposal  is achieving net zero energy consumption in New 

Zealand at  the level of  the individual,  household, business, local community and 

nat ion.  Themes suggested appear to inc lude:  (1)  understand what determines 

identi ty, satis fact ion and wel lbeing provides a basis for  pol icy and investment 

choices and behaviours that  wil l  achieve col lective net-zero non-renewable energy 

demand in our bui ldings, food,  transport  and other act ivi t ies (2)  understand the 

energy costs of  food and f ibre production, storage, transport,  and export and 

meet ing the energy requirements of New Zealand’s food and f ibre systems from 

local resources without losing the potential for exports,  (3)  demonstrate integrated 
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systems that work with our exist ing building stock, that  would enable that  stock of  

ear ly-mid 20th century houses and other bui ldings to be net-zero energy, etc.   

Theme 1 

Understanding what determines identity,  satisfaction and wellbeing provides a basis for 
policy and investment choices and behaviours that will  achieve collective net-zero non-

renewable energy demand in our buildings, food, transport and other activities. 

Importance 
to New 
Zealand 

We are the problem. Our changing l i festyle choices, behaviours and investments 

current ly result  in an ever-increasing energy consumpt ion in al l  aspects of our 

l ives – in our homes, commercial bui ldings,  transport , food consumpt ion and other 

activi t ies.   Changes in l i festyle choices and behaviours, coupled with 

technologies, are essential i f  we are to achieve net zero energy in New Zealand at 

the level of the individual,  household,  business, local community and nat ion. 

Research 
components 

We know already that individual,  col lect ive and business pol icy and investment 

choices and behaviours can make greater contr ibutions towards net zero energy 

than can technical solut ions.  What we do not  yet  know is how to encourage these 

choices and behaviours and make them the norm. Research is  needed f i rst into 

appropriate choices and behaviours and then into effective ways to promote those 

choices and behaviours at al l  levels in society. 

Theme 2 

Understanding the energy costs of food and fibre production, storage, transport , and export 
and meeting the energy requirements of New Zealand’s food and fibre systems from local  
resources without losing the potential for exports. 

Importance 
to New 
Zealand 

Understanding the energy costs of  food and f ibre production,  storage, transport,  

and export  is  essent ial  i f  al ternatives are to be ident if ied.   We know that the 

production of  suff icient food from the available land area, to meet the needs of  

both the population and exports,  requires major imported energy inputs.  We also 

know that  replacing imported energy with grown energy crops may not be an 

opt ion because of the excessive land requirement. A way is needed to meet the 

energy requirements of New Zealand’s food and f ibre systems from local 

resources without los ing the potent ial  for  exports.  Much of the energy input 

required for  production,  storage, transport, and export is  based on imported 

petroleum fuels. Becoming self -suff icient in energy whi le s t i l l  maintaining food 

production capabil i ty for local supply and for  export  means massive reductions in 

imported fuel  energy,  but  i t  must be achieved wi thout losing the land that  grows 

the crops that provide the country’s  export earnings. 

Research 
components 

Establishing the net energy demand and energy f lows between product ion, 

t ransport and export  of a wide range of  food and f ibre groups.  This wil l  provide a 

sense of where to apply the research efforts .  Invest igat ing new opt ions for 

production, s torage, transport and export . These opt ions wil l  need to involve both 

technology solutions and changes in methods and practices at al l  levels. 
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Theme 3 

A demonstration of integrated systems that work with our existing building stock, that would 
enable that stock of early-mid 20th century houses and other buildings to be net-zero 

energy, alone and in functional residential communities and business centres 

Importance 
to New 
Zealand 

The buil t  environment is a major  consumer of energy and one where control of the 

energy demand is wi thin the control of  the owner/occupier,  and where 

improvements can be made in an incremental  manner. Bui ldings where energy is 

wel l  managed are general ly healthy bui ldings, a factor  that  has mult iple spin-of fs 

for society in terms of wider heal th and welfare costs.   The rate of new 

construct ion is smal l as a percentage of total  bui lding stock,  making replacement 

very slow. What is required is a demonstration of integrated systems that work 

wi th New Zealand’s exis t ing building stock. 

Research 
components 

A demonstrat ion that the var ious separate technologies that  are required to 

produce, s tore and control  energy at  the domestic , commercial, and community 

level can be integrated in a rel iable manner.   A study of the l inkages and energy 

interactions between individual  bui ldings, urban planning and transport energy in 

the bui l t  environment. There is also the need to l ink this integrated model l ing with 

a study of ecological footpr int (as a measure of the energy and non-energy 

resources that  go into the bui l t  environment) and recent ly developed 

morphogenetic  modell ing of  res i l ience to create a model  of  the urban environment 

as a complex system. This wil l  al low the assessment of  any proposed energy 

system changes against what these do to both exist ing resi l ience and exist ing 

ecological footpr int. 

Theme 4 

Distributed energy production, distribution and storage systems with the potential  to 
increase the robustness of our existing energy production and distribution system, and to 
integrate alternative energy production into the existing central ised system. 

Importance 
to New 
Zealand 

Developing a capabil i ty to del iver  turn-key,  medium sized systems, including new 

energy-lopping systems for  Auckland, provides New Zealand wi th al ternatives to 

instal l ing large, central infrastructure and so provides a long-term insurance 

pol icy against external ly control led energy supplies and prices. An increasingly 

important  part  of the New Zealand economy wil l  be around exportable ski l ls , 

capabil i ty and know-how in energy instal lat ion,  automat ion,  control and 

t ransformation,  as global  demand for such expert ise bui lds up this capabil i ty 

could support an export component. 

Research 
components 

Model l ing of the exist ing energy production and distr ibut ion system as increasing 

levels of distr ibuted product ion and storage are incorporated into the community,  

including management of interact ions from a range of  energy supply sources at 

di f ferent t imes of year and demand levels. 

Research 
Gaps and 
Opportunities 

Gaps and opportuni t ies exist  in the integration of  technologies for  small -medium 

scale systems and in long-term data on energy performance related to di fferent 

l i festyle choices and behaviours.   Research is  needed into alternat ives to battery 

storage for the storage of signif icant  amounts of energy at , for example, the 
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community scale, and intel l igent  control of demand to reduce power use.   

Electr ical energy is required in isolated and small  towns and communit ies in often 

remote si tes,  such as on the East coast,  Chatham Is lands, Waiheke and Rakiura 

and across the Conservat ion estate. These locations could offer  ideal places in 

which to tr ial proposals for wider adoption. 

Comments Victoria University of  Well ington wi l l  draw researchers into these four themes from 

across i ts schools of psychology, media, government, pol icy and economics,  

geography and environmental s tudies, architecture and design, engineering, 

chemical and physical sciences.  We wil l  also work with: 

 •Businesses and the community at  al l  levels from internat ional  corporate to 

nat ional  power supply companies (Mer idian, Genesis, Vector et al.)  to small 

renewable energy instal lers to households to community organisations and local  

councils . Many of these have been, and are st i l l ,  involved wi th Victoria 

Universi ty’s net-zero energy First  Light house development. 

 •Educat ion sector  including pre-school,  primary, secondary and ter t iary 

organisat ions.  As s ignif icant  consumers of energy,  and (at least  in Victoria 

Universi ty’s case) having a commitment to the environment and to conservation,  

universi t ies and research insti tutes can be ideal  test  beds for  new developments 

•Other research organisations, inc luding BRANZ, wi th i ts  capabi l i ty in energy use 

in domest ic and commercial  bui ldings. 

 •Member organisat ions of the National Energy Research Insti tute (NERI). We 

have had extensive discussions wi th NERI and contr ibuted to their submission, 

and would see them playing an important  role in determining the direct ion of 

future energy research. 

 
 
 

Entry ID 349 

New Zealand Energy:  Secure, Sustainable, and Economical 

Summary This chal lenge proposes to make New Zealand100% energy independent through 

the explorat ion and development of improved sources of energy across a range of  

platforms (petroleum, t idal,  geothermal etc.) . Pre-empt ive research into renewable 

energy sources wi l l  provide a major  boon when carbon-based fuels are eventual ly 

exhausted.  This wil l  help to re-enforce New Zealand's 'c lean, green' image, which 

wi l l  have both local and international benefi ts. 

Theme1 

100% New Zealand Energy:  Al l  of the energy used in New Zealand is produced in New 
Zealand 

Importance 
to New 
Zealand 

New Zealand is wel l  si tuated become 100% energy independent because of  our 

extensive carbon (gas,  oi l)  and renewable resources. The two major benefi ts to 

New Zealand of  energy independence are:  (1) energy securi ty and (2)  a posit ive 

economic boost .  Energy secur ity:  Current ly New Zealand is qui te sensit ive to 

global f luctuat ions in the avai labi l i ty (and pr ice) of energy. As the source of 
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carbon-based energy (oi l ,  gas)  dwindles,  being able to secure a steady, rel iable 

source of  energy over which we have control wi l l  become increasingly important.  

Being able to supply 100% of our own energy wi l l  mit igate the r isk to our economy 

and way of  l i fe.   Posi t ive economic boost :  Energy produced here wil l  be sold here 

and perhaps even abroad.  The economic secur ity from a rel iable, stable source 

of  energy wil l  benefit  not  just the energy industr ies, but  also every endeavour in 

New Zealand that requires energy to succeed -  from dairy to metal smelt ing to 

growing high-tech manufacturing industr ies.  Theme 1 is the most immediate of 

the four Themes in this chal lenge.  Achieving energy independence (100% New 

Zealand Energy) rapidly wil l  only be possible i f  we maximize our resources,  

including carbon-based, non-renewable ones.   Other options are unlikely to be 

economically viable.    

Research 
components 

A.  Improved sources of  energy.  

1.   Carbon-based energy extract ion:  (oi l ,  gas,  frack ing,  biomass/biofuels (algae, 

forestry, crop res idues), etc.). Improving ef f ic iency; reducing cost; reducing 

environmental impact.   

2.   Renewable energy extraction:   (wind, solar , geothermal, t ide/mar ine,  hydro, 

biomass, etc.) . Improving ef f ic iency;  reducing cost; reducing environmental 

impact.   

3.   New ways for  dis tr ibuted energy product ion:  Energy produced on the si te of 

use reduces the load on the electr ical gr id and other energy systems that require 

t ransportation. Many small sources can add up to a signif icant  amount of New 

Zealand-based energy production.   Solar (photovoltaic , thermal) , wind, 

geothermal,  gas and water energy can al l  be generated locally.  Research into 

making these technologies more robust, cost-effect ive,  and user-f r iendly would 

spur widespread use.    

B.   Improved use of energy:   

4.   Research into a "smart" inter face/balance between the central ized energy 

system(s) and these dis tr ibuted ones would be needed. In part icular, tuning the 

economic incentives (who pays the cost,  who reaps the economic reward) wil l  be 

cr i t ical to success.    

5.   Improved eff ic iency of energy use by major  industr ies, through practices and 

technological  advances.    

6.   Improved eff ic iency of energy use by households, through pract ices and 

technological  advances.    

7.   Energy equity research.   Scienti f ic  research into the equity issues associated 

wi th energy availabi l i ty and cost wil l  be required to ensure that subsets of the 

population are not  disadvantaged. For example, rural users should enjoy the same 

benef its  as urban ones (and vice versa).  High-tech advances must be usable by 

relat ively unsophist icated user, as well  as the more sophist icated ( l ike cel l  phone 

technology).     

Theme 2 
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100% Renewable:  Al l  of  the energy used in New Zealand comes from renewable sources 

Importance 
to New 
Zealand 

New Zealand is part icularly well  si tuated to lead the wor ld in moving to a 100% 

renewable energy system over a relat ively short t ime. Our natural  resources of 

hydro, wind, solar , marine, geothermal and biomass (sustainable) are suff ic ient  to 

power the country into the future.    

The two major  benef its  to transforming 100% of  New Zealand energy to renewable 

sources are: (1) long term energy security, and (2)  economic benef its  from 

export ing technology and innovat ion.   Long term energy secur ity: These benefi ts 

are very simi lar to those in Theme 1. Addit ionally, as New Zealand carbon-based 

reserves are tapped out, an investment now in developing renewable sources wi l l  

pay off  in a seamless (or  minimally disruptive) t ransit ion.     

Economic benef it :   The development of technology to eff icient ly and economically 

harvest renewable energy wi l l  generate new technology,  companies, and 

intel lectual property. As the rest  of the wor ld runs out  of gas and oi l ,  they wi l l  

need our innovat ions.  We can become a net exporter of renewable energy 

technology.  In the long-term, as oi l  and gas resources are played out,  

renewables wil l  become a more important part of the energy economy. By 

pr iori t iz ing their  development in New Zealand- a land with fert i le renewable 

sources -  we can achieve a global  advantage.  

Research 
components 

A.  Improved sources of  energy:  

1.    Renewable energy extraction.   (overlap with Theme 1)   

2.   New ways for  dis tr ibuted (on s ite of use) energy production.  (over lap wi th 

Theme 1)   

B.   Improved Energy Storage  

3.   New methods of  stor ing energy in large energy use situations. Major 

users of  energy usual ly require a relat ively balanced load. Research into 

bat ter ies, l iquid fuel,  pumped water and other methods of s toring energy is  

needed.  

4.   Energy storage down to the household level .  With distr ibuted (on site of  

use) energy production comes the need for  dis tr ibuted energy storage that  is  

safe and affordable. Energy storage needs and mechanisms wil l  be dif ferent 

across the diverse landscape (and people-scape) of New Zealand, and these 

diverse s ituations offer the opportunity for  tai lored innovat ion.   

5.   Energy for t ransportation.   New research into fuels suitable for 

t ransportation within New Zealand and from New Zealand to the rest  of the 

wor ld is  absolutely required.  The solut ions are l ikely to be very different for 

short,  moderate and internat ional  scales of  travel.      

C.   Improved use of energy.   

6.   Improved eff ic iency of energy use by major  industr ies (over lap wi th 

Theme 1).   

7.   Improved eff ic iency of energy use by households (overlap with Theme 1).    
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8.   Energy equity research (overlap wi th Theme 1) 

Theme 3 

100% New Zealand Green:  Al l  of the energy produced in New Zealand is environmentally 
sustainable 

Importance 
to New 
Zealand 

The New Zealand global brand is "100% Pure," and this  Theme extends that 

aspirat ion to our energy production, storage and use. The two major benefi ts to 

New Zealand are (1)  stewardship of our unique and valuable natural resources 

and (2) economic benefi ts f rom export ing technology and innovation. 

