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Abstract 

In this study, I investigated the role of technological change on demand side of the New Zealand 

economy and analyzed the impact of programs and policies to use an energy savings TC in the economy. 

In recent years the role of technological change in energy supply was more evident with moving towards 

renewables and improvements in the efficiency of electricity generation. However, the impact of 

technological change on demand side is still unknown in New Zealand. Energy saving technologies are 

not limited to the household’s consumption of electricity. Transportation and industrial demand can 

also benefit from technology improvement. Energy-intensive firms in the economy demand around 38% 

of electricity and domestic transport account for 82% of fossil fuel use in New Zealand. Following 

Schumpeter classification of a technological change, after invention by science and innovation of 

technology to economically profitable process, the last step of a TC is diffusion. Therefore, TC is not 

limited to one sector and have an impact on firms output throughout a change in the share of inputs and 

production process because  most economic activity needs energy as an input of production. Three CGE 

models developed in this study. In the first model, using an optimization sub-model for electricity 

generation and a static CGE for NZ economy, I demonstrate how TC in a large industrial consumer of 

energy can influence NZ economy. Result shows energy savings by Aluminum smelter has a direct 

impact on the electricity system and some other sectors in the NZ economy, including an increase in 

the economic welfare. In the second part, I developed a recursive dynamic CGE to show how policy 

can have an impact on adopting a technological change in the economy. Considering electric vehicles 

(EVs) as a backstop technology in transportation. A fuel tax policy and a phase-out of electric vehicles 

policy studied in this part. Results showed that in the baseline scenario, until 2024 hybrid vehicles 

cannot compete with ICEs in the NZ economy. However, using a fuel tax policy, hybrid vehicles were 

active in 2012 and they got active in 2010 in the phase-out scenario. However, EV cars will be active 

in 2032 in the baseline scenario, with a fuel tax they enter to market in 2017 and in the phase-out 

scenario, they will be active in 2030.  Finally, I developed an intertemporal dynamic CGE to capture 

the impact of energy savings in the industrial sector on dynamic variables in NZ economy, especially 

investment behavior, and sectoral output. I designed an intertemporal CGE model for New Zealand 

economy and consider the whole industry as one sector including manufacturing to see how the capital 

stock moves between sectors as a result of the more efficient use of energy. Increasing energy efficiency 

by 10% in an industrial process, results in the capital movement to energy-intensive sectors and 

production in these sectors will increase. However, in the long term, the economy returns to equilibrium. 

This is because the economy has not enough capacity to expand industrial production (e.g., limitation 

in the intermediate goods for production and/or labour force, etc.) and also other sectors will compete 

to absorb capital to get back to the growth pathway.  
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Introduction 
 

The overall aim of this PhD thesis is to study the potential impact of technological change on 

the demand side of the economy. Three papers contribute to the field of energy economics and 

Computable General Equilibrium (CGE) modeling. The first paper is focused on technological 

change (TC) in a single large consumer of electricity in New Zealand using a static-hybrid 

CGE model; the second paper addresses the role of policy to encourage TC in transportation 

(Electric Vehicles) using a recursive dynamic CGE model; finally an intertemporal dynamic 

CGE model is used to examine TC in the industrial sector and its impact on the economy.  

 

Motivation 
 

Although New Zealand is not known as an industrial economy, industry has the largest share 

of energy demand in the country. Energy-intensive firms in the economy demand around 38% 

of electricity (MBIE, 2017). New Zealand aluminum smelter (NZAS) consumes 14% of total 

electricity in this country. Domestic transport accounts for 82% of fossil fuel use in the country 

(MBIE, 2017). TC have an impact on firms output throughout a change in the share of inputs 

and might also have an impact on other parts of the economy as most economic activity needs 

energy as an input of production. In recent years the role of TC in energy supply was more 

evident with moving towards renewables and improvements in the efficiency of electricity 
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generation. However, the impact of TC on demand side is still unknown. In the residential 

sector, moving towards more efficient appliances and smart devices is considered as a TC for 

households. However, energy savings are not limited in household’s consumption of 

electricity. Transportation and industrial demand can also benefit from technology 

improvement. Therefore the focus of this thesis, is to study the demand-side impact of TC, 

particularly the industrial and transportation sectors. 

 

Research background 
 

Historically economists have focused on economic growth in terms of resource allocation and 

increased output. However, Adam Smith (1776) noted that TC has a positive effect on 

economic growth, along with organizational change. Ricardo (1821) identified TC as an 

important factor for weakling the outcome. Marx (1867) expanded the importance of TC by 

stressing its strong heterogeneity and space over time and the direct relationship between TC 

and the development of capitalistic institutions. Most classical economists focused on the 

process of economic growth and the role that diminishing returns law played in constraining 

economic growth. A classic definition of TC is that “ it constitutes a certain kinds of knowledge 

that make it possible to produce i) a greater volume of output or ii) a qualitatively superior 

output from a given amount of resources” (Rosenberg, 1982, p.3).  

