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Submission on the Productivity Commission “Low Emissions Economy – Draft Report” 

Since 2007 I have been a researcher with the Energy Research Group at the University of Waikato. My 

general field of expertise is in Energy Systems Engineering with a particular focus on developing and using 

Process Integration methodologies for optimising industrial energy systems and emissions reduction.  

Process Integration is a group of methodologies for analysis, design and optimisation of material and 

energy flows, and encourages a systems or holistic approach to process design. Both demand and supply 

aspects are focused on. Much of my research has been in close collaboration with large industrial energy 

consumers including Fonterra, Oji Fibre Solutions, and others. I have also conducted specific project work 

for EECA, MBIE, and the Auckland Council. Recently I was a key member of the team that conducted 

Fonterra’s Electrification Study that developed a technical and economic roadmap for reducing emissions at 

one of New Zealand’s largest dairy factories. I have published extensively in international journals and 

been a regular keynote speaker at international conferences focused on industrial energy efficiency and 

emissions reduction. I believe my background and insights gained from industrial energy users over the past 

decade can provide important context and information toward the Commission’s enquiry, particularly on 

the process heat chapter.  

 

1. Process & Energy Efficiency 

Energy demand should always be optimised first before the supply of that energy is optimised. If demand 

reduction is ignored or not undertaken comprehensively, overall energy and emissions reduction costs will 

be much higher than need be. Rigorous thermodynamic based approaches exist (such a Process integration 

and Pinch Analysis) and have been employed overseas in emission reduction programmes (e.g. 

Switzerland) to first reduce industrial heat demand.  

Based on my experience and overseas programmes, energy reduction of between 15 – 40% are typical and 

economically achievable. A major barrier to achieving this in New Zealand is the lack of specific process 

and technical expertise in the area, lack of on-site engineering capability and time, and a lack of awareness 

of the benefits. Fonterra has dramatically reduced the specific energy consumption of milk powder 

production over the past decade and Process Integration techniques have underpinned a large proportion of 

that reduction. We also have demonstrated that significant additional reduction can be made1 (Walmsley et 

                                                
1 Walmsley, T.G., Atkins, M.J., Walmsley, M.R.W., Philipp, M., Pessel, R.H., (2017). Process and utility 

systems integration and optimisation for ultra-low energy milk powder production. Energy, 146:67-81 



 
 
 
 
 
al., 2017). Therefore a major effort should be made to first reduce industrial heat demand before addressing 

the supply side.  

 

2. Biomass  

Unfortunately much of the information presented in the draft report regarding the use of biomass for 

process heat is incorrect, or does not apply in the New Zealand context. Using biomass to provide process 

heat is well known, technically proven (both in New Zealand and overseas) and while the economics are 

very site specific, the increasing cost of carbon and cost of alternatives (e.g. natural gas and electricity) will 

allow biomass to become more competitive. Recent analysis that we conducted showed that on a levelised 

cost of energy basis, biomass could currently compete with natural gas in some situations.  

The concern of the carbon neutrality of biomass is not an issue in the New Zealand context and much of the 

information presented was based on the European situation where slow growth forests are used under a very 

different forestry management regime. Scion has completed comprehensive studies into the sustainability 

and availability of the New Zealand forestry resource.  

Given the limitations of the resources the use of biomass should also be used in an optimal manner. For 

example using biomass for low temperature demands (e.g. space heating and hot water production in 

schools and hospitals) is not an efficient use of the resource. These demands are better (and mostly likely 

more economically) provided through efficient use of electricity with the use of heat pumps etc. 

Government policy should not promote the use of biomass where renewable electricity is a viable and better 

alterative through the use of heat pumps with high Coefficient of Performance. 

Biomass will play a vital role in providing process heat, particularly in producing process steam for medium 

to high process temperature demands. Good quality research and well formulated policy is required to 

maximise the supply of biomass at competitive prices. Biomass will be the lowest cost fuel switching 

option by a large margin when compared to electricity. 

 

3. Electrification of Process Heat 

It appears that there is a wide spread belief that a large portion of process heat demand will simply be 

electrified using renewable electricity (e.g. recent Transpower white paper – Te Mauri Hiko). However 

there are both thermodynamic and economic considerations that need to be clearly understood in order to 

optimally integrate electricity in a cost effective manner. Electricity will be economic where it can be 

applied such that it has a Coefficient of Performance (CoP) of at least about 2 – 3. The use of heat pumps 

and mechanical vapour recompression technologies can provide this. Producing steam in an electrode boiler 

or direct heating using heating elements has a CoP equal to no more than 1.  

The cost of electrical energy on a per unit basis is around 4 to 6 times the cost of current fuels and also still 

significantly higher than biomass. This cost does not include the additional transmission and distribution 

infrastructure required to deliver hundreds of megawatts of additional base load demand. The cost of this 



 
 
 
 
 
infrastructure and additional generation capacity needs to be included in any rigorous analysis of the costs. 

The current analyses in the public domain do not make any attempt to do this. In short, using electricity to 

provide process heat with a CoP of 1 is the most expensive of the current realistic alternatives. The price 

variability is not a factor that will make complete electrification of process heat demand economically 

feasible.   

The use of heat pumps and other electro-technologies with suitable a CoP will be cost effective, but have 

limited applicability and requires correct integration into the site energy system. Based on some preliminary 

work my analysis shows that around 10 – 20% of industrial heat emissions could be reduced using 

industrial heat pumps. The reduction potential is highly sector specific, with some sectors (e.g. meat, food 

processing, dairy) having much more potential than others.  

In summary some realism, high quality engineering and economic analysis is required to determine the 

realistic role of electricity in emissions reduction from the process heat sector. 

 

4. Carbon Capture and Storage 

Carbon capture and storage has not yet been proven as an economically viable option, although within the 

2050 time frame it might become economic and technically mature. However it must be appreciated that 

current CCS technologies and systems will only remove around 90% of CO2 emissions from a source 

economically. The technical, financial, and environmental risks remain uncertain. 

 

4. General Comments 

New Zealand is dominated by supply-side thinking and discussions and tend to focus disproportionality on 

the electricity sector. The fixation around the percentage of renewable electricity generation means that 

other important parts of the energy system (e.g. transportation fuels, industrial heat fuels, etc.) are not 

debated or understood to the level required to plan for a reasonable transition. The lack of quality data for 

the process heat sector for example, has a direct effect on effectiveness of national wide modelling and 

energy analysis. Furthermore there is a lack of research funding available for applied research and 

modelling relating to energy transitions and emissions reduction because of the current requirements for 

funding through traditional mechanisms (e.g. Endeavour funding). This lack of funding needs to be 

addressed quickly so that policy and sector and national carbon budgets are based on good analysis. 
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