Research 
components 

A.  Improved sources of  energy  

1.   Producing renewable energy with minimal environmental footpr int.   This 

requires research in engineer ing,  physics and chemistry as well  as 

environmental sc ience, biology, and the social sc iences.    

B.   Improved use of energy.   

2.   Opt imizing the eff ic ient use of  energy in industry,  business,  and the 

home. (over lap wi th previous themes)   

3.   Minimizing the waste generated by energy product ion and use.   Research 

into captur ing emiss ions,  extract ing maximal  energy from sources,  and 

convert ing waste into useful  mater ials .     

C.   Reduced environmental  impact of  energy extraction and use.    

4.   Developing technology to mit igate the impact of energy extract ion and 

use on New Zealand f lora, fauna and people.  

Theme 4 

100% New Zealand Involvement:   Al l  New Zealand residents use renewable, clean New 
Zealand energy 

Importance 
to New 
Zealand 

Theme 4 is most easi ly accompl ished if  Themes 1 -  3 are very successful . New 

Zealand is a small country wi th a many dif ferent communit ies.  100% uptake of  the 

100% New Zealand, 100% Renewable and 100% Green energy technologies 

across this diverse population wi l l  ensure that the improved outcomes and 

economic benef its  are provided to al l  New Zealanders,  and that  the science and 

technology developed wi l l  be widely appl icable on the export  market.    

The two major  benef its  of Theme 4 are:   

1. enhanced heal th and well -being to al l  New Zealanders,  and  

2. economic benef its  through high adoption within New Zealandand high exports 

globally. 

Research 
components 

The main research components needed achieve the objectives in this theme are 

more in the psychology and social science f ields.    Quest ions to be answered 

include:  

1.   What are the barriers to adoption of  new technology?   

2.   What resources can be used to overcome those barriers?   
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3.   How can we maintain equi ty in access to clean, renewable energy?   

4.   What are the less-tangible benef its  to New Zealand of going to a 100% New 

Zealand, 100% Renewable,  100% Green energy system? 

Research 
Gaps and 
Opportunities 

New Zealand is one of the few countr ies in the wor ld who could achieve this  

challenge, because of  i ts  unique location, abundant renewable resources and 

strong national ethos of  "100% pure."  Importantly, New Zealand already has 

signif icant  strength in many of the research areas needed to succeed in meet ing 

this grand sc ience challenge.  World leading research into energy production and 

storage is going on at Auckland, Victor ia,  the MacDiarmid Insti tute,  and other 

research locat ions wi thin New Zealand (e.g.  inductive power t ransfer, NERI,  

polymer-based solar  energy harvest ing,  and many more). Leveraging internat ional  

research can spur technological innovation here in New Zealand as well .    

Research into the environmental, psychological  and social science issues is  also 

al ready quite robust in New Zealand as well .   The key wil l  be to l ink these various 

sc ience and technology strengths together in a way that  leads to meaningful,  

di rected research that balances esoteric scient i f ic discovery wi th palpable 

economic outcomes. 

Comments I  volunteered to be part of  a discussion at an MBIE/MSI workshop that  developed 

the Energy theme and came up with the "100% New Zealand, 100% Renewable,  

100% Green and 100% Uptake" idea.   I  have incorporated some of the discussion 

in this submission.    

The four themes here are progressive:   

Theme 1 is the most short-term, and Theme 4 is l ikely to take the longest to 

accompl ish.   For example,  the development of New Zealand's oi l  and gas 

resources in Theme 1 is  seen as absolutely necessary economically, but  also as 

t ransi t ional for long term energy secur ity - that wil l  come when we are 100% New 

Zealand and 100% Renewable.  I t  was also felt  that  having energy produced at 

the si te of  use ( i .e. in homes, small  businesses) is cri t ical to our becoming energy 

independent.   

 
 
 

Entry ID 363 

Economic local industrial and transportation fuels  

Summary The goal of this proposal  is to manufacture l iquid fuels from biomass within New 

Zealand.  The proposed research programme includes the fol lowing themes:   

(1) Produce l iquid fuels from biomass - small scale exper iments using novel  

catalysts and chemical  and thermal degradation control led by on-l ine monitoring 

of  products us ing gas and l iquid chromatography.  A diverse range of biomass 

sources would be quickly investigated  

(2) Pur if ication of l iquid fuels -  a "fast fai l " evaluat ion of process condit ions 

necessary to separate l iquid fuels from water,  and also separate undesirable 

contaminants from l iquid fuels. A wide range of fuels from different feedstocks 



 

27 
345415 v7 

would be invest igated   

(3) Improved combust ion propert ies of  fuels -  Fuels from different biomass 

sources would be subjected to smal l Otto engine evaluat ions to ascertain 

necessary modi f ications to produce optimal  power.  The use of  enhancers would 

be investigated  

(4) Examine emissions and total energy balance of  fuel  production - Analyse 

emiss ions and wastes from preferred systems to ensure novel  process that do not  

produce toxins or unwanted chemicals when used with dif ferent  biomass systems  

Theme 1 

Produce liquid fuels from biomass 

Importance 
to New 
Zealand 

Fossil  fuels  cont inue to provide the major  l iquid fuels for internal combustion 

engines.  Whilst  personal t ransport wil l  have increased eff iciency as Japan 

reduces vehicle mass and improves engine eff ic iency,  internal  combust ion wi l l  

provide mot ive power for hybr ids and even some electr ic i ty.   This project wil l  

provide viable l iquid fuels. 

Research 
components 

Small  scale exper iments using novel catalysts and chemical and thermal 

degradation control led by on- l ine monitoring of products using gas and l iquid 

chromatography. A diverse range of biomass sources would be quick ly 

investigated.   The product  wi l l  be a l iquid fuel suitable for use in Otto cycle 

engines.  The process would star t with smal l par t icles of the biomass, both dr ied 

and as received.   The ini t ial  main process would be for  cont inuous catalyt ic  f lash 

pyrolysis producing a l iquid fuel . The major innovat ion would be use of novel 

ceramic-based catalysts. 

Theme 2 

Purificat ion of liquid fuels  

Importance 
to New 
Zealand 

Flash pyrolysis  of  biomass produces a l iquid fuel containing acids and organics 

along wi th carbon (akachar) and water.  This process would look to increase the 

quant ity and quali ty of l iquid fuel us ing novel catalysts on a range of di f fer ing 

biomass feedstocks,  typical ly wood or dried fol iage.  New Zealand has been 

explor ing f lash pyrolys is for  nearly three decades with no commercial success.  

This programme would be to investigate condit ions necessary to minimise the 

energy cost of  react ions and water removal from the fuel.   Such a regional  fuel  

could be used for either  electr ic i ty generat ion or t ransportat ion via the improving 

ot to cyc le engine technology and ef f ic iency.   

Research 
components 

This programme would be a "fast fai l"  evaluation of  process condit ions necessary 

to separate l iquid fuels from water, and also separate undesirable contaminants 

f rom l iquid fuels. A wide range of fuels from different  feedstocks would be 

investigated.   The major techniques would be puri f icat ion systems (other than 

dist i l lat ion)  monitored by gas and l iquid chromatography combined with 

spectrometry.  The major  innovat ion would be the recycl ing of char to pur ify the 

fuel,  combined with heat recovery to sustain impuri ty destruction and capture. 

Theme 3 
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Improved combustion propert ies of fuels 

Importance 
to New 
Zealand 

Would faci l i tate use of  biomass as a fuel replac ing imported fossi l  fuels. The fuels 

could be used at production source in engines or to generate electr ici ty. 

Research 
components 

Fuels f rom dif ferent biomass sources would be subjected to small  Otto engine 

evaluat ions to ascertain necessary modi f ications to produce opt imal power. The 

most l ikely use would be in small engines in locat ions where biomass pyrolysis  

was viable. I t 's unl ikely the fuels would be suf f ic ient ly pure for external 

combust ion turbine use,  but  that opt ion would be explored.   The use of  enhancers 

would be invest igated. Al l  of  the programme would be subjected to "fai l  fast" 

reviews f rom project ini t iat ion. 

Theme 4 

Examine emissions and total energy balance of fuel  production 

Importance 
to New 
Zealand 

Novel  fuels should provide improved emissions and minimal t ransi t ion costs over 

exis t ing fossi l  fuel systems. These systems would be smal l wi th low capi tal cost, 

so changes to condit ions can be matched to feedstock propert ies. 

Research 
components 

Analyse emiss ions and wastes f rom preferred systems to ensure novel process do 

not  produce toxins or unwanted chemicals when used with dif ferent  biomass 

systems. Emissions would be compared to current and proposed fuel  production 

systems.  Most testing would be performed at exist ing vehic le emiss ions testing 

faci l i t ies, but some toxin testing would be conducted in research faci l i t ies at 

Universi t ies and CRIs. 

Research 
Gaps and 
Opportunities 

Main issue is cost of biomass col lection and movement of  l iquid fuels, so the 

whole process would be sel f-contained to obtain opt imal cost-effectiveness. 

Consequently, low energy consuming means of comminution and drying would 

improve economics.  

Comments The whole programme would be subjected to a "fast fai l " st rategy via regular 

reviews to ensure only processes that are feasible are continued.   

 
 
 

Entry ID 369 

New Zealand needs a secure future electricity system to support economic growth 

and the goal is to develop leading edge technologies to minimise New Zealand's 

dependence on finite or at risk energy sources 

Summary This chal lenge proposes to develop leading edge technologies to minimise our 

dependence on f inite or at r isk energy sources.  Development of advanced energy-

storage and energy management technologies wil l  result in long-term energy 

security.  Research is also needed to develop social ly acceptable, and widely-

implementable energy-saving actions/behaviours that are embraced by the public.  

Developing technologies that  al low vehicles to be run on advanced biofuels is  

both an environmental ly sustainable act ion,  and wi l l  help to lessen New Zealand's 
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rel iance on imported fossi l  fuels . 

Theme 1 

The goal is to develop electricity storage technologies that enable better demand 
management and reduce generation peaks 

Importance 
to New 
Zealand 

Storage technologies result  in more ef f ic ient management of New Zealand’s 

generation capacity,  bet ter management of  the national  gr id, and lower electr ici ty 

pr ices.  With the increasing penetration of renewable electr ici ty generation in the 

generation mix and i ts var iabi l i ty (wind, hydro) , gr id connected storage and a grid 

that can react to this var iabi l i ty wi l l  be important  developments for securi ty.   

Research 
components 

The part icular  research need in New Zealand is the need to research the use of  

dedicated storage technologies and smart control to manage the load to sui t the 

part icular characteris t ics of  our national electr ici ty system and i ts variabi l i ty over 

t ime. Whi le there is at tent ion internat ional ly to producing very large electr ici ty 

storage devices to help wi th grid stabi l i ty and increased renewables, research is 

required into storage and reactive control technologies tai lored for our 

ci rcumstances. 

Theme 2 

The goal is to develop energy eff iciency and conservation technologies that lower energy 
demands  

Importance 
to New 
Zealand 

Behaviour change is an essential  par t of  developing a country of  smart energy 

users who are able to engage with the energy systems in a constructive way and 

be able to understand the impacts of their energy decis ions on the energy 

infrastructure.  Developing an understanding of  these behaviours and the 

incentives and pressure points to mot ivate behavioural  change are important 

steps in the path towards more eff ic ient energy systems. Research would help 

understand the effects of  people’s  decis ions on the energy systems and al low 

development of techniques and technologies to ei ther help change the behaviour 

of  consumers or al leviate the negative impacts of  uninformed users. 

Theme 3 

The goal is to develop technologies that enable vehicles to be operated with alternative fuels 

Importance 
to New 
Zealand 

Advanced biofuels are very important for reducing New Zealand’s dependence on 

imported fossi l  fuels.    

Research 
components 

Research on bio-fuels is a major  focus internat ional ly and New Zealand needs to 

develop niche technologies,  and making use of local  feed-stocks. What makes the 

advanced bio-fuels product ion processes economically viable are the co-products. 

More research into the co-products is required for  developing innovative 

technologies for low carbon transport fuels  that  are economically viable.  

Examples inc lude biochar, torr i f ied wood, and biocrude. 
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Entry ID 385 

The future of (personal) transport, developing a solution that is sustainable 

Summary The goal of the challenge is the assessment of an electr ic  transport plat form for 

New Zealand.  The themes proposed include: (1) assessment of  a sustainable 

electr ic car  platform - -  Assessing state of the ar t. -  Set t ing up a pi lot network of  

charging points and battery service points.  - Simulating power and battery needs 

for opt imal power distr ibution and service levels and (2)  assessment of a 

sustainable electr ic bicycle plat form -  inventory of the state of the art -  Set t ing up 

a network of electr ic bikes ( for rent - e.g. the network of bikes that can be rented 

in big ci t ies l ike Paris) -  Simulating the use of  the network and optimizing i t  

Theme 1 

Assessment of a sustainable electric car platform 

Importance 
to New 
Zealand 

New Zealand could be the pioneer in developing a total  solution. What the 

solution needs is a network that  al lows cars to charge easily and everywhere. 

New Zealand could develop a standard that could be appl ied globally.  The 

solution could ei ther be network of  charging points or a system for replac ing and 

servicing bat teries (currently tested in Israel) 

Research 
components 

Assessing state of the ar t. -  Sett ing up a pi lot  network of charging points and 

bat tery service points.  - Simulating power and battery needs for optimal  power 

distr ibution and service levels 

Theme 2 

Assessment of a sustainable electric bicycle platform 

Importance 
to New 
Zealand 

Electr ic bicycles are an excellent  add-on to car transportat ion. They could 

complement cars in urban environments. In order to make them widely accessible 

they need to be easi ly available.  Again New Zealand could set the standard in this 

domain. 

Research 
components 

Inventory of  the state of the art -  Set t ing up a network of electr ic bikes (for  rent - 

e.g. the network of  bikes that  can be rented in big ci t ies l ike Par is)  - Simulating 

the use of the network and optimizing i t  

Research 
Gaps and 
Opportunities 

Current technologies for electr ic  transport  lake a hol ist ic view. You need to 

provide a system where the user is not hampered by the use of an electr ic  

vehicle. Providing a network for  this is  cruc ial  and this can only be done by 

simulating i t  on a smal l scale and expanding it  to a bigger scale. 

Comments New Zealand is ideally placed for  this  as i t  no cars leave the country. This is  a 

perfect  test ing ground for this type of  concept. 