 

Technological Change; theoretical framework  
 

The general theoretical framework of TC was built during (1910-1940). Hicks (1932) and 

Schumpeter (1883-1950) made a significant contribution to the literature. Hicks considered an 

autonomous and induced component of TC while Schumpeter introduced a new hypothesis 

called “induced innovation” which means that a change in the prices determines substitution 

towards relatively cheaper factors through factor biased TC. Such a substitution is represented 

in both a shift of an isoquant towards the origin and a move along the same isoquant. Figure 1 

shows by using a TC we move from 𝐼𝑄  to 𝐼𝑄  while the output (𝑄 ) is fixed. Figure 2 

represents a factor substitution by using a labour intensive TC. A move from point A to point 

B by using less capital for the same output. 
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Figure 1 shift the isoquant by a TC 

 

Figure 2 Factor substitution by a TC 

 

 

Schumpeter (1934) classified TC in three stages, invention, innovation and diffusion. Invention 

is related to the generation of new ideas and is associated with science and research. The 

innovation process is about the development of new ideas into economically profitable 

activities and products. This stage is related to technology and applied R&D and determines 

the economic benefit at a firm level. Schumpeter distinguished five types of innovation:  

1. Introduction of a new product or new quality of good (production innovation) 

2. Introduction of a new method for production (process innovation) 
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3. New markets 

4. New resources or intermediates 

5. New organizational forms 

The final stage in Schumpeter’s classification is diffusion which defines the spread of new 

products and process across potential markets. This stage allows us to measure the impact of 

technologies on the economy. 

Schumpeter (1928) also emphasized that TC is the engine for economic growth. He believed 

that the disequilibrium effect of TC, as evidenced by irregular series of shocks, leads to 

instability of capitalism. This idea was in contrast to the views of Keynes (1883-1946) who 

explained business cycles arising from changes in aggregate demand. In fact, Schumpeter 

noticed that economic cycles were a by-product of economic growth. Kuznets (1930) also 

pointed out the importance of TC on the long term economic growth.  

 

Determinants and diffusion of TC  
 

Technological change was a significant unexplained factor of economic growth until the 1950s. 

So, the need for more accurate growth theory directed theoretical and empirical research 

towards recognizing the nature and determinants of TC. Since then research focused on the 

study of either labour or capital augmenting TC and also an unmeasured quality improvement 

in the inputs. Capital or labour augmentation were linked to the direction of TC and its 

relationship with economic forces while unmeasured quality changes focused on quality 

improvements to labour and capital as the main factors of production. Another extensive 

research emerged during the 1960s and focused on diffusion process (third stage in Schumpeter 

classification of TC) of new technology.   

 

Technological change and capital  
 

Solow’s growth model (1957) assumed there is not a direct link between TC and aggregate 

production. Such an assumption ignored that TC is related to investment and composition of 

the labour force. Vintage models of TC were introduced and focused on the effect of TC on the 

firm’s productivity by incorporating different vintages of capital equipment. Capital vintage 

models looked at the assumptions related to the substitution between capital and labour, the 
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labour-capital ratio and its timing (Aigner et al., 1977, fare et al. 1994, Drandakis and Phleps 

1966, Nelson 1964). “Putty-putty” vintage models, such as Solow’s vintage model (1960), 

assumed capital has a flexible attribute, allowing for ex-ante and ex-post substitution between 

capital and labour.  

“Putty-clay” vintage models introduced by Johansen (1959) adopted an intermediate position 

since only new capital is assumed as “putty” and “clay-clay” vintage models considered no 

role for ex-ante and ex-post substitution between capital and labour. In this framework, firms 

can change the capital-labor ratio only through a change in the lifetime equipment. Kaldor and 

Mirrless (1962) discussed a “clay-clay” model by using the concept technical progress function 

whilst Solow et al. (1966) assumed a fixed coefficient technology with embodied technological 

progress in the aggregate production function.  

Rosenbeeg (1963a and 1963b) remarked that the expression of TC in new capital goods reflects 

the important role of capital good industries in promoting invention and diffusion of TC change 

in the economy. However, this cannot capture the innovative contribution obtained by changes 

in practices which are implemented with existing equipment.  

 

Technological change and labour 
 

While vintage models focused on technological differences among capital inputs, some 

economists addressed the formal symmetry between quality improvement for both capital stock 

and the labour force. Technological advancement was divided into embodied and disembodied 

components. More output from the same amount of input, with no more investment, shows a 

change in the disembodied component. Arrow (1971) linked technological improvement to 

experience, using the term learning by doing. He pointed out that the concept of learning is a 

by-product of ordinary production. Learning occurs only in the capital-goods industry and is 

characterised by sharp diminishing returns. Arrow embodied TC in new capital products. In 

this setting, learning is a public good which is non rival and non-excludable. Arrow’s model 

was extended by Rosenberg (1982), with learning by doing incorporated in the demand side. 

Also Stiglitz (1987) extended Arrow’s model by “learn to learn” that shows the positive 

relationship between the ability to process information and the stock of knowledge.         
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Technological change and diffusion process  
 

Different categories address the determinants and role of technology diffusion in the literature. 

Scoville (1951) and Landes (1969) studied the geographic effect of skill workers movement on 

the diffusion of technologies. Also, (Graham, 1956; Knauerhase, 1968; Walton, 1970; 

Saxonhouse, 1974) studied the role of institutional factors in the diffusion of TC.  

Epidemic theory of diffusion, borrowed from analyzing diseases, has provided a useful insights 

into understanding the diffusion process (Bain, 1962; Bass, 1969).  Probit models, which are 

also called threshold-value or rank models, are the result of relaxing some restrictive 

assumption for epidemic models have been used to address diffusion of technological 

improvements Bonus (1973) and Sommers (1980).   

Epidemic and probit models provided a theoretical framework to analyse the impact of TC 

diffusion by stressing the demand side of the technology market. During the 1980s some 

extensions were added to literature; firm level characteristics, specific attributes of 

technological advancement and industry level variables which all affect technology diffusion. 

At the firm level, diffusion studies show a link between investment and generation and adoption 

of technology (Cohen and Levinthal, 1989). Extensions to the firm level include consideration 

of a broader range of technology characteristics that increase the speed of diffusion. 

Incorporating the supply side into this setting endogenizes the technological advancement by 

suppliers (Rosenberg, 1972). At the industry level, (Metcalfe, 1981; Stoneman and Ireland, 

1983) studied the interaction between supply and demand side factors in diffusion of a TC 

pathway.  

Several paper and books discussed the role of technological innovation over the last few years.  

(Antonelli, 2014), analysed the implications of the introduction of a new technological system 

such as new information and communication technology in the global economy. He considered 

new information and communication technologies as a result of a complex innovation process 

and therefore can be considered as a general purpose technology which has a wide range of 

applications with important effects in terms of potential growth of total factor productivity and 

significant bias in the use of production factors across countries and regions in the global 

economy. Archibugi and Coco (2005), Dopfer and Potts (2008), Dopfer and Potts (2008),  

Antonelli (2008), Foray (2014), Costantini and Crespi (2008), Antonelli (2017), Antonelli and 

Scellato (2015), Dominici, Roblek, and Lombardi (2016) are also considering endogenous TC 

in their studies.   
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Another filed of TC studies in the recent years discuss the economics of industrial innovation 

and considers both micro and macroeconomics of innovation for the firm. Also, linkage 

between innovations and public policy are the point of interest in some of the studies. Freeman 

(2013), Teece (2007), (Laursen and Salter (2006), Nelson (2009), Griliches and Mairesse, 

(1984), Frank Webster ( 2014), Clark (2015), Dosi and Nelson (2016) are focusing on the TC 

on the firm and industry level.  

 

Figure 3 Descriptive representation of the Evolution of the literature on technological change over 
time (A. Conte, 2006) 

 
 

Technological change in energy-economy models 
 

During the last two decades there was an increase in using energy to accelerate the economic 

growth worldwide. Many empirical studies focused on the role of TC on climate change and 

control of the growth in greenhouse gas emissions. Several methods address this issue. Bottom 

up (e.g. energy system) models focused on the technical details and, top down models (e.g. 

CGE) attempted to capture the broader economic impact.   
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Integrated assessment models (IAM) that combine an economic model with environmental and 

climate change sub-models is also another way to adopt TC in the content of energy and 

environment. IAMs are divided into sub categories, policy evaluation and policy optimization. 

The former evaluates the effect of exogenous policy on the biosphere, climate and economic 

systems while the latter tries to find the efficient or cost efficient climate change policy and 

simulating the effect of an efficient level of carbon abatement. Complexity of these models led 

to a relatively simple characterisation of economic and climate sectors (IPCC 2001). 

 

Exogenous specification of TC 
 

Exogenous TC can be introduced into economic models through autonomous energy efficiency 

index (AEEI) by making assumptions about the new parameter value. The second way to enter 

TC into an economic model is through a direct assumption about the future cost of energy 

technologies (e.g. backstop technology). 

 

Endogenous Specification of TC 
 

Another way to capture the role of TC in economic models is to incorporate TC as an 

endogenous variable. Investment in R&D (Romer, 1990; Lucas, 1988; Grossman and 

Helpman, 1994) considered innovation as a product of investment in R&D. Spillover effects 

from investment in R&D also allows for externalities to impact long-term growth in economic 

models (Griliches, 1992; Nordhaus, 1999; Goulder and Schneider, 1999). Technology learning 

decreases the cost to individuals and industries, while there is a huge cost of initial installation 

of technology (Grubler et al., 1999; Azar and Dowlatabadi, 1999). Finally, there are other       

ad-hoc attempts to measure the endogenous impact of TC, e.g. using latent variables in 

econometric models (Carraro and Galeotti, 1997). 
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Table 1 model abbreviations in energy economy models 