 
 
 

Entry ID 393  

Developing energy policy based on using non-fossil primary energy sources 

Summary The goal of this proposal  is the development of energy policy based on using non-
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fossi l  primary energy sources. The proposal  proposes a research programme with 

the fol lowing themes  

(1) Energy eff ic iency and recovery -  fur ther improvements in power generat ion 

ef f ic iency,  a systematic  approach to the construction of  smart  grids and demand 

side management etc.   

(2) Safe and secure fossi l  fuels - improving the eff ic iency of convers ion, supply 

and use of energy and the speedy demonstration and deployment of carbon 

capture,  transportation and sequestration to l imi t the environmental impact of the 

continuing use of these fuels  

(3) The renewables revolution - development of  substi tutes for  scarce mater ials  

(4) Energy Sector  Ski l ls - Ski l led chemical and process engineers  

Theme 1 

Energy efficiency and recovery 

Importance 
to New 
Zealand 

In the short  term, foss i l  fuels wi l l  remain the major  source of  primary energy for  

the world’s populat ion.  There are concerns around pr ice,  demand, availabi l i ty and 

the impact of  carbon dioxide emissions on our cl imate.  Technologies to reduce 

CO2 emiss ions,  inc luding CCS, must be developed and implemented globally. At  

the same t ime, chemical engineers must support the t ransi t ion to a decarbonised 

energy economy and a step change in energy ef f ic iency. In the longer term, global  

energy strategy should be based on nuclear power and renewables. At  present, 

renewables (solar , wind, wave, t idal)  make a very smal l contr ibution to energy 

production world-wide.  Solar  energy sees l imi ted appl icat ions.  Shortages of  

ref ined si l icon are hamper ing growth but manufactur ing costs are fal l ing.  Wind 

power is popular  with governments but  suf fers from high cost and intermittency 

issues. Wave power is st i l l  largely exper imental. R&D into alternat ive materials  

and product ion cost reduction is  needed, as well  as research into bulk electr ici ty 

storage. Many countries have legislated to st imulate biofuels and biodiesel 

production. However, a variety of challenges are apparent, including the 

avai labi l i ty of water , food crop displacement and the impact on biodivers ity. A 

bet ter understanding of the available options is  required via l i fe cyc le analysis 

and rel iable carbon foot  print ing. Fischer-Tropsch processes of fer an at tract ive 

route to renewable t ransport fuels but further research is needed. 

Research 
components 

Improving energy eff iciency is the most effective way of reducing energy demand, 

but  insuff ic ient progress is being made in this  key area.  A step change is  needed 

to increase eff ic iency throughout the electr ici ty supply chain. A megawatt saved is 

bet ter than a megawatt  made. Further improvements in power generation 

ef f ic iency are needed along with a systematic approach to the construction of 

smart  gr ids and demand side management to reduce both demand peaks and 

demand itself.  Advanced energy ef f ic iency and demand response management are 

very much in the domain of  the chemical  engineer and there are huge 

opportuni t ies in the global  power generation sector , which is  undergoing rapid 

change. Process integration,  with the aim of  opt imising the design and operation 

of  al l  energy intensive processes along with energy recovery f rom side and waste 

streams must be pursued wi th renewed vigour in al l  par ts of process industry. 
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Theme 2 

Safe and secure fossil fuels 

Research 
components 

In the short  term at least , foss i l  fuels  wil l  continue to play a major role in the 

wor ld’s primary energy mix.  However,  the wisdom of  simply ‘burning’ diminishing 

hydrocarbon resources is  becoming increasingly open to question and many 

commentators argue that their use as feedstocks for added value products should 

now take prior i ty.  Issues of  secur ity of supply,  global warming, process safety, 

fuel poverty and poli t ical  instabil i ty cont inue to make energy policy a challenge for 

governments.  The chemical  and process engineer ing activi ty in this core area is 

di rected towards improving the eff ic iency of conversion,  supply and use of  energy 

and the speedy demonstrat ion and deployment of  carbon capture, transportat ion 

and sequestration to l imit the environmental impact of  the continuing use of  these 

fuels. 

Theme 3 

The renewables revolution  

Importance 
to New 
Zealand 

Despi te the recession, total  global investment in renewable energy broke new 

records in 2010. Investment in renewable power and fuels reached $211 bi l l ion up 

32% on 2009. Worldwide, jobs in renewable energy industr ies exceeded 

3.5 mil l ion in 2010, with China, Brazi l  and India account ing for a large share of  

global total employment. Job opportunit ies wi l l  grow rapidly as markets expand 

and pressures for the automation of  manufacturing and economies of scale wi l l  

create new opportunit ies for  chemical engineers. 

Research 
components 

Biological routes to fuels and plat form Favourable regulation has st imulated 

activi ty in Europe and the USA and l iquid biofuels provided almost 3% of global 

road transport  fuel in 2010, though much of  this shows a negat ive impact on 

carbon dioxide emissions i f  land use change is  taken into account.  The economic 

viabi l i ty of bio refineries at scale remains unproven. Nonetheless,  the production 

of  biofuels from cellulosic  res idues and non-food crops presents the opportunity 

for a major advance that may address concerns over carbon balances,  water 

abstract ion and the compet it ion wi th food crops and poor energy ef f iciency. Other 

opt ions include algae-der ived biodiesel.   ‘Clean energy’  technologies, including 

solar PV, wind turbines and electr ic vehic les now account for around one f i f th of 

the global consumption of cr i t ical materials including rare earths and other key 

elements. Price r ises of  300-700% have been reported.  Chemical  engineers wi l l  

contr ibute to the development of  subst i tutes for scarce materials and deploy their 

sk i l ls  in order to achieve a step change in reducing mater ial  and energy f lows and 

environmental impact and increasing the recycle and reuse of  end of l i fe 

mater ials . Renewables wi l l  only contr ibute on a massive scale when cost par ity on 

the gr id is  achieved, either by pr icing in the cost of carbon abatement to the 

al ternatives, or  a step change in supply chain eff iciency, which drives down cost . 

Government intervention may deliver this goal in the medium term but the problem 

of  intermit tency and the lack of rel iable energy storage remains.   

Theme 4 
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Energy sector skil ls 

Research 
components 

Ski l led chemical and process engineers wi th a strong background in systems 

thinking and a f irm grasp of  sustainable development wi l l  be required to secure 

progress in al l  parts  of the energy economy. However,  in the developed 

economies past  peaks in recruitment have resul ted in a skewed workforce age 

profi le and ret irements wil l  take an increasing tol l  through to 2020. The ski l ls  

challenge may become part icularly pressing in Austral ia where approaching 100 

major  projects in the energy and resources sector  are reported to be at an 

advanced stage with a further 300 at an earl ier s tage of planning. A series of 

growth scenarios predict employment peaks between 40,000 and 70,000 around 

2014. Around 20% wi l l  be employed in managerial and professional  roles and the 

chemical engineer ing sk i l l  set wil l  c lear ly be in high demand. 

Research 
Gaps and 
Opportunities 

Capturing carbon Tight  gas,  inc luding shale gas and coal bed methane, has 

at tracted considerable at tent ion over the last decade and these new resources 

of fer improved energy secur ity, with a lower carbon footprint and new potential 

routes to petrochemicals. Nonetheless,  reserves are f ini te and the carbon 

challenge remains. CCS is a three stage technology, where CO2 is  captured f rom 

large point  emission sources, transported by a network of pipel ines,  before 

inject ion and storage in geological formations and depleted oi l  f ields.  The process 

of fers the potent ial  to remove 90% of CO2 from fossi l  fuel  electr ic i ty generat ion 

and industr ial processes including steel  making and cement production.  IChemE 

has consistent ly supported CCS and has recognised that  there are several routes 

avai lable, including post combust ion f lue gas scrubbing;  integrated gasif ication 

combined cycle, oxyfuel  combust ion as well  as more novel  technologies such as 

accelerated carbonation, catalyt ic uses in polyol production and algal growth.  

Safety and environmental  issues are a concern, but the Inst i tut ion remains 

confident that CCS of fers the potent ial  to l imi t the environmental impact of  foss i l  

fuels as the world transit ions to a truly low carbon economy and chemical 

engineers wil l  play a central  role. 

Comments Biofuels Convent ional ly, biofuels can be divided into three categor ies: f irs t 

generation der ived from edible sugars and starches,  second generation made 

from cel lulos ic plant materials and third generat ion sourced f rom marine algae 

and other microbial material .  First  generat ion biofuels have rel ied heavi ly on 

chemical process technology that  is  well  understood but  there are signif icant 

concerns over food crop displacement,  deforestat ion, the greenhouse gas 

implicat ions of fert i l izer production and the dis tort ing effect of  subsidies.  IChemE 

has argued that  much f irst  generation biofuels product ion does not  pass the 

sustainabil i ty test.  Advanced biofuels look more promis ing and could help the 

wor ld meet some of i ts  energy needs.  Chemical  engineers are involved in further 

work on the scalabil i ty, sustainabil i ty and cost  of biofuel product ion. In addit ion to 

the process engineering chal lenge, there is also demand for chemical engineers 

to embrace new areas of opportuni ty including synthet ic biology and the 

development and production of bacteria and enzymes with the potent ial to 

revolut ionize energy product ion.   Harnessing the sun Enough energy arr ives on 

earth in the form of incident radiation from the sun in one hour to meet the needs 
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of  every human being on earth for a year.  However,  sustainable biomass provides 

less than 1.5% of humanity’s energy needs and despi te rapid growth,  solar panels 

contr ibute just 0.1% of  energy production. Chemically engineered smart  materials 

are needed to deliver step change improvements in solar photovol taic  materials,  

fuel cel ls  and batter ies.  The chemistry community is  pushing hard to develop new 

photo act ive substances that  wil l  enable the mass production of f lexible and 

t ransparent solar arrays.   

 
 
 

Entry ID 396 

The Health & Wellbeing challenge 

Summary This chal lenge proposes to conduct research which investigates key issues 

related to the involvement of  chemical engineering in weal th creation (wi th the 

over lying goal  of  doing so to achieve sustainable prosper ity). Chemical 

engineering is  vi tal in establ ishing ef f ic ient energy generation; however ef forts  

need to be made to ensure that  advances incorporate a vis ion of environmental 

sustainabil i ty ( i .e. adherence to princ iples of 'green energy').  Other issues this 

challenge proposes to address are; establishing posit ive safety cul ture throughout 

the process industr ies, and invest igat ing the industr ial  potential of  

biological/biotechnological engineer ing. 

Theme 1 

Achieving sustainable prosperity 

Importance 
to New 
Zealand 

The 1992 Rio Earth Summit  made an historic commitment to sustainable 

development.  Twenty years on, and several summits later some commentators 

argue that human c ivi l ization has never been closer to ecological col lapse. A third 

of  humanity l ives in poverty and another two bi l l ion people are projected to join 

the human race over the next  40 years.  Chemical  engineering is  central to the 

weal th creation but  a balance must be struck with the need to protect the 

environment and build social  capi tal .  A step change in energy eff iciency is  needed 

alongside the adoption of  ‘c losed loop’ business models that wi l l  conserve scare 

resources via a cradle to grave approach to product design. Greater  emphasis 

should be placed on pr ior i t iz ing fossi l  energy sources for feedstocks rather than 

fuels and this suggests the adoption of  manufacturing strategies based on adding 

value c loser to source, as suggested in Austral ia and the USA. 

Research 
components 

The human right to a ‘sat isfactory environment’  is enshr ined in the legislat ive 

f rameworks of  many nations in the developed and developing worlds. 

Environmental  protection is a key component of the sustainable development 

concept; however some commentators argue that the role of chemical engineers 

in safeguarding the environment has become side- l ined in the sustainabil i ty 

debate. Environmental wellbeing can be secured through adherence to the 

pr inciples of ‘Green Engineer ing’  and chemical engineers should redouble their  

ef forts to apply these principles at the ear l iest stages in the design and 

development of a process or  product. 
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Theme 2 

Process safety leadership  

Importance 
to New 
Zealand 

Process safety is a cri t ical component of ‘wellbeing’,  not  just for the workers 

employed in high hazard chemical process operations and those who l ive in the 

immediate vicinity,  but  also for the reputat ion of the process industr ies and the 

chemical engineers they employ. The Macondo blowout in the Gulf of Mexico in 

Apr i l  2011 k i l led 11 men and resul ted in the release of  more than 4 mil l ion barrels 

of  crude oi l .  Deepwater Hor izon has taken i ts place alongside Texas City, Piper 

Alpha, Seveso and Flixborough in the lexicon of  process safety disasters. Clear 

and posi t ive process safety leadership is at the core of  managing a major  hazard 

and it  is vital that r isks are managed ef fectively.  In the developed economies the 

challenge is compounded by cost pressures and aging assets. Meanwhile in Asia 

and the Middle East,  rapid growth presents a di fferent challenge, but also an 

opportuni ty to learn from the incidents that  have come to define process safety. 

Chemical engineers must work with al l  stakeholders to reinforce the princ iples of  

process safety leadership and secure effective management of r isk throughout the 

process industr ies. 

Research 
components 

Process safety education and technology transfer: IChemE wi l l  continue to work to 

bui ld posit ive safety cultures throughout the process industr ies,  learn from past 

successes and fai lures by encouraging open dialogue and further develop l inks 

wi th regulators to ensure that  professional chemical engineers are posit ioned at  

the heart of  the process safety debate.  We wil l  pr iori t ize our effor ts to ensure that  

process safety accountabil i ty is defined and championed at board level  in the 

companies where our members are employed. 

Theme 3 

The biological engineering opportunity 

Importance 
to New 
Zealand 

Biological engineer ing offers great  potential to chemistry us ing industr ies 

wor ldwide;  however many chemical engineers have yet  to recognise the excit ing 

possibi l i t ies that exist  in the bio domain. Growth in this promising area requires 

new think ing to br idge the gap between biology and process engineering. Systems 

thinking can solve biological  problems on an industr ial  scale. IChemE wil l  act ively 

promote the development of  biological engineer ing as a professional discipl ine in 

i ts entirety and fac i l i tate interact ion between al l  sc ient ists  and engineers involved 

in this diverse f ield. 