Model abbreviations Model name 

CGE Computable General Equilibrium 

ES Energy System 

IAM Integrated Assessment Model 

ME Macroeconometric Model 

AEEI Autonomous Energy Efficiency Improvement 

LBD learning by doing 

PIEEI Price-Induced Energy Efficiency Improvements 

TS Technology Snapshot 

 

 

Table 2 TC in energy-economic models (A. Löschel, 2002) 

Model Type Representation 

of TC 

Reference 

DGEM CGE Factor price 

bias 

Jorgenson and Wilcoxen (1990) 

DICE/RICE IAM AEEI Nordhaus (1994) 

E3ME ME Latent variable 

( Investment) 

Barker and Kohler (1998) 

ETC-RICE CGE R&D, 

Spillovers 

Buonanno et al. (2000) 

FUND IAM TS, Scenarios Tol (1999) 

GEM-E3 CGE AEEI Capros et al. (1997) 

GOULDER ME LBD, R&D, 

Spillovers 

Goulder and Mathai (2000) 

- CGE R&D, 

Spillovers 

Goulder and Schneider (1999) 

GREEN CGE AEEI, Vintages Burniaux et al. (1992) 

ICAM3 IAM LBD, PIEEI, 

TS 

Dowlatabadi (1998) 

IMAGE IAM AEEI, PIEEI Alcamo et al. (1998) 

MARKAL ES LBD, TS Barreto and Kypreos (1999) 
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MESSAGE ES LBD, TS Grubler and Messner ( 1998) 

MIT-EPPA CGE AEEI, 

Backstops 

Babiker et al. (2001) 

PACE CGE AEEI, 

Backstops 

Böhringer (1999) 

POLES ES LBD, Diffusion 

curves 

Kouvaritakis et al. (2000) 

R&DICE IAM R&D, 

Spillovers 

Nordhaus (1999) 

WARM ME Latent variable 

( Capital stock) 

Carraro and Galeotti (1997) 

 

Energy is an input for several sectors in the economy, therefore change in the demand or supply 

has an impact on production costs and consequently, relative cost of production across all 

sectors. Using a CGE model allows us to capture interactions between sectors through change 

in relative prices. To compensate lack of technological details, I linked a CGE model with sub 

energy models. Therefore we are able to see the impact of technological change on a broader 

economy. This study is the first study linking a CGE model with energy sub models for New 

Zealand considering a unique structure of NZ energy that mainly comes from renewables.   

 

 

Structure of the thesis 
 

The structure of this thesis is shown in figure 5. Followed by a general introduction in chapter 

one, chapter 2, chapter 3 and chapter 4 are three contributions to the overall theme of the thesis. 

Each chapter includes in the introduction, literature review, methodology and data, results and 

conclusion. Finally, chapter 5 provides a general conclusion of the thesis and suggestions for 

future research. 

I used the latest available version of Input-output table of New Zealand to construct a social 

accounting matrix for this study. This version of input-output were publicly available on July 

2012 and data for this input output table belongs to 2007. The next version were published in 

late 2016.  
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First Paper  
 

In this paper, we develop a hybrid CGE model to capture the potential impact of an energy 

savings technology by a large industry. Using an optimization model for electricity generation 

and a static CGE model for NZ economy, we demonstrate how TC in industrial demand can 

influence NZ economy. New Zealand aluminium smelter is the largest single consumer of 

electricity in New Zealand. Almost 14% of total electricity generated in the country is used by 

the smelter to produce a high purity aluminium mainly to export. Sometimes, especially during 

drought years, NZAS may be asked by the System Operator to reduce its electricity demand, 

which it currently does by shutting down an entire production line (a potline) for 3-4 months. 

Shutting down and restarting a potline is a complex and expensive procedure, costing $20-$40 

million, depending on operational and other factors. In 2012, the University of Auckland 

engineering team proposed to develop novel heat exchanger technology to allow NZAS to 

manage its electricity usage dynamically, providing significant cost savings for the company 

and preserving generation capacity at peak times for other users. The potential energy saving 

is around 250 MW.  

NZAS treated as a separate sector in our CGE model and we can see how these 40% energy 

savings impact the economy. This paper linked to the invention and innovation stages of 

Schumpeter (1934) classification in technological change.   

 

Second paper 
 

In this paper, we develop a recursive dynamic CGE model to show how policy can have an 

impact on adopting technological change in the economy. Considering electrical vehicles 

(EVs) as a backstop technology in transportation, we show how different policies can 

accelerate the use of technology in the economy. New Zealand is one of the most EV-ready 

and friendly countries in the world as most of the electricity generated is comes from 

renewables. In the past few years, there was a huge improvement in technology and a 

significant decrease in the cost of EVs. However, these cars are still not competitive in terms 

of price and can’t compete with internal combustion engines (ICE). While there is ongoing 

development on the technological side, the impact of different policy scenarios on utilizing 

them is still unknown.  
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Transportation is highly linked with the other sectors of the economy and any policy focusing 

on the transportation sector may have an impact on the rest of the economy. So, we use a 

recursive CGE model with a specific focus on technological change in the transportation sector. 

A Leontief production function is used to capture production possibilities in the passenger road 

transportation sector by considering cost structure of alternative inactive technologies. 

Many studies have investigated electric vehicles and barriers to development in NZ (Business 

NZ Energy Council, 2016; Ford et al., 2015; Lemon & Miller, A. 2013; and, Metcalfe and 

Kuschel 2015). However, these studies do not show how current and potential policies can help 

to increase the uptake of these vehicles within the context of a broader economic model. In this 

study we focus on the third stage of Schumpeter’s (1934) classification of TC by investigating 

how policies can help the diffusion of TC in the NZ economy.  

 

 

 

Third paper 
 

In this paper, we develop an intertemporal dynamic CGE model to capture the impact of energy 

savings in the industrial sector on dynamic variables in NZ economy, especially investment 

behavior and sectoral output. We design an intertemporal CGE model for NZ and consider the 

whole industry as one sector including manufacturing to see how capital stock moves between 

sectors as a result of the more efficient use of energy. Then, we see the pathway of variables 

during the study period by setting a terminal period. Assuming we have an invention (the first 

and second stage of Schumpeter classification) in the industrial sector, we show how diffusion 

of TC can impact on the economic growth pathway.  
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Figure 4 list of CGE models in this thesis 

 

 

 

First Paper
• Static Hybrid CGE-Optimization

Second Paper
• Recursive Dynamic CGE

Third Paper
• Intertemporal Dynamic CGE
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Figure 5 thesis structure 
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II. Chapter 2 

 
 

 

 

 

The impact of Industrial energy savings on New Zealand 
economy1 (A static Hybrid Model) 

 

 

 

 

 

 

 

 

 

 

 

                                       
1 A version of this Chapter was presented at the EcoMod conference, July, 2016. The Chapter is a 
contribution to a project funded by Ministry of Business, Innovation and Employment (MBIE) of 
New Zealand. 
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Introduction 
 

 

 

 

 

Background and motivation 
 

Industrial processes are highly energy intensive and currently account for one-third of global 

energy use (IEA 2012). Energy-saving technologies are currently used in the industrial sector 

to achieve energy efficiency targets and energy demand control. Politicians and economists, as 

well as engineers and managers, are keen to prompote these efficiency improvements at an 

industrial level. There are several different types of policies and programmes that have been 

used all around the world to increase energy efficiency in the industrial sector. Regulations, 

fiscal policies, agreements and targets, reporting or benchmarking, audits, information 

dissemination, and demonstration and research and development are different ways to achieve 

improvements in energy efficiency Price and Worrell (2000). 

Governments and environmental groups support energy efficiency improvement for future 

energy security and environmental issues. Industrial technologies and their energy efficiency, 

especially in energy-intensive industries, play an important role in achieving this target. Energy 

demand is affected by increasing efficiency in a specific industry. Energy demand control is 

not a new topic, and it has been around with scientists and policymakers since the oil crisis in 
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the 1970s. Many policies for demand control previously focused on substituting alternative 

energy sources and on reducing energy consumption (De Beer, 2013). 

However, the impact of a change in energy efficiency is not limited to the industry level; it can 

have a broad affect on both energy and economic systems. On the energy supply side, it has an 

impact on the energy system costs and supply. A competitive energy system supplies energy 

to the economy by minimising the cost of exploiting discrete and dissimilar technologies in 

response to exogenous demand which comes from other sectors of that economy. A change in 

energy consumption leads to a new combination of energy technologies with different cost 

structures and a change in energy supply.     

On the demand side, an energy efficient technology will decrease energy demand as an input 

in the industry. This demand reduction has an impact on other sectors of the economy, which 

use energy as a factor of production. Increased energy in other sectors and lower energy prices 

are the result of improved industrial energy efficiency. In addition, production in other sectors 

could increase as a result of lower energy costs. This will increase the competitive power of 

other sectors in domestic and international markets, as well as in the energy efficient industry. 

As a result, improved energy efficiency in one sector has a broad and indirect impact on many 

other parts of the economy. This suggests a need to consider both the supply and demand side 

of energy as an integrated system. 

The aim of this paper is to estimate the potential impact of an energy-saving technology in an 

energy-intensive industry on the energy (electricity) and economic system of New Zealand.  

 

Literature review 
 

Although several studies believe that technological innovation can lead to lower energy 

consumption and hence reduced environmental impacts, other studies believe that the rebound 

effect can increase energy consumption.  