Research 
components 

Biotechnology food processing; enzyme technology;  metabolic  engineering;  

synthetic biology  

Theme 4 

Cutt ing costs in pharma 

Importance 
to New 
Zealand 

Complexi ty in the manufacture of  act ive pharmaceutical ingredients (APIs) adds to 

the cost  base in an industry that  faces mounting f inancial pressure. Chemical 

engineering expert ise wil l  help reduce the complexi ty of API manufacturing 

processes and make them easier to scale up and control.  Core unit  operat ions,  
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including mixing, downstream separation and crystal l izat ion,  can improve the 

control  of product  character ist ics. The pharmaceutical industry is in a state of f lux 

and chemical  engineers can improve cost effectiveness in a whole range of areas 

f rom vaccine manufacture and oral  dosage formulation to val idation and the 

determinat ion of overal l  equipment ef fect iveness. 

Research 
components 

The application of  chemical  engineering from firs t princ iples wil l  br ing new insight  

to many health related chal lenges. Process system engineering can be used to 

model  organs and cel ls  in a similar manner to that  which has been applied to 

chemical plants for  almost a century. Fundamental chemical engineer ing sc ience, 

such as f luid mechanics, can be used to model blood f low and other bodily 

functions. Chemical engineer ing can improve drug del ivery and other treatments 

via the appl icat ion of process control princ iples.  Biosensors can be used to 

moni tor vital signs and, when coupled with an implanted microchip control l ing 

drug del ivery, automated t reatment wi th no patient interaction is  possible. 

Research 
Gaps and 
Opportunities 

The application of  science to publ ic debate  The macroeconomic and poli t ical 

context Chemical engineers do not  have a monopoly on wisdom and it  is essential 

that the community and the inst i tut ion engages across boundaries wi th other 

discipl ines in pursui t of  sustainable solutions to the water challenge facing our 

planet.  But we need to think beyond the technical dimensions of these challenges 

and contr ibute to the poli t ical process, both as informed c it izens and by using the 

platform that  IChemE provides to interact with pol icy makers and opinion formers 

and the general  publ ic. Whi lst  acknowledging the role played by the market  to 

varying degrees in the different parts of the world where IChemE members 

practice, the role of  legislat ion cannot be ignored. Evidence based policy making 

requires act ive engagement from scient ists  and engineers. IChemE wil l  speak out  

on a wide range of pol icy topics that impact on the heal th & wellbeing of people 

and the planet that we inhabi t 

Comments see http://www.icheme.org/media_centre/technical_strategy.aspx  

 
 
 
Entry ID 401 

Expanding the opportunities for wise energy systems and use in New Zealand for 
a future in a changing world 

Summary This chal lenge proposes to improve the sustainabil i ty of  our energy generat ion 

through the development of  novel , renewable energy technologies. Targets for  

such research include biofuel  production, wind turbines, t idal energy etc.  To 

maximise the benef it  from these technologies, they must be implemented at large,  

inter-connected scales. In order to ensure such wide-spread use, the publ ic must 

be well- informed and accept ing of their  benef its.  Publ ic engagement is also 

needed to ensure smarter , more ef f ic ient everyday choices are made. 

Theme 1 

Smart Technologies - Development of smart technologies to make the best of  our renewable 
energy and respond to variabil ity in supply and demand wil l help embed the transition to a 
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more sustainable energy landscape. 

Importance 
to New 
Zealand 

I t  is expected that c l imate change and international inf luences wil l  make for a 

future marked by instabil i ty.   To ensure New Zealand continues to function 

successful ly i t  wi l l  be essent ial  to develop technologies that  al low the energy 

infrastructure to cont inue operating.  

Research 
components 

Generation Technologies 

•  This wil l  include developing New Zealand’s Pr imary industry to del iver bio-

energy feedstocks eff iciently for processing into high value bio-co-products and 

bio-energy products. 

•  Development and demonstrat ion of  ef f ic ient generat ion of t ransport fuels from 

biomass using advanced technologies and processes. 

•  Investigating and enhancing co-activit ies wi th renewable energy generation.  Ie 

forestry and wind turbines, mar ine farms and wave energy devices. 

Distr ibuted Generation 

•  Developing and demonstrat ing community scale generation and models for 

ownership and funding such developments. 

•  Developing and implement ing technologies to enable connect ivity of  micro and 

community scale renewable generat ion. 

Storage Technologies and Techniques 

Storage and speed of response to changes are the solutions to high levels of  

res i l ience and renewable energy in energy systems.  I t  is a challenging topic that  

is  gaining a lot of  attention wor ld wide.  Effective developments in this area wi l l  

have many benef its  for  New Zealand not only in terms of greater  resi l ience of  our 

energy infrastructure but also in terms of wealth generation through the 

development of exportable expert ise and technology.  There is a need for storage 

solutions to be at the large grid-connected size and smal l household s ize.    

Electr ic cars may play a part in this.  The other method for greater res i l ience is to 

have an energy system that  can respond to changes quickly.  This wi l l  require 

development of high-tech devices that can sense the need for change and 

respond appropriately. 

I t  is expected that technologies developed in this space wil l  may have the effect  

of  creating paradigm shif t  in the way energy is generated, transmit ted and used.  

For this reason i t  is  important  to not restr ict  development to trying to pick 

winners. 

End Use Technologies 

Develop end-use technologies that wi l l  be able to interact wi th the energy 

infrastructure and al low it  ( the infrastructure) to respond to shock changes.  I t  is 

expected that some disrupt ive technologies may be present here and so i t  is 

important  to keep a wide portfol io of projects in this area.  The potential benefits 

for weal th creation from these developments are high but not as high as 

developments in s torage technologies. 
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Al ternat ive methods 

Transport is our largest  energy consumer and one that  can be al leviated wi th 

al ternatives to travel such as use of  telecommunicat ions, telepresence, and digi tal  

fabrication.  Developments and demonstration of  technologies and solutions is 

this area wi l l  help social ise the technologies that  are already present, increase 

uptake, and spawn further developments.   I t  is possible that disrupt ive 

technologies may be developed in this  area.   

Theme 2 

Smart Users -  The success of a transformed and responsive energy system is dependent on 
having smart users in the mix.  This theme looks at  methods for moving New Zealand’s 

energy users towards being informed enough to enable the energy system to operate with 
maximum effectiveness 

Importance 
to New 
Zealand 

I t  is expected that c l imate change and international inf luences wil l  make for a 

future marked by instabil i ty.   To ensure New Zealand continues to function 

successful ly i t  wi l l  be essent ial  to develop technologies that  al low the energy 

infrastructure to cont inue operating.  

Research 
components 

Personal Transport 

•  Develop and demonstrate new ways of  working to substi tute for t ransport.  How 

would society be bet ter arranges to reduce the need for  travel.   This can touch on 

urban design and avai labi l i ty of  rel iable and effect ive telecommunicat ions 

infrastructure to enable more non-transport choices. 

•  Making the choice to not t ravel  easy.   Develop and demonstrate ways in which 

the choice to subst i tute other act ivit ies for travel are an easy and ef fect ive 

solution. 

•  Investigating and demonstrat ing how an informed user can benefi t  f rom smart  

interactions with the energy infrastructures. 

Business Transport 

•  Developing and demonstrat ing ways in which people and good can be moved 

f rom one place to another (or not  moved) through the use of  smart high tech 

solutions such as telecommunication, telepresence, and digi tal  fabr icat ion. 

Process Heat 

Process heat is  not a high tech topic area, but methods for  enhanced abil i ty to 

shift  loads, store process heat, and use substi tute fuels/heat sources wil l  make a 

large difference to New Zealand’s energy infrastructure’s resi l ience.   Developing 

and demonstrating techniques and technologies to enable t ransi t ions to these 

sorts of systems wil l  be valuable to New Zealand and also have the potential to 

become exportable expert ise and products 

Theme 3 

Robust Energy Systems - As the effects of climate change begin to intensify the energy 
systems, society, and international pressures are expected to become more errat ic.  This 

theme is focused on ensuring New Zealand’s energy systems are able to withstand this 



 

39 
345415 v7 

variabil ity 

Importance 
to New 
Zealand 

Without a robust  energy system that  can wi thstand the f luctuat ions and extreme 

events expected in the future, many of New Zealand’s economic activit ies are at  

r isk,  as is the smooth funct ioning of  Society.  This work stream wil l  seek to 

mit igate these r isks. 

Research 
components 

Smart  grids for res i l ience 

In the past  New Zealand developed some world leading ski l ls in 

telecommunicat ions.   These ski l ls can be re-enl ivened to develop wor ld leading 

technologies in control  and connect ivity that enhances and accelerates the 

implementat ion and effectiveness of  smart grids.  This is an opportuni ty to grow 

exportable ski l ls , expert ise,  and products. 

Diversif ied Energy Portfol io to Protect  Against Supply Side Threats 

This works stream is to look at the best balance of energy sources (and demand 

side measures) that wi l l  work best  for  New Zealand in a carbon constrained future 

that is subjected to the extreme events brought about by cl imate change.  I t  wi l l  

also look at  techniques and technologies to ensure the energy infrastructure 

remains ef fect ive wi th a high level of  renewable energy sources supplying to i t .   I t  

wi l l  also consider the balance of technologies,  and fuels, and infrastructure for 

t ransport. 

The Role of Storage in Energy Systems Resil ience 

What technology, where, and how much are three questions that  this stream of  

research wil l  be able to address when looking at  how to best stabi l ise the energy 

infrastructure.  This wil l  also consider the reserves of  transport  fuel  (or  other 

methods) for ensuring New Zealand continues to funct ion despite variat ions in 

supply and internat ional  effects on fossi l  fuel  imports. 

 
 
 

Entry ID 402 

An automated, solar-powered, wireless, remote surveillance/data acquisition 
system. Includes, surveillance, fire- and earthquake-detection and remote 

access/control. Improves efficiency of managing large remote land areas and 
optimizes water/energy usage 

Theme 1 

Understanding New Zealand’s current and future agricultural, land and coastal management 
requirements,  deficiencies and threats to secure and profitable and sustainable operation.  

This knowledge is essential for establishing appropriate system features 

Importance 
to New 
Zealand 

New Zealand's national secur ity is paramount to the safety of i ts c it izens and 

assets. Maintaining compet it ive, environmental ly responsible and energy ef f ic ient  

operation of  agriculture, is of fundamental  importance in feeding the population 

and represents a signif icant  component of export  budget. 
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Research 
components 

Statis t ical  and market research would be necessary for  the col lat ion of  present ly 

avai lable bodies of  knowledge for  coastal survei l lance,  agr icultural  and land 

management operat ing methods, technologies and costs as well  as short- and 

long-term predict ions of  local and global economic, environmental and 

technological  change, would be necessary in order to determine the required 

features and potent ial return on investment for  the development of suitable 

technologies and to understand the impl icat ions of not  doing so. 

Theme 2 

The results from research and collation of stat istical  information and market research, would 
be used to make informed decision with respect to the system features needed. This would 

ensure that it meets performance, maintainabili ty and cost predictions 

Importance 
to New 
Zealand 

In order that any effective and economically viable product or  system can be 

developed, an internally consistent  and mutually supported marketing plan must 

be developed, ensuring that  i t  is  social ly acceptable, technological ly achievable,  

compet it ive, readi ly implementable and economically viable. Without embarking 

on quite signif icant prel iminary research, i t  would be very di ff icult  to quanti fy 

some of the aspects, implications and benefits  which this  system would 

encompass. 

> For example, what is  the value attached to national securi ty? 

> What is  the value of protecting the l ives of the c it izens of the country? 

> What is  value of preserving and maintaining the natural environment? 

> How would costs be dis tr ibuted for insurance payouts and premiums be affected   

wi th respect to damages result ing from natural disasters? 

> What would be the potent ial  losses in revenue appl icable to not  maintaining 

agr icul tural  technological compet it iveness? 

I t is clearly evident by considering these points, that  the value and benefi t  to the 

country is huge. 

Research 
components 

I t  is envisaged that owing to the considerable economic and technological 

investment already being appl ied to agriculture that  this area would occupy 

centre-stage and would init ial ly necessitate the most extensive research. Sub-

divisions in this category would also be necessary,  such as s ize and type of 

operation, which would include diary,  sheep, cropping,  winer ies,  orchards, and 

others,  each wi th their  own unique sets of requirements. 

Since the management of nat ional  parks and DoC land would not have such 

predominant ly economic interest , this area of  research would most probably be 

focussed on inter-operation with essent ial services, social acceptabil i ty and 

environmental responsibi l i ty. 

Coastal survei l lance would encompass ent irely di f ferent  areas of focus.  Some of  

these would inc lude border securi ty, search and rescue and f isher ies. 

Certain aspects of the proposed system would continue to evolve to meet 

progressive technological developments,  addi t ional feature requirements and 
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changing operat ing methods.  I t  would be appropr iate to segment the research 

into three broad categor ies,  being agr iculture, land-management and coastal  

survei l lance. 

This information could then be col lated and used to properly assess an overal l  

development s trategy. 

 
 
 

Entry ID 403 

Generating higher revenues, ensuring security of supply, and meeting industry 
and societal requirements through increased extraction of our geothermal 
energy, petroleum, mineral and groundwater resources, whilst minimising 

impacts on the environment 

Summary This chal lenge proposes to ensure that our future energy needs are sustainably 

taken care of . This wil l  require sediment basins within the EEZ to be extensively 

prospected and quantif ied, and then developing means to sustainably use the 

petroleum and mineral resources that they may provide.  Other avenues include 

harnessing geothermal f low to produce energy, and investigating unconvent ional  

petroleum sources (coal  seam gas etc.).  Methods must be developed to use these 

resources in a way that is environmental ly fr iendly.  

Theme 1 

Prospectivity to prosperity - facil itat ing greater exploration of our extensive Exclusive 
Economic Zone, so enhancing the discovery of new reserves of petroleum and minerals,  

leading to signif icant improvement in the New Zealand economy  

Importance 
to New 
Zealand 

Petroleum and minerals are currently among the country’s  highest export earners. 

Explorat ion injects around $1.5 bi l l ion a year into the economy and the 

Government receives over $2 bi l l ion a year in royalt ies,  levies and corporate 

taxes f rom oi l ,  gas and mining operations. Whi le signi f icant, the income could be 

much higher. New Zealand has jurisdict ion over the fourth largest  EEZ and ECS in 

the world, an area of 5.6 mi l l ion km2.  This vast  area has potent ial  to provide 

weal th f rom petroleum and mineral  extraction for  many generat ions to come. 

Explorat ion activi ty and success in such front ier areas depends on the avai labi l i ty 

of  good technical information.  The main barr ier  to real ising our ful l  geo-resource 

potential is the lack of  detai led knowledge of the structure and characterist ics of  

the 17 front ier sedimentary basins that  surround New Zealand, and the value of  

seabed minerals found along the volcanic arcs to the north and in the deep sea to 

the northwest and southeast . As there has been only l imited mineral explorat ion 

onshore, s igni f icant potential remains for extract ion of  precious and base metals.  

Increased provis ion of high-quali ty data and improved understanding of our 

potential geo-resource endowment through scienti f ic research wi l l  help the 

Government to promote New Zealand as a desirable destinat ion for exploration 

investment, and to optimise value from l icensing and industry act ivity. Increased 

activi ty wi l l  lead to discover ies,  bringing new revenue f lows and a host of spin-of f 

economic benef its  nat ionally and local ly.   
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Research 
components 

1. Front ier  offshore basins,  and associated petroleum system analysis:  The 

petroleum systems of our frontier  basins need to be studied in more detai l ,  both to 

quant ify the resource potent ial  and to at tract  investment and activity by petroleum 

explorat ion companies.  The fundamentals of  basin structure and evolution need to 

be complemented by an understanding of  the distr ibution and characteris t ics of 

source and reservoir rocks  and a semi-quanti tat ive evaluation of  petroleum 

generation, migration and trapping,  in order to del ineate the most prospect ive 

areas for explorat ion.  

2.  EEZ minerals:  Enhanced knowledge of the or igins and extent  of  al luvial 

minerals,  seaf loor massive sulphides, ferromanganese nodules and crusts,  and 

gas hydrates is  needed to spur interest  by offshore mineral  exploration 

companies, especial ly in currently unexplored regions such as the Havre Trough 

and Colvi l le Ridge to the north of  New Zealand.  

3.  Onshore minerals: Enhanced prospectivity of on-land precious metals, 

par t icularly gold, s i lver  and plat inum group is  needed to expand and broaden 

mining activi t ies and increase the current revenue stream for the government.   

Theme 2 

Security of  supply – ensuring New Zealand is resil ient to global restrict ions on the 
availability of strategic energy and minerals resources 

Importance 
to New 
Zealand 

New Zealand is a small country,  distant from al l  hubs of global  activity. We are 

vulnerable to erratic supply or pr ice f luctuations of  essential commodit ies,  

part icularly petroleum and strategic metals. The best  way to buffer  against this is 

to establish an indigenous supply of st rategic resources, both in terms of volume 

and variety.  Current ly,  our ut i l isat ion of  geothermal energy, part icular ly in terms 

of  the deep and shal low resource is  less than opt imal,  and we have yet to ful ly 

explore the potent ial of unconventional petroleum resources such as coal-seam 

gas, shale gas and gas hydrates.  Realis ing the ful l  potential of industr ial minerals 

such as c lays,  zeol i tes,  bui lding stone etc. wi l l  have benef its  both in terms of 

import substi tut ion (reducing overseas debt)  and developing local industr ies. Both 

geothermal and industr ial mineral development are of  part icular interest to Māori ,  

who have governance over many of the r ichest  resources.  

Supply of  strategic metals  such as copper and nickel is  becoming more cr i t ical  

globally as the demands from ‘green energy’  technologies (wind turbines, 

bat ter ies, solar  panels etc.)  outstr ip production and recycl ing. An indigenous 

supply of such metals wil l  buf fer the country against shortages and pr ice hikes 

that wi l l  inevitably become commonplace in the future.  Avai labi l i ty of  aggregates 

for construct ion is another key rel iance issue that  has received scant at tention to 

date. Secure supplies of groundwater are also vi tal  to underpin our biological and 

manufacturing industr ies, and wil l  be even more so in the future as surface 

supplies become increasingly in demand for domest ic use 

Research 
components 

1. Enhancing geothermal use: The extremely high heat f low in central North Island 

has provided New Zealand with a rare endowment of geothermal energy,  which is 

current ly under-ut i l ised. By tapping deeper sources, and better ut i l is ing low-

temperature resources, a doubl ing of current  electr ici ty generat ion is  considered 
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possible. Further research is  cr i t ical to exploring both these possibi l i t ies. 

2.  Investigating unconvent ional  petroleum sources:  Enhanced research into the 

potential of coal-seam gas,  shale gas and methane gas hydrates is  needed to 

establish their future viabi l i ty.    

3.  Real ising mineral  technology opportuni t ies: Processing of  New Zealand’s 

diverse and abundant suppl ies of industr ial  minerals (clays, zeoli tes etc.)  is  

required to ful ly develop their potential as import subst i tutes, and as the basis for  

new or enhanced local industr ies.   

4.  Ensur ing the avai labi l i ty of aggregate suppl ies: Signi f icant issues around the 

future avai labi l i ty of aggregate for infrastructure construct ion ( i .e., c losure of 

inner-c ity and r iverine sources) need to be urgently addressed. 

5.  Determining the availabi l i ty of s trategic metals:  New Zealand has some 

potential for s trategic metals , including rare earth elements, which has yet to be 

ful ly investigated. 

6.  Maximis ing groundwater availabi l i ty: Al though the locations of our major 

groundwater aquifers are known, there is  st i l l  a great deal  to learn about their 

detai led plumbing systems.   

Theme 3 

Stewardship – minimising environmental impact whilst realising the full  benefits of our 
natural endowment of  geothermal energy, petroleum, mineral and groundwater resources  

Importance 
to New 
Zealand 

In a compet it ive wor ld i t  is in New Zealand’s best  interest to take advantage of 

our natural resources with which our nation is  well  endowed. However,  a 

compromise is  required to al low us to use our inventory of geo-resources while 

preserving the integri ty of  our  other natural  assets. New Zealanders have great 

respect for their  natural environment,  and the ecosystems that exist  within i t .  In 

real is ing the benefits  that wi l l  ar ise from increased geo-energy,  mineral and 

groundwater extraction, i t  is imperat ive that the impacts on the natural  

environment are minimised (recognising that  there wi l l  always be some impacts 

f rom such activit ies).  In permitt ing extract ion activi t ies the Government, guided by 

expert  advice,  must weigh up the posit ive impacts (export revenue, jobs,  and 

security) against the negative impacts ( impacts on biodiversi ty,  ecosystems, 

landscapes and the atmosphere). It  is vital to understand the true magnitude of 

the impacts and f ind ways to mit igate them. Such informat ion is cr i t ical i f  the 

Government is  to develop sound, evidence-based polic ies and regulat ions around 

mining activi ty,  and the industry is to be equipped with appropr iate knowledge and 

tools to deal wi th regulat ions, and any issues that may arise. This theme 

addresses specif ic s ide ef fects of  developing key resources, and ut i l ises s imilar 

research capabil i ty and special ist expert ise to that required to delineate the 

resources 

Research 
components 

1. Responsible petroleum development:  Investigating ways to mit igate the r isks 

associated with hydraulic  fracturing, deep sea dri l l ing,  and seismic surveys  

2.  Responsible mineral  development:  Investigat ing ways to mit igate the r isks 

associated with acid mine drainage, marine sediment plumes, and disturbance of  
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marine ecosystems  

3.  Sustainable geothermal development:  Investigating ways to mit igate the r isks 

associated with geothermal development, including ground subsidence, reduct ion 

of  thermal features, reduced biodiversi ty,  and pollut ion of waterways 

4.  Balancing the carbon budget: Developing opt ions for  carbon sequestration, 

part icularly for enabling the use of  giant gas f ields with >10% natural  CO2 

5.  Improving groundwater  qual i ty: Invest igating the cause and effect  of  

groundwater contamination,  and developing appropriate mit igation strategies  

Research 
Gaps and 
Opportunities 

The fol lowing ini t iat ives would signif icant ly boost al l  three goals of this challenge 

– increasing New Zealand’s prosper ity,  enhancing secur ity of supply,  and 

improving responsible management and public  acceptabi l i ty of extract ion 

operations. 

1.  More ship-t ime to explore front iers and for ecological  baseline research: This is  

a ‘big t icket’  i tem, requir ing several  $M addi t ional each year due to the high cost  

of  research vessels [withheld due to commercial confidential i ty].  Our vast EEZ wi l l  

take many decades to ful ly explore, but an intensive,  targeted effort in the near-

term would pay substant ial dividends.   

2.  Enhanced data management: This is  a key component for the Government to 

promote explorat ion activity.   

3.  Regional geochemical and geophysical mapping: This is  cri t ical for 

prospectivity assessment on land and near-shore, and has spin-of f benefits  in 

agr icul ture,  forestry and regional health.    

4.  Re-establishment of  mineral processing research capabi l i ty:  This is necessary 

for the development of new mineral technologies.  

5.  Establishment of a vi rtual  centre (hub) for geo-resources research:  This would 

help to coordinate research activit ies, which are current ly carried out  by several  

di f ferent agencies. I t  would also enhance interaction with consultancies and 

industry.     

6.  Research into carbon sequestrat ion:  Technical ly similar to petroleum research,  

this current ly receives l i t t le funding, inhibit ing development of future gas f ields 

and associated regional industry. 

7.  Research into unconvent ional  petroleum, aggregates and mineral technology 

opportuni t ies: These al l  represent opportunit ies that are largely un-researched at  

present. 

8.  Development of  advanced technologies: This is  necessary to ef fect ively explore 

our terr i tory and assess our resources.  

Comments Much of New Zealand’s past  wealth has been generated from physical resources 

that l ie on or  beneath the land’s sur face or seabed – so-cal led geo-resources. 

There is  vast  potent ial  for  even more such wealth generation. For instance, 

extrapolation of geological understanding of Taranaki Basin,  now a s igni f icant oi l  

and gas producer,  to other basins around New Zealand suggests that, in t ime, 

commercial petroleum discover ies there are highly l ikely. With increased revenues 
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f rom geo-resources, the Government could ease current  f iscal  constraints and 

invest more on social  programmes (health, wel fare, pol icing, ret i rement) and in 

future-proof ing the nat ion via R&D and education, thus enhancing the well -being 

of  al l  New Zealanders.   

This chal lenge is del iberately focused on geological  resources to ensure that the 

research community can address key strategic issues in a coherent way,  without 

being diverted by other essential ly disconnected ( though important) concerns. I f  

other ‘natural resources’ such as soi ls,  f isheries, and forests were included, 

established research interconnections, which are well  sui ted to addressing the 

stated goal may be weakened. The over-arching tenet is  to optimise the use of our 

geo-resources endowment in a systematic , planned way, gathering as much 

sal ient  technical  data as possible, to make wel l- informed decisions on optimis ing 

the explorat ion and development process. A paral lel tenet  is  that geo-resources 

can be developed without undue environmental  harm. Potential  research 

col laborators inc lude univers it ies (Victor ia,  Auckland, Otago, Waikato,  

Canterbury,  Massey,  Lincoln), NIWA, ESR, Landcare and CRL. The general  thrust  

of  the chal lenge is supported by mineral industry associations Straterra and 

NZMIA. 

 
 
 

Entry ID 413 

Transforming New Zealand’s energy systems for a sustainable future 

Summary This chal lenge proposes to change New Zealand's energy management systems to 

al low us to better adapt to instances of uncertainty/var iabi l i ty. This wi l l  be 

achieved by increasing our energy- independence and reducing our rel iance on 

foreign fuel imports. This wi l l  require the development of  ' transit ional '  

technologies and infrastructure,  as wel l  as co-opt ing exist ing 

technology/infrastructure for  more ef f ic ient  use. In order for  this to be achieved on 

a national scale,  society must be engaged in this 'energy transit ion'. 

Theme 1 

Building energy security and resil ience into the whole energy system 

Importance 
to New 
Zealand 

The Christchurch earthquakes served to i l lustrate the inadequacies of New 

Zealand’s preparedness to respond  to a shock change when, for example, 

compared to the decisive act ions of other governments in s imilar si tuat ions (eg 

the recent natural  disasters in Japan and New York).  New techniques wil l  be 

needed to ensure New Zealand can respond more quick ly to changes brought 

about by natural disaster , cl imate change and external  economic and supply 

perturbations.  

Not only must processes change to meet to the expectations of  society around 

responses to shock changes/events, but  also ensure our energy technologies 

would be able to handle the increased level of var iabi l i ty expected – physical and 

economic. 

One aspect of this is energy securi ty through reduced import  of fuels  (foss i l  and 
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biofuels), and the growth of  domestic  production of bio-based t ransport fuels. 

Research 
components 

•  Developing a whole-system view of  New Zealand’s current energy system and 

changes required for future energy securi ty including: 

Supply and demand across al l  forms of energy 

Sources of  energy and carbon intensity 

Risks associated with speci f ic  energy sources, demand changes and potential 

scenarios 

•  Analys is and pr iori t isation of energy needs and energy opt ions for cr isis 

management 

•  Identifying opportunit ies to mit igate key areas of  r isk 

Adaptabil i ty of technology – what can we do to ensure technology introduced now 

is  going to be resi l ient  or help our resi l ience? 

Technical  future proofing 

Reducing our consumpt ion of imported l iquid fossi l  fuels 

Energy sel f-suf f ic iency for New Zealand – economic model l ing ( ie what does i t  

look l ike?) and what is  the value? 

What is the r isk of New Zealand being outbid for fuel  supply?  What can we do to 

mit igate this r isk? 

Is  there a social  value in having a broader range of transport options?  

Deal ing wi th rapid response requirements in emergency situations to meet 

society’s expectat ions  

Capturing effects of changes through ongoing monitor ing 

Theme 2 

Transitional technologies and infrastructure 

Importance 
to New 
Zealand 

I t  is recognised that  in order to transit ion to a more res i l ient,  eff ic ient and 

sustainable infrastructure for  energy supply, energy t ransmission/ transport and 

energy use, New Zealand needs to build up i ts capaci ty in areas that have been 

eroded or  have not been required in the past.  I t  is also recognised that  some of  

the supply chains in New Zealand are constraining our abi l i ty to make the 

t ransi t ion.   There is  a need to c learly identi fy and character ise these internal 

constraints and come up wi th solut ions and systems that  wil l  al leviate them. New 

Zealand’s ‘sof t ’  inf rastructure of regulations, s tandards and governance also 

needs to be appropriate to support  transit ions in the energy system.  

This stream also recognises that  the electr ic i ty grid and other fuel infrastructure 

can be made more robust whi le also making i t  more ef f ic ient by reshaping it  to 

include an improved abil i ty to control  the channels, route around problems, and 

include more storage capaci ty in various forms ( including larger transport fuel  

reserves). 