Hepbasli and Ozalp (2003) investigated the development of industrial energy efficiency in 

Turkey up to 2001, and concluded regulation in the industrial sector accelerated energy 

efficiency in Turkey. Mecrow and Jack (2008) demonstrated the impact of adopting more 

efficient electrical machinery in the United Kingdom. Their results showed that replacing fixed 

speed machines with variable speed machines in the industrial sector would lead to 15% -30% 
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energy savings. Price and Worrell (2000) reviewed studies of energy efficiency in the industrial 

sector in several countries and classified seven types of programmes and policies for energy 

efficiency in industrial sectors around the world. Regulations\standards, fiscal policies, 

agreements\targets, reporting\benchmarking, audits\assessments, information dissemination, 

and demonstration and research and development are policies aimed to improving energy 

efficiency. They concluded that the best way to increase energy efficiency is an integrated 

approach where a number of policies and programmes are combined together. Such policies 

are used in Danish Agreements on Industrial Energy Efficiency, the Canadian Industry 

Program for Energy Conservation, Long-Term Agreements on Energy Efficiency in The 

Netherlands and the Norwegian Industrial Energy Efficiency Network. Saidur and Mahlia 

(2010) investigated potential energy saving and emissions reduction in the Malaysian industrial 

sector by introducing high-efficiency electrical motors. They used historical data in Malaysia 

to predict motor populations for 2006-2025. Also, they used a technological specification for 

each type of motor and estimated the total energy used in industrial sector. They found that 

between 1940 and 892 GWh could have been saved for 20 and 120 kW electric motors 

respectively over a 10-year period. Also, between USD100 million and USD 60 million could 

be saved for the same categories of motors in utility bills. Finally, they concluded that 1,789 

million kg of CO2 emissions could be avoided by using these technologies. Worrell and Price 

(2001) examined three policy scenarios to improve energy efficiency involving different 

degrees of commitment in the industrial sector in the United States when they face energy, 

economic and environmental challenges. They used an adapted version of the EIA'S National 

Energy Modelling System for energy forecasting. In this system, energy use is modelled as 

energy service demand, or process stage, for some energy-intensive industries. However, 

equipment is not explicitly modeled for other sectors and there are no engineering links 

between process stages; technology is represented parametrically. Unit energy consumption 

(UEC) per unit of production is divided by process stage and is used as a parameter for their 

calculations. They found 7%-17% improvements in energy efficiency by 2020, compared to a 

“business as usual” scenario in medium and advanced situations. Their study showed that 

although there are substantial potential gains from improving energy efficiency in industry. An 

integrated policy that accounts for the different characteristics of industrial sector decision-

makers, technologies and sectors is necessary to achieve these potentials. Yuan, Liu, Fang and 

Wu (2009) studied the main energy policies of China since 1982. They categorized them into 

three main groups according to the relationship between a principal policy and dependent 

policies so that the effects of each group of energy policies in each period could be evaluated. 
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The first group consists of several suggestions for reinforcement of energy saving. A second 

group of policies are the legal issues relating to energy conservation, and the third group is a 

medium- and long-term plan for energy saving. They designed two methods for measuring 

energy saving in associated with these policies, with and without antithesis and linear 

regression. In the first method, given that the effects of all the factors are stable except energy 

policies, energy saving effects of those three groups investigated individually with and without 

antitheses. The first step is to collect the data of the energy intensity including historical data 

before implementing the energy policies and real values after implementing the energy policies. 

Here, real values refer to the energy intensity under the implementation of energy policies. The 

second step is to predict energy intensity according to historical data and derive values of 

energy intensity without the effects of energy policies. Predicted values indicate the energy 

intensity under the hypothesis that the influence of all factors is stable. In conclusion, energy 

intensities have decreased as a result of energy policies and the impact of first group policies 

were the biggest. The weakness of this method is the fixed assumption about all other factors 

except policies which are in most real conditions is not stable. In linear regression, the main 

factors affecting energy intensity in China are found to include economic growth, economic 

structure, energy price, technical progress, energy policy, GDP. These factors are used to 

indicate the influence of energy consumptions caused by economies of scale in China, 

secondary industry and tertiary industry which are used to represent economy structure. Total 

factor productivity is used to evaluate technological progress. They concluded that with and 

without the antithesis method2 is useful for analysing short-term effects because it is reasonable 

if the effects of the other factors are stable in a very short period. Linear regression is a better 

tool for long-term effects evaluation as it can recognize the effects of all factors effectively.  

 

                                       
2 In this method, the difference between real values after policy implication with predicted data 
according to historical data compared to capture the impact of a policy.  
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Figure 6 with and without antitheses method, Yuan, Liu, Fang and Wu (2009) 

 

 

 

 

Electricity sector 
 

Electricity is a significant input in any economy and has specific characteristics. One 

significant feature of electricity is that it is difficult to store in large quantities. Another 

important feature is that the stable operation of the electricity grid calls for the demand and 

supply of electricity always to be in balance. This situation requires that there is always enough 

generation capacity to satisfy demand. Therefore, it is common that grid operators, who are 

responsible for the stability of the grid, purchase balancing capacity in order to be able to 

balance the grid in case of unexpected developments, such as plant outages. If the gap between 

electricity demand and supply exceeds available balancing capacity, the entire electricity 

system can break down. It is therefore important to ensure that the electricity system creates 

enough generation and grid capacity in order to ensure the stability of the system in the long 

run (Sensfu, Ragwitz, Genoese, & Mst, 2007).   

Changes in the electricity demand, changes in supply should balance generation and vice versa.  

Consider an increase in generation capacity, this can lead to a decrease in prices given current 

demand. Cheaper electricity flows to the economy, possibly resulting in an increase in demand. 

Again, increased demand for electricity changes the price, and this process continues until it 

reaches a convergence in price between the electricity system and the economy. A change in 

the electricity price could result in changing the amount of sectoral outputs as well as imports 

and exports. So measuring the impact of any policy that affects demand or supply of electricity 

needs to consider both the electricity and the economic system. 
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An overview of New Zealand electricity market 
 

Before 1994, New Zealand had a state owned and controlled electricity system consisting of 

generation, transmission, distribution and retailing. Since then, industry reform has moved the 

system from a state monopoly to a competitive market including generators and retailers. The 

transmission network links generators and local line companies is under the control of 

Transpower, which is a state owned enterprise. In addition, government agencies  regulate  this 

market with a complex code of rules. The New Zealand electricity market is composed of 

generators, retailers, distributors and a national grid. All main retailers are vertically integrated 

with generators and called “Gentailers”. OnEnergy was the last big self-sufficient retailer in 

the market, but was bankrupted by a drought crisis in 2003 and its customers were taken over 

by Meridian and Genesis. Gentailers are the main players in the electricity market. 

 

 

 

Generation 
 

New Zealand has about 75 generators in total. There are five major generator companies: 

Meridian Energy, Contact Energy, Genesis Power, Mercury, and Trustpower. These companies 

are all gentailers and supply 91% of New Zealand's power.   

 

Table 3 Main Electricity Generator Companies in New Zealand (MBIE,2016) 

Generator Company Production (%) 

Meridian Energy (SOE) 35 

Contact Energy 21 

Genesis Energy 13 

Mercury 16 

Trust Power 6 
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Other companies generate electricity with a smaller share of the market: Nga Awa Purua JV, 

Tuaropaki Power, Alinta ENZ, and Todd Energy. 

Total generation capacity is about 10,000 MW The Huntly power station (owned by Genesis 

Energy) has the greatest individual capacity, around 1,448 MW.  

In 2016, 42,590 GWh of electricity was generated in New Zealand, of which 57.1% comes 

from hydro, 15.7% from gas, 16.2% from geothermal, 4.3% from coal, 6.7% from wind and 

bio-mass. 

Table 4 Electricity Generation by source (MBIE, 2016) 

Energy Resource Generation (%) 

Hydro 57.1 

Gas 15.7 

Geothermal 16.2 

Coal 4.3 

Biomass and Wind 6.7 

 

 

 

Transmission 
 

The national electricity transmission grid is owned, operated, maintained and developed by 

Transpower. New Zealand's transmission system is made up of over 12,000 km of high-voltage 

transmission lines, 25,000 towers, 16,450 poles, 174 substations, 1,000 transformers and 2,300 

circuit breakers. This grid connects power stations owned by generating companies to 

substations feeding the local networks that distribute electricity to consumers. Some large 

industrial users of electricity also receive their power directly from the national grid. These 

companies are large industrial electricity consumers such as Carter Holt Harvey (Kinleith Pulp 

and Paper Mill), Norske Skog Tasman (Tasman Pulp and Paper Mill in Kawerau), New 

Zealand Steel (Glenbrook Steel Mill), NZ Aluminium Smelter (Tiwai Point), Pacific Steel 

(Otahuhu steel mill), Pan Pac (Whirinaki pulp mill) and Winstone Pulp International (Karioi 

pulp mill near Ohakune).   
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The High Voltage Direct Connect (HVDC) connects the North and South Islands transmission 

grids together. The line connects to the South Island grid at the Benmore Dam in south 

Canterbury and travels 535 kilometres via towers to Fighting Bay in Marlborough. Then it 

crosses by undersea cables for 40 kilometres to Oteranga Bay in the west of Wellington.  

Twenty-nine lines companies distribute electricity from the grid exit points to final customers. 

Some of largest companies are publicly listed, but most of them are owned by trusts or local 

bodies. 

 

Retailers 
 

Retailers buy a large share of electricity from the wholesale spot market. Most end users 

purchase electricity from retailing companies, most of whom are owned by generators. 

Consumers can choose from up to ten electricity retailers for their energy supply, depending 

on their location. Currently there are 12 major retailer companies in the market: Genesis 

Energy, Contact Energy (including Empower Brand), Mercury Energy (a subsidiary of Mighty 

River), Meridian Energy (customer numbers include the smelter and Energy Direct ICPs), 

Trustpower, Energy Online (a subsidiary of Genesis Energy), Powershop (a subsidiary of 

Meridian Energy), Bay of Plenty Energy (a subsidiary of Todd Energy), Pulse Utilities 

(includes the Just Energy and Pulse Energy retail brands), Bosco Connect (a subsidiary of 

Mighty River Power, including the Tiny Mighty Power retail brand), King Country and Nova 

Energy (a subsidiary of Todd Energy). 