Research 
components 

Drawing on the f indings in Theme 1:  

•  an analysis of  exis t ing hard and soft infrastructure,  i ts  strengths and 

weaknesses 

•  an analysis of  technologies avai lable worldwide and relevant to the New Zealand 
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ci rcumstances  

•   ident ifying areas where exis t ing technology and hard infrastructure already in 

the system can be put to bet ter use 

•  Identifying areas where al ternative technology and new hard and soft  

infrastructure should be introduced 

Bui lding up capabil i ty to respond to extreme events and perturbations and 

external  pressures 

How are New Zealand suppl iers/supply chains constraining transit ion? 

Forming new energy architectures 

Theme 3 

Engaging society in the energy transition 

Importance 
to New 
Zealand 

At present, energy supply is taken for granted by most of society, and there is  

l i t t le understanding of the t rade-of fs involved in choices around supply and 

demand. .  At the same t ime there is widespread concern about fuel and 

electr ici ty pr ice r ises,  opposit ion to new energy developments such as wind farms, 

and slow uptake of energy ef f ic ient technologies and practices.  An improved level  

of  societal  understanding can help support  good decision-making about 

t ransforming New Zealand’s energy infrastructure to become more res i l ient and 

robust.   The uptake of household-level supply (e.g. PV) and demand (e.g. electr ic  

vehicles) and demand-side management (e.g. home energy management systems) 

wi l l  also require a more informed public and well- trained trades people and 

retai lers.     To occur smoothly,  the energy transit ion wi l l  involve a better  informed 

publ ic and a cultural change in energy behaviour across much of  the New Zealand 

population. 

Research 
components 

•  Improve knowledge about current  publ ic percept ions,  social norms and 

aspirat ions relat ing to energy systems transit ions in homes, businesses and 

t ransport 

•  Develop communicat ion tools to bet ter engage the publ ic in understanding and 

having input into the trade-offs relat ing to future energy choices 

•  Review suitabi l i ty of trade training to support  future energy systems, and 

develop new training where necessary   

•  Develop community-specif ic and social ly appropriate messaging to support 

uptake of  new energy technologies and practices and l i f t  awareness so that  

people can see the l ink between the energy they use, where i t  comes from, and 

what the true costs are. 

•  Develop an integrated cross-stakeholder ‘energy pathways calculator’ for  New 

Zealand which al lows di fferent energy supply and demand scenarios to be tested 

against a range of cri teria. 

•  Provide policy-makers and other key agents of change with the necessary 

(evidence-based) information to st imulate and inform decision-making. 

Understanding the mechanisms for  implement ing behaviour change 

Shi ft ing society’s understanding of  energy and its scarc ity/value (this is us ing the 

above ‘understanding’  research). 
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Decis ion-making sk i l ls  upgrade for  transforming New Zealand infrastructure 

Crowd sourcing and revolving funds approaches to funding energy init iat ives – 

how would this work? 

Theme 4 

Demonstrat ing alternative energy systems in a carbon constrained world 

Importance 
to New 
Zealand 

I t  is important  to demonstrate that comfortable/high-tech solutions that  reduce our 

energy consumpt ion and use/generate energy sustainably do not mean reduced 

energy services and thus desired quali t ies of l i fe.  I t  is also about being smart and 

making bet ter use of  technologies (that we have at  present) in smart  ways to 

signif icant ly reduce energy for travel or  the transport of  goods.   This stream 

focuses on demonstration.  I t  is  recognised that many of the technologies needed 

are already present,  but  they just  need to be used in more innovative ways.  By 

pr iori t is ing retrofi t  solutions,  using current and emerging technologies, innovat ive 

solutions can be rol led out much sooner and more widely than possible i f  new 

technologies and solutions are sought. 

Research 
components 

•  Determining the real energy use of the di fferent elements of New Zealand l iv ing 

•  Establishing examples of alternative energy systems that  could be applied 

incremental ly and which would work on ei ther  a smal l or large scale 

•  Establishing indices of qual i ty of l i fe, and relat ing these to energy consumption  

•  Establishing large-scale demonstrations of  sustainable energy solutions 

incorporating household, business,  transport and community init iat ives 

A picture of  a decarbonised world to demonstrate that  a genuinely acceptable 

standard of l iving can be maintained. 

Tr ial/pi lot systems of  embedded generation/storage - retrof i t  a pr iori ty 

Research 
Gaps and 
Opportunities 

New Zealand is fac ing s igni f icant current  and challenges in the supply and use of  

energy.  These challenges include the economic impacts of  fuel pr ices for national  

and internat ional  transport;  greenhouse gas emissions related to electr ici ty 

generation and energy use,  part icularly in the transport sector;  technical  and 

social challenges of moving to 90% renewable electr ici ty generat ion; the rel iance 

of  New Zealand’s transport systems on imported oi l ;  the impact of increasing 

distr ibuted generat ion on current distr ibut ion networks;  the extremely poor 

thermal comfort of much of New Zealand’s housing stock and associated heal th 

issues; technical,  environmental and safety issues relat ing to offshore resource 

exploi tat ion; Treaty issues relat ing to water and energy resources; and signif icant  

challenges in achieving energy ef f iciency changes in businesses and households.    

Changes in the global  market such as high steel prices, decreasing costs of PV, 

low coal  prices, and high/f luctuating oi l  pr ices and carbon pr icing are also 

impacting on the energy sector.    

Cl imate change responses and impacts are also l ikely to exacerbate these 

challenges.  The Internat ional  Energy Agency has coined the phrase ‘energy 

environmental revolut ion’  to describe the scale of  change that  i t  considers is 

required globally to respond to the combination of cl imate change and changing 

avai labi l i ty of energy resources. 
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While New Zealand is  for tunate in i ts high proport ion of  electr ic i ty generated f rom 

renewable sources,  i t  is  l ikely to face increasing pressure to change from the 

dominance of  foss i l  fuels  as an energy source in sectors such as t ransport , dairy 

processing and steel manufacture, or  at the very least  signif icantly improve 

ef f ic iencies.  This wil l  bring both predictable and unant icipated challenges for 

energy markets, government pol icy and energy consumers.   

Two exist ing documents already point to much of the research effor t needed.  The 

MoRST Energy Research Roadmap (2006) provides useful and, largely, s t i l l  

relevant pointers to research needs on the supply side.   The FRST Demand-Side 

Research Strategy:  A system-wide approach (December 2010) outl ines research 

challenges and needs in the area of energy consumption.  The existence of both 

documents however points to one of the greatest research gaps - an 

understanding of  the ent ire energy system, both what al ready is in place and what 

technologies and capabi l i t ies New Zealand wil l  need to bring to bear on energy 

challenges.    

For New Zealand to navigate this energy t ransi t ion successful ly, i t  wi l l  need to 

adopt a coherent, whole-system approach, wi th mul t i-discipl inary research 

contr ibuting to the challenges of transit ioning to c lean, af fordable energy 

supplies, ef f ic ient energy use, and low-carbon t ransport systems.  

While much is known in specif ic  technical  areas, the key short fal l  is  in working on 

a whole (energy)  system basis.  This National Science Challenge takes this as i ts  

start ing point.  The research required is a sophist icated gap analysis , projects to 

plug the knowledge gaps ident if ied,  and then the development of frameworks 

encompassing the whole energy system to afford an integrated appl icat ion of  the 

knowledge. 

 
 
 

Entry ID 414 

National energy self-sufficiency, defined by a target of net zero fossil-fuel 
imports into New Zealand 

Summary The goal of this proposal  is to establ ish national energy sel f-suf f ic iency as 

def ined by a target  of  net zero fossi l- fuel  imports into New Zealand.   

The themes include: 

1.  Optimising Supply - stocktake /  projections for indigenous fossi l  fuel  suppl ies,  

review strategy to determine best mix of  future pathways,  consider specif ic 

opportuni t ies etc.  

2.  Optimising Use and Distr ibut ion -  supply/demand load balancing in electr ici ty 

sector,  explore new more ef f ic ient forms of electr ici ty distr ibut ion etc.   

3.  Energy-Eff icient  Machines and Systems - improving eff ic iency of high 

consumpt ion industr ies, power appl ications of  High Temperature Superconductors  

4.  Responding to societal  trends and preferences -  sociological survey of energy 

use in New Zealand providing bet ter information and informing a strategy for  

easier and more user-f r iendly ways to harvest untapped energy eff ic iency 
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improvements and usage, opt ions to reduce transport needs, understand ci ty 

versus rural requirements etc. 

Theme 1 

Optimising Supply 

Importance 
to New 
Zealand 

•  Maximis ing the economic value of al l  New Zealand’s natural sources of energy 

supply 

•  Within this,  optimising New Zealand’s use of c lean renewable sources of energy 

•  Lowering New Zealand’s dependence on offshore supply of  foss i l  fuels and the 

uncertainty and  associated r isks 

•  Reducing Greenhouse gas emissions in l ine with Kyoto commitments 

•  Increasing f lexibi l i ty to serve New Zealand’s dispersed population and 

geography wi th distr ibuted energy product ion 

•  Being a global  leader and exporter  in energy supply technologies 

•  Spi l l-over benefits in jobs and New Zealand reputation for 100% Pure 

Research 
components 

•  Stocktake / project ions for  indigenous fossi l  fuel suppl ies,  inc luding fuel 

supplies in the bio and geothermal areas 

•  Review strategy especial ly  access and extension  for  renewable supplies 

(hydro, geothermal, wind, wave, t idal,  solar, biofuel) to determine best mix of 

future pathways.    

•  Consider specif ic opportuni t ies for  l ignocel lulos ic biomass, specif ical ly f rom 

waste bark from the Forestry industry,  and third- and fourth-generat ion l iquid 

biofuels from algae 

•  Review and develop new and more ef f ic ient ways of  t ransport, harvest ing New 

Zealand specif ic advantages  e.g. wind for  transport  ,  high urbanisation)  

•  Technologies for  clean use of New Zealand’s own  fossi l  fuel resources (coal , 

gas, l igni te) 

Theme 2 

Optimising Use and Distribution 

Importance 
to New 
Zealand 

•  Increasing eff ic iency of  exis t ing energy supply, distr ibution and use 

•  Reducing r isk to consumers and businesses of both short  and long-term short-

term demand and supply var iabi l i ty 

•  Reducing dependence on fossi l  fuels for transport 

•  Increasing f lexibi l i ty to serve New Zealand’s dispersed population and 

geography wi th distr ibuted energy product ion 

•  Being a global  leader and exporter  in energy distr ibut ion technologies 

Research 
components 

•  Supply/demand load balancing in electr ici ty sector 

•  Explore new more ef f ic ient  forms of electr ici ty distr ibut ion 

•  Novel  energy storage ( l iquid gaseous, sol ids)  e.g. hydrogen as an energy 

storage and dis tr ibution tool 

•  Electr i f ication of transport  and energy storage needs for this 

•  Improved local energy generation and  distr ibution 
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Theme 3 

Energy-Efficient Machines and Systems 

Importance 
to New 
Zealand 

•  Increasing eff ic iency of  our major energy- intensive activi t ies and industr ies 

•  Reducing the cost  of access to advanced technologies and opening up new 

technologies 

•  Income from major export  and supply chain opportuni t ies 

•  Reduced Greenhouse Gas emissions in l ine with Kyoto commitments 

Research 
components 

•  Improving eff ic iency of high consumption industr ies 

•  Power applications of  High Temperature Superconductors 

•  New bui lding design enabl ing better usage of resident ial  energy use 

•  More eff ic ient  agr iculture & dairy infrastructure 

•  Reduct ion of greenhouse gas emiss ions in industr ial ,  resident ial  and dairy 

energy use 

•  Appropriate incentives to encourage change 

Theme 4 

Responding to societal trends and preferences  

Importance 
to New 
Zealand 

•  Understanding the shif t ing global  context  wi thin which the previous themes sit  

and in part icular , the impact on New Zealand  

•  Understanding the opportuni t ies of , and how to use, new global technologies 

that support the previous themes 

•  Understanding New Zealand’s own demographic drivers 

Research 
components 

•  Sociological survey of energy use in New Zealand providing bet ter informat ion 

and informing a strategy for  easier and more user fr iendly ways to harvest 

untapped energy eff ic iency improvements and usage 

•  Exploration of  Tele-working technology, cloud data shar ing to reduce t ransport  

needs 

•  Understand c ity versus rural requirements and how to target  both groups with 

specif ic  s trategies (publ ic transport,  local energy generation and use) 

•  Survey of impact of an aging and growing population of energy use pat terns and 

improvement opportunit ies 

Research 
Gaps and 
Opportunities 

Numerous – investment in energy research is a very smal l proport ion of  

government supported research investment and has general ly decl ined during a 

long per iod of low global oi l  pr ices in the past 20 years.  Other countr ies such as 

Brazi l  invest much more. 

Comments In order to achieve this objective the general  population must be educated about 

the advantages and acceptance of new technologies e.g. biofuels.   This wi l l  

require a media campaign by the government and education in schools and the 

general public  to raise awareness. Outreach activit ies from scient ists working in 

this area should be encouraged to achieve this . Only when the public  are 

educated wi l l  they support  government to invest more into these new 

technologies. 
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Entry ID 432 

Energy Transformed — Fostering an Energy Transition for New Zealand - To 
make New Zealand energy supply 100% renewable by 2030  

Summary This chal lenge proposes to achieve 100% energy sel f-suff iciency. Avenues for  

research include renewable energy sources such as wind/solar/t idal /geothermal 

etc.,  developing biofuels for  transport , improving energy-use throughout industry, 

and improving energy use throughout the household. This wil l  require exis t ing 

technology to be co-opted, and new technologies to be developed. 

Theme 1 

Electricity Supply 

Importance 
to New 
Zealand 

The New Zealand electr ic i ty supply currently (2011) gets 76.7% of i ts supply in 

GWh from renewable generation.  In the past  i t  has been up to 91.4% from 

renewable generat ion (1980).  Gett ing close to 100% should not be a large 

problem but there wi l l  be issues coordinat ing storage and transmission especial ly 

wi th regards to incorporating large amounts of intermittent sources such as wind 

and solar .  Crit ical  research components wil l  inc lude investigating and opt imising 

the use of:  wind energy;  solar energy; t idal f lows and other marine energy;  

geothermal energy;  and biomass.   There wil l  also be a need for s ignif icant  grid 

integration and model l ing studies  

Theme 2 

Transport  

Importance 
to New 
Zealand 

The use and integrat ion of  electr ic vehicles, biofuels and publ ic t ransportation 

needs to be considered in a ful l  systems context . 

Theme 3 

Energy in Industry 

Importance 
to New 
Zealand 

Energy ef f iciency in industry, and seeking al ternat ives for coal in s teel  & concrete 

making would be among the foremost priori t ies. 

Theme 4 - Energy in Households  

Theme 5 - Energy Linkages  

Research 
components 

Theme 4 — Energy in Households  

This Theme encompasses a suite of inter-related components inc luding: Passive 

solar house design; urban design; Healthy indoor environment;  Insulation and 

energy ef f ic ient appliances;  and PV for roof tops as retrofi ts and as building 

integrated  

Theme 5 — Energy Linkages  

This Theme would look to maximise the connect ions of  the activity in the above 

Themes wi th other Challenges such as in Climate Change, Sustainably Prof i table 

Pr imary Industr ies and High Value Manufactur ing.   I t  would also involve national 
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energy model l ing and l inkages internat ional ly. 

Comments The Univers ity of Otago has worked wi th the Nat ional Energy Research Insti tute 

(NERI)  in developing i ts submission and support the framework they have 

provided.   

 
 
 

Entry ID 447 

Energy and the Environment  

Summary This chal lenge proposes research into energy and environmental issues, leading 

to low emission industr ial processes,  new forms of energy generation, wi th 

improved energy security and improved natural resource ut i l isation and 

management.  Research themes wi l l  focus on developing systems which best 

ut i l ise New Zealand's renewable energy stocks ( i .e.  wind, t idal , biological) , 

explor ing novel opt ions for energy product ion (such as the use of  gas hydrates) , 

developing waste- to-energy systems that maximise production ef f ic iency, and 

developing transmission/distr ibution systems which maximise overal l  energy 

ef f ic iency (with both industr ial/domestic  appl icat ion).   Long term strategic 

pathways wi l l  need to be devised to ensure that New Zealand migrates to these 

new energy systems wi th the least  r isk 

Importance 
to New 
Zealand 

I f  New Zealand is to achieve its  ambit ions to bui ld a stronger manufacturing base, 

we wi l l  require a reduced rel iance on imported energy both in direct  products (e.g. 

oi l)  and indirect energy forms (such as plast ics for secondary processing). In 

addi t ion, the at traction of internat ional  investment into New Zealand wil l  require 

presentat ion of a special value proposit ion to those investors.  A rel iable, secure,  

low cost  (relat ively)  and green energy situation in New Zealand is a major catalyst 

to secur ing such investment and enabling New Zealand manufacturing industr ies 

to grow and be international ly competit ive.   

Successful  outcomes wil l  lead to: 

•  Increased growth in New Zealand’s manufacturing base. 

•  New investment real ised to support  the above. 

•  Greater product ivity within our manufactur ing industr ies. 

•  New industr ies based on energy and industr ial products and related ICT 

and simi lar systems – including new energy crops that  do not compete 

wi th food. 

•  Enhanced environment. 

•  Spi l l-over benefi ts notable in new, sustainable transport opt ions. 

Theme 1 

Renewable Energy – Realise the potential of New Zealand’s natural energy systems 

Importance Exposure to world-wide energy resource deplet ion and unmanaged exploitat ion of  
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to New 
Zealand 

New Zealand renewable energy resources mit igates against growth of 

manufacturing capabil i ty in New Zealand and i ts need for lowest cost and rel iable 

energy wi thout compromising the environment.  

Should we address this then we could expect  to achieve the fol lowing benefi ts:   

•  An internationally compet it ive manufacturing industry in New Zealand. 

•  At tract ion of green investment to New Zealand to support growth of  our 

industr ial  base. 

•  Expansion of new products and export value creation. 

Research 
components 

•  Develop systems that permit  bet ter exploi tat ion of  New Zealand’s 

renewable energy stocks and overcome barriers to uptake (e.g. dist r ibuted 

biological resources). 

•  Explore options to uti l ise not  yet  commercial  opportuni t ies for  energy 

production, such as use of hydrates. 

Wind,  t idal,  geothermal,  biological, other energy system (e.g.  hydrates).   

Theme 2 

Develop processing systems with the lowest energy per unit  product capacity 

Research 
components 

•  Develop waste-to-energy opt ions to maximise production ef f ic iency and 

lower embedded energy component in manufactured products. 

•  Develop new symbiotic  energy systems to reduce energy and 

environmental impact, e.g. geothermal – wood waste combinations, 

production of  low grade energy on s ite to reduce diesel  in stat ionary 

energy systems. 

Waste-to-energy processing systems; Closed cycle processing;  Mult i  energy  

(symbiotic) systems   

Theme 3 

Distribution and transmission systems that reduces losses and optimises utili ty and 
distributed needs 

Research 
components 

Develop expert systems that  maximise uti l isation, reduce losses, and meet New 

Zealand’s distr ibuted use needs. 

•  Develop t ransmission and distr ibution systems to minimise losses and 

maximise overal l  energy eff ic iency -  over industr ial  and domestic  

appl ications. 

•  Develop long-term strategic pathways for New Zealand to migrate to new 

energy systems with least r isk. 

Resource management;  Transmission;  Distr ibuted energy systems  
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Entry ID 457 

Energy Futures: The challenge to New Zealand is to ensure that energy sources 
are optimally utilised to meet the nation’s unique needs for the next 50 years in 

the context of its resources and environment 

Summary This chal lenge proposes to develop energy management strategies/methods to 

ensure that energy sources are optimal ly ut i l ised heading into the future. 

Renewable energy capacity can be generated by developing enhanced methods of 

energy storage, and by using building materials to function as energy sources 

( i .e.  construct ing roofs wi th solar  energy capaci ty).   New Zealand's infrastructure 

can also be engineered to maximise ef f ic iency, i .e. by integrating renewable 

energy systems into the nat ional-grid, us ing better  material for housing insulation.  

New, smart-technologies must be developed that replace our rel iance on imported 

fossi l  fuels.  

Theme 1 

Renewable Energy -  To build renewable energy capacity 

Importance 
to New 
Zealand 

New Zealand has a stated goal  of  supplying 90% of i ts energy needs wi th 

renewables by 2025 [Renewable Energy Policy Network for  the 21st  Century, 

www.ren21.net ].   Although New Zealand has a good head star t in that 60% of i ts 

energy needs are currently renewable, achieving 90% is a lof ty goal that can only 

be achieved by sound sc ience and innovat ive engineer ing.   No country in the 

wor ld has come close to this  level,  despi te huge investment in some cases. 

Research 
components 

(1) Development of  methods of energy storage, e.g. projects recently undertaken 

by IRL.  

(2) Using bui lding materials to funct ion as energy source. Construct ing roofing 

systems with photovoltaic mater ial  is now technical ly feasible,  viz.  EnaSolar, 

Chr istchurch (http: //www.enasolar.net) 

Theme 2 

Energy Efficiency -  To engineer New Zealand’s infrastructure for energy efficiency 

Importance 
to New 
Zealand 

Electr ic power generat ion from renewable sources wil l  remain the cornerstone of 

New Zealand's economy and l iv ing standard.  New Zealand must lead the world in 

opt imal ut i l ization of this resource wi th distr ibuted generation, low-loss 

t ransmission systems, eff icient converters, etc. 

New Zealand’s largest source of  export  income is primary produce.  Generating 

and distr ibuting these products requires considerable energy input  ( in addi t ion to 

the inherent  input  of  solar  energy into the growing process).  New ways must be 

found to reduce the energy budget by substitut ing fossi l  fuels  with renewable 

sources of  energy, by seeking less energy-intensive methods and by developing 

crops and products which require less energy to produce. 

Research 
components 

(1) Integrat ion of renewable energy into the national energy supply network, e.g.  

Green Grid project, Universi ty of Canterbury. 

(2) Development of  low- loss transmission systems and eff ic ient converters. 
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(3) Energy audi t ing of transport in al l  sectors inc luding behaviour pat terns and 

f reight logist ics. 

Theme 3 

Smart energy technologies - To develop smart products and materials related to energy 

Importance 
to New 
Zealand 

Smart  products can play a role throughout the 'energy landscape'.  For example,  

the smart  appl icat ion of  water can conserve energy (ground water  sensors, better  

local c l imate forecast ing, and close monitor ing of growth) .  Well-designed 

bui ldings can maximise the use of  natural l ight and solar energy, with smart 

electronics and low energy actuators employed to control the l ighting and 

vent i lat ion of l iv ing and work ing spaces.  The challenge here is to make the new 

smart  products in these areas affordable, rel iable and desirable.   I t  is  inevitable 

that digital technology wi l l  play an ever increasing role in these developments, yet  

the overhead in electr ic  power for  the electronics and bandwidth for  the 

communications device-to-device must be t iny to justi fy their use.  Thus the 

development of new materials, new devices and new clever processing methods 

al l  play a part  in lower ing the overal l  energy budget. 

Research 
components 

(1) Use of organic material (e.g.  use of nano part icles to capture and improve 

system of solar  cel ls).   

(2) Use of bet ter  insulating material ( to save energy). 

(3) Developing lower power electronics, so that the smart  devices control l ing 

energy usage are themselves very power ef f ic ient. 

Comments UC believes energy is a major  challenge for  New Zealand, and UC has s igni f icant  

research strengths in the area, notably the Electr ical  Power Engineer ing Centre 

(EPECentre),  geothermal research, and relevant mater ials , social and economic 

research.  Our experts were already too committed to prepare a detai led 

submission,  but  we have made some contr ibut ion to the submission by the 

Nat ional  Energy Research Insti tute (NERI),  and UC supports their  submission. 

Theme 1 - We have lots in common wi th our Paci f ic neighbours,  not  least in 

shar ing a substantial populat ion of people f rom Paci f ica.  The t iny economies of 

some Pacif ic states make them extremely vulnerable to internat ional  changes in 

the cost  of  fuels  to run their homes, transport  and businesses.   New Zealand is 

wel l  equipped to assist these states in achieving a much reduced rel iance on 

expensive imported fuel.  

Theme 2 - There is  a real opportuni ty for New Zealand to become a wor ld leader 

in this area, but only for a very short t ime.  One l imitat ion with energy 

infrastructure projects is  that  nobody wants them ‘ in their backyard’; care must be 

taken to integrate infrastructure in ways that  minimizes environmental impact. 

Theme 3 - The use of smart  products is relat ively easy to introduce to New 

Zealanders,  who are world leaders in adopt ing new technology. 
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Entry ID 471 

Energy in New Zealand  

Summary This chal lenge proposes to develop a wide array of innovat ive, manufactured and 

exportable technologies which combat/offset the negat ive impacts of continuing 

global increases in energy consumpt ion.  These technologies wil l  be designed with 

the goal  of  achieving a renewable energy target of 95%, and a 15% improvement 

in energy ef f ic iency. Areas of research include: Invest igat ing t idal , wind, 

geothermal energy (and associated technologies for  implementation), alternative 

fuel use, development of electr ical grid technologies, and measurement and 

reduction of  agricultural emiss ions. 
 
 
 

Entry ID 477 

Energy Self-Sufficiency 

New Zealand to be 100% self- sufficient in energy 

Summary This chal lenge proposes to ensure that our future energy needs are sustainably 

taken care of . This wil l  require sediment basins within the EEZ to be extensively 

prospected and quantif ied, and then developing means to sustainably use the 

petroleum and mineral resources that they may provide.  Renewable forms of 

electr ici ty generation should be concurrently developed, and integrated with 

exis t ing forms over- t ime. Eventual ly, wholly renewable electr ic i ty generat ion 

should predominate (and replace) energy generated from extractable resources 

( i .e.  petroleum based). 

Theme 1 

Understanding current and future energy needs and supply for domestic consumption and 
export  

Importance 
to New 
Zealand 

Baseline and project ions for  energy use establ ished over 100 year t imeframe and 

updates every 10 years to measure progress against 

Research 
components 

5.1.1 Ident ifying ways of achieving 100% renewable electr ici ty by ensuring energy 

conservat ion, and secur ity and affordabi l i ty of  supply, and leveraging Smart Gr id 

technologies towards eff ic iency and export potent ial . 

5.1.2 Developing decis ion and response frameworks for  sustainable extraction of  

onshore and offshore energy sources. 

Theme 2 

Evidence-based decision-making to choose the appropriate generation mix for electricity and 
the extraction pathway for sustainable energy wealth 

Importance 
to New 
Zealand 

Ratio of  energy suppl ied from extractable and renewable resources trends 

towards renewable over t ime 
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Research 
components 

5.2.1 Ident ifying ways of achieving 100% renewable electr ici ty by ensuring energy 

conservat ion, and secur ity and affordabi l i ty of  supply, and leveraging Smart Gr id 

technologies towards eff ic iency and export potent ial . 

5.2.2 Developing decis ion and response frameworks for  sustainable extraction of  

onshore and offshore energy sources. 

Theme 3 

Managing the opportunities and risks from sustainable energy decisions and development to 
ensure a security of energy supply  

Importance 
to New 
Zealand 

New Zealand becomes a net  exporter of energy by 2050 (or similar) 

Research 
components 

5.3.1 Developing innovative technologies to improve energy generation and 

extract ion 

5.3.2 Developing a regulatory and r isk management environment to faci l i tate 

market  part icipation by a range of producers, and manage energy production,  

storage and transmission in ways that are environmental ly and social ly sound. 

5.3.3 Designing tools to ensure the transit ion of electr i f ication of  transport energy 

and the development of the 100% renewable electr ici ty supply 

Research 
Gaps and 
Opportunities 

This wil l  ensure compl iance with the 100% green brand for New Zealand domest ic 

electr ici ty usage, ensure our economic secur ity by removing dependence of 

energy imports and pave the way for  New Zealand to generate wealth by 

becoming an energy export ing nation. 
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3 Reducing Waste 
The submissions in this group are shown with their underpinning themes in the table 
below. Each submission follows in full. 

Table 3: Summary of proposed challenges and themes 

Entry 
Id 

Challenge Themes 

53 To el iminate the landfi l ls  in New 

Zealand and make New Zealand 

100% pure.  

1. Reduct ion of the non-recyclables into the land f i l ls 

57 To extract value f rom 

problematic organic waste 

streams, specif ical ly farm dairy 

ef f luent. Generation of  

distr ibuted renewable electr ici ty 

whi lst simultaneously and 

responsibly managing the 

negat ive environmental impacts 

of  intensi f icat ion of agr iculture. 

1. Opt imisat ion and commercial isation of core 
technology.  Understanding the technical 
appl ication of  the core technology (anaerobic 
digestion)  in specif ic  New Zealandapplications.  
Making the core technology practical ly and 
economically viable 

2. Appl icat ion and integrat ion of  widespread 
distr ibuted renewable energy generation across 
regional  New Zealand 

3. Understanding the secondary environmental 
impacts of  anaerobic digest ion technology 

4. Understanding of the wider implicat ions of  the 
appl ication of  anaerobic digestion technology on 
New Zealand's international  trade and cit izenship 

281 How do we get  smart about 

waste reduction 

1. Direct Waste Re-use 

2. Indirect Waste Re-use 

3. Gathering Waste 

4. Mining landfi l ls  for  the future 

303 Reduct ion of waste plastic  to 

landfi l l .   Current ly, there is a 

large component of  waste 

plastic  that cannot be recycled 

as i t  is poor quali ty or  

previously recycled.   

Technology is available to 

address this problem using 

plastic  to diesel technology. 

1. Waste reduct ion  

2. Waste to diesel  energy 

 

 
 
 

Entry ID 53 

To eliminate the landfills in New Zealand and make New Zealand100% pure 

Summary Reduct ion of non-recyclables into landfi l ls.   Landfi l ls are old technology and New 

Zealand landfi l ls  receive 1.6 mil l ion tonnes/year.   Proposes to research (and 
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introduce) the best  current technologies for  land f i l ls  

Theme 1 

Reduction of the non-recyclables into the land fil ls  

Importance 
to New 
Zealand 

Clean, Green Environment.  As we know landfi l l  is a very old technology to dispose 

of  the waste of many k inds.  At the moment New Zealand landf i l ls 1.6 mil l ion 

tonnes per year. The f igure is huge compared to the population in New Zealand. 

The theme 1 is important for  New Zealand because in 20 years ’ t ime we wil l  be 

l iving on the rubbish dump. Think again. 

Research 
components 

To research and introduce the best  avai lable current technologies and implement 

them.  

Research 
Gaps and 
Opportunities 

There is  no c lear understanding of  the new technologies in New Zealand in 

respect to c leaning the landf i l ls. The total awareness and research wi l l  contr ibute 

to the physical work to clean New Zealand from rubbish dumps and landf i l ls.     

New Zealand is l imited with i ts  land and it  is very important  to s top and look 

around, before i t ’s too late.    New Zealand needs to spend more t ime on 

implementat ion not research.  I t  is a gap in research when new technologies are 

ar ising - the resistance is pol i t ical ly dr iven,  therefore any research in that matter  

would be stal led on purpose.   

Comments Please be aware that sooner or later  we wi l l  come back to that topic, but we afraid 

i t  wi l l  be too late to change.  We are an environmental  al l iance and possess the 

best technologies available and ready to stand next  to the Council  and develop a 

feasible, comprehensive, environmentally fr iendly system to c lean exist ing and 

new landf i l ls f rom pol lut ion of soi l ,  fresh water, and air .   

 
 
 

Entry ID 57 

To extract value from problematic organic waste streams, specifically farm dairy 
effluent. Generation of distributed renewable electricity whilst simultaneously 

and responsibly managing the negative environmental impacts of intensification 
of agriculture 

Summary This chal lenge proposes to develop anaerobic-digestion technology, which wil l  

require the ident if ication of  microbial species that are key to the anaerobic-

digestion process, and then designing a pract ical  device to eff ic iently employ 

these microbes in real-world appl icat ions.  Whilst  such technology wi l l  help to treat  

problematic organic wastes,  i t  may also have signif icant  secondary benefits  

(nutr ient re-cycl ing for agriculture, reducing greenhouse gas emiss ions). The net 

benef it  of such technology is  the re-enforcement of New Zealand's 'clean, green'  

image, which provides further opportunity for capital isation. 
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Theme 1 

Optimisation and commercialisation of core technology.  Understanding the technical 
application of the core technology (anaerobic digestion) in specific New Zealand 

applications.  Making the core technology practical ly and economically viable 

Importance 
to New 
Zealand 

I t  is cr i t ical that the core technology of anaerobic digestion be comprehensively 

researched and understood such that i t  can be applied to specif ic New Zealand 

systems e.g. Dairy or  municipal waste.  Much understanding of  the technology 

exis ts abroad and i t  is  important that  New Zealand f inds a way of applying i t  to 

our unique si tuat ions. 

Research 
components 

1. Comprehension of  the var iat ion of  component nature of organic waste streams 

both across and within speci f ic  industr ies.  

2.  Comprehension leading to exploitat ion of the micro biological  environments and 

species (population and divers ity) that are core to the funct ion of anaerobic 

digestion systems.  

3.  Understanding of the physical design requirements to enable practical real 

wor ld applicat ion of anaerobic digestion technology to specif ic New Zealand 

appl ication e.g.  dairy farming.   

4.  Understanding of the commercial barriers for  investment in anaerobic digest ion 

technology such that the barriers can be addressed as appropr iate to enable 

industry uptake of  said technology. 

Theme 2 

Application and integration of widespread distr ibuted renewable energy generation across 
regional New Zealand 

Importance 
to New 
Zealand 

Widespread renewable energy generation from national ly distr ibuted sources of  

organic waste would signif icantly alter the dynamics and improve the eff iciency of  

the nat ional  electr ic i ty grid,  contr ibut ing to lower energy prices and greater  

security of  supply of energy nationwide.   I t  wi l l  also reduce the demand on capital  

for central ised power generation schemes and al ign wi th current pol icy for 90% 

renewable energy by 2020. 

Research 
components 

1. Researching how widespread integrat ion of distr ibuted generation wil l  affect  

the structural integr ity (capi tal  requirements and secur ity of supply)  of the 

nat ional  electr ici ty grid. 

 2. Researching how widespread integrat ion of distr ibuted generation wil l  affect  

electr ici ty pr ices.   

Theme 3 

Understanding the secondary environmental impacts of anaerobic digestion technology 

Importance 
to New 
Zealand 

There are many, and signif icant,  secondary environmental impacts of anaerobic 

digestion technology i .e. ef f ic ient recycl ing of nutr ients in agriculture, reduct ion in 

contaminat ion of  waterways specif ical ly Nitrogen, reduction in greenhouse gas 

emiss ions (both as a direct resul t of  the appl ication of the technology and the 

of fset  of renewable energy generat ion).   These impacts are cri t ical in maintaining 
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New Zealand's pris t ine environment and 100% pure clean green image. 

Research 
components 

1. Assessment of greenhouse gas emiss ions reduct ions  

2.  Assessment of eff icacy of  nutr ient  recycl ing and subsequent improvement in 

agr icul tural  ef f ic iency 

3.  Assessment of reduct ion of pol lut ion of waterways 

Theme 4 

Understanding of the wider implications of the application of anaerobic digestion technology 
on New Zealand's international trade and citizenship  

Importance 
to New 
Zealand 

New Zealand is perceived internationally to be a c lean green country with high 

environmental standards and high quali ty primary industry exports ; indeed this is 

what a large port ion of  our economy is  bui l t  on.  I t  is therefore cr i t ical that New 

Zealand (as the farm of the world)  cont inues to be wor ld leaders in quali ty food 

production whi lst maintaining our prist ine environment such that  internat ional  

markets wi l l  continue to pay premium pr ices for our high value produce. 

Research 
components 

1. Methods of maintaining and capi tal is ing on the international market perception 

of  New Zealand's c lean green image, speci f ical ly with regards to our dairy sector , 

i .e.  showing the wor ld that we are evolving and producing food responsibly.  

2.  Changing the perception of New Zealand farmers f rom intensive pol luters to 

highly valued export  earners who protect  the environment and generate e.g.  33% 

of  the nation’s energy requirements. 

Research 
Gaps and 
Opportunities 

1. Comprehensive understanding of  how the core technology (which is widespread 

throughout Europe) can be applied to the New Zealand agricultural sector .  

Specif ical ly understanding the key dif ferences in farming practices and how they 

impact application the technology.  

2.  An understanding of the economic value for an individual farmer of mi t igating 

pol lut ion of waterways as a national problem.  

3.  An understanding of the economic value of the reduction of greenhouse gas 

emiss ions in the agr icul ture sector   

4.   An understanding of the economic effects widespread dis tr ibuted electr ici ty 

generation 5.   An understanding of  the wider social and market effects of  applying 

environmental ly responsible agricultural practices to New Zealand pr imary 

industr ies 

Comments The New Zealand dairy industry (and wider agr icul ture)  require a solution to the 

omnipresent problem of eff luent disposal from an ever intensifying sector .  

Anaerobic digest ion not only provides the solution to mit igate the environmental 

impacts but also an opportuni ty to extract  signif icant value in the form of 

distr ibuted renewable electr ici ty.  Development and appl icat ion of this technology 

is  a necessity for the future survival of agr icul ture of New Zealand and hence the 

survival  of  our most important  economic sector. 
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Entry ID 281 

How do we get smart about waste reduction 

Summary Direct waste re-use.   Develop technologies to ef f icient ly and cheaply clean waste 

(esp. glass) for  reuse.  Indirect  waste re-use:  Many of  the waste materials New 

Zealand exports can be turned into raw materials for other processes.   Identi fy 

techniques and technologies to col lect waste mater ials  and transfer them to 

appropriate point where they can be reused.  Preparing for mining landf i l ls in the 

future:   

Theme 1 

Direct waste re-use 

Importance 
to New 
Zealand 

New Zealand exports large amounts of  i ts waste, which could otherwise be easily 

reused in this country.   Doing this would reduce greenhouse gases,  and also be a 

more responsible way of act ing. 

Research 
components 

Developing technologies to eff ic iently and cheaply c lean waste materials (esp. 

glass) for reuse. Understand the behaviours and their  source that  suggests people 

do not want to re-use mater ials . Develop methods for  changing this behaviour. 

Demonstration pi lots. 

Theme 2 

Indirect waste re-use 

Importance 
to New 
Zealand 

Many of the waste materials New Zealand exports  can be used turned into new 

raw materials for other processes thereby reducing the embodied energy and 

emissions associated wi th the new product produced.  

Research 
components 

What are the barriers to re-using materials as a raw feedstock?  Technological , 

societal, etc. Develop techniques for overcoming these barr iers.  Develop new 

products and technologies to re-use waste materials as a feed stock. 

Demonstrations. 

Theme 3 

Gathering waste 

Importance 
to New 
Zealand 

One of the major  barr iers ci ted by industry is the cost of col lecting waste 

mater ials .  The waste mater ial  was dis tr ibuted as a new product  and so i t  cannot 

be that  hard to gather i t  back up in a s imilar method.  This theme looks at  

techniques and technologies to col lect waste mater ials  and transfer them to the 

appropriate point where i t  can be reused, etc. 

Research 
components 

Understanding the psychology of disposal and how i t  can be changed to ensure 

disposal  is carr ied out  in a way that is  eff icient for enabl ing reuse of the water  

mater ials . Developing techniques and technologies for  col lecting waste mater ials.  

Developing techniques and technologies for  returning waste materials  to where 

they can be re-used appropr iately. 
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Theme 4 

Mining landfi lls for the future 

Importance 
to New 
Zealand 

For those materials that simply cannot be re-used today there may be an 

opportuni ty for reuse in the future when technologies have changed. There is  an 

opportuni ty now to make sure that those things that are being disposed are 

disposed of in such a way that does not make i t  hard for future generat ions to 

make use of  them. 

Research 
components 

Developing strategies for  landf i l l ing with future mining in mind. Understanding the 

r isks and mit igat ion measures associated with stor ing concentrated col lections of  

whatever chemicals,  components, or mater ials  may be required in future in one 

place for potential future reuse. Demonstrations 

 
 
 

Entry ID 303 

Reduction of waste plastic to landfill.  Currently, there is a large component of 
waste plastic that cannot be recycled as it is poor quality or previously recycled.  

Technology is available to address this problem using plastic to diesel 
technology 

Summary Waste reduct ion:  This challenge proposes the investigat ion of the potential for 

conversion of plast ics (and other waste materials) to diesel at a scale that is  

economically viable by developing high and low qual i ty diesel products. 

Theme 1 

Waste reduction  

Importance 
to New 
Zealand 

The theme is  important to New Zealand as we have a huge rel iance on landf i l l  

disposal  for  waste.   New Zealand has a f ini te land area,  landfi l ls are a waste of a 

production resource.  Plastic  waste is a problem in New Zealand and there is  a 

large port ion of  plastic waste that cannot be recycled.   This is  due to the quali ty 

of  the plastic or that the plastic has previously been recycled.   The theme would 

reduce waste to landf i l l  and also contr ibute to the New Zealand’s energy budget 

by providing diesel  energy f rom the waste plast ic. 

Research 
components 

Engineering to complete the technology.  Plastic to diesel technology is widely 

known, but  the technology has not yet been proven at a scale that is  economically 

feasible.  Neither is  the qual i ty of the diesel  known and therefore the usage of  

product.   By invest ing in the technology to make the plastic  to diesel conversion 

economically feasible there are two opt ions,  make the technology available to al l  

recycl ing centres to use the plast ic to diesel technology on si te.    

The second option is to make the technology feasible so that plastic can be 

imported from other centres and processed into a high quali ty diesel  product.  The 

end qual i ty of the product af fects feasibi l i ty of the project as the end use of  the 

product would af fect  the value.  I f  the process resul ts in a high qual i ty product , 

then potential ly the project is higher value.   I f  the product is  lower qual i ty then it  
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wi l l  be less valuable and uses of the product may require more investigat ion. 

Theme 2 

Waste to diesel energy 

Importance 
to New 
Zealand 

Waste to energy is a good use of resources.  Residual  waste in New Zealand is 

disposed of to landfi l l .   This is a waste of two resources, f irst ly the land resource 

that is t ied up in the landf i l l ,  the second is  the waste of  the resource that is being 

disposed of 

Research 
components 

Waste to diesel  energy would be a huge boost to the country’s  energy budget as 

wel l  as a use of wasted resource.   

Research 
Gaps and 
Opportunities 

Research gaps include feasibi l i ty of the plast ic to diesel conversion technology. 

Qual i ty of the end product of  the diesel.  Uses of the end product  and feasibi l i ty of 

a large scale convers ion plant . 
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