 

Wholesale Market 
 

Retailers and some large users of electricity buy electricity directly from the spot market. They 

typically enter into financial contracts like hedges to smooth out some or all of the volatility in 

spot prices. Spot and hedge markets are components of the electricity market, while there is an 

ancillary service market in the wholesale electricity market. Generators with a capacity larger 

than 10 MW compete in the spot market for the right to sell electricity to satisfy demand subject 

to transmission constraints. They submit offers to generate a specific quantity of electricity at 

a nominated price. Each offer covers a future half-hour period through the Wholesale 

Information and Trading System (WITS). Transpower (the system operator) uses a scheduling 
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and dispatch system to rank offers in order of price, and selects the lowest cost combination of 

offers to satisfy demand. Electricity prices can vary during different time periods, related to 

demand and supply, and they can be different in each location reflecting electrical losses and 

transmission constraints. There are 248 nodes, which are both Grid Injection Points (GIPs) and 

Grid Exit Point (GXPs) across New Zealand. Generators offer electricity prices in 52 nodes via 

GIPs, and consumers demand electricity in 196 GXPs on the national grid. Final prices at each 

node are determined by considering grid losses and constraints and confirmed as final prices 

the following day.     

 

Current Electricity demand 
 

Total electricity consumption was around 39,000 GWh in 2016. The industrial sector with 36%, 

residential with 35%, commercial with 24% and agriculture, forestry and fishing with 5% are 

the main sectoral consumers of electricity. There are 1.7 million residential consumers, 165,000 

commercial consumers, 70,000 agriculture, forestry and fishing consumers, and 40,000 

industrial consumers in New Zealand.  

The largest single consumer of electricity is New Zealand Aluminium Smelters Ltd, which 

accounts for 14% of total demand; 37.4% of electricity is used in the South Island, 28% in 

Auckland and 34.5% is consumed in other parts of the North Island. 

Table 5 Electricity Demand by Sector 

Sector Consumption (%) 

Industrial 36 

Residential 35 

Commercial 24 

Agriculture forestry and fishing 5 

 

 

Tiwai Point Aluminium Smelter 
 

As outlined in the introduction, the aim of this study is to shed light on the economy wide 

effects of the adoption of the new energy savings technology (SHE) on the industrial sector 

that is the most intensive user of electricity in NZ. Experiments (and presented results) are 
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performed on a case inspired by the New Zealand Aluminium Smelter adopting the SHE 

technology. The CGE model is solved for the status quo, and subsequently applied so that it 

captures the adoption of the new technology. For the targetted sector, electricity savings of the 

order of 30-40% are estimated and this is used in the CGE model.  

 

Current Technology 
 

New Zealand Aluminium Smelters Limited (NZAS) is the only aluminium smelter in New 

Zealand. It has been in operation since 1971 and is owned by Rio Tinto Alcan New Zealand 

(79.36%) and Sumitomo Chemical Company (20.64%). The plant is located on Tiwai 

Peninsula, in the province of Southland. Each year NZAS contributes approximately NZ$525 

million (10.5%) to Southland's GDP, employing 800 people in its smelter at Tiwai Point and 

exporting NZD 1 billion of aluminium (to Japan, United States, Europe and other Asian 

countries). This amount is more than the total of New Zealand's wine or wool industries. In 

2012, NZAS produced approximately 327,000 tonnes of aluminium in the form of ingots, 

billets and rolling blocks; 145,500 tonnes of which were in the form of high purity aluminium. 

Tiwai Point smelter produces the highest purity aluminium in the world (99.98% pure). Many 

sectors such as electronics, IT, aerospace and bright finishing require high purity aluminium. 

NZAS's aluminium has a broad range of uses, from the wings of the Airbus A380, to window 

frames, ladders and alloy wheels; 40% of capacitors and 60% of memory discs worldwide are 

made using NZAS aluminium. However, NZAS is the largest single consumer of electricity in 

New Zealand, using around 14% of the total electricity generated. During drought years, NZAS 

may be asked to reduce its electricity demand, which it currently does by shutting down an 

entire production line (a potline) for 3-4 months. Shutting down and restarting a potline is a 

complex and expensive procedure, costing $ 20-$40 million, depending on operational and 

other factors. It also carries some technical risk, so it is undertaken only rarely, principally at 

the request of the national grid operator, Transpower, on behalf of the government, or if the 

production of aluminium becomes uneconomic in the long term. If a novel technology could 

be applied that would enable NZAS to reduce its overall energy consumption, the resulting 

electricity saving would obviate the need to build a new thermal peaking plant and reduce New 

Zealand's current reliance on thermal generation in response to high demand and during dry 

periods (NZAS, 2014). 
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New Technology 
 

Current power required by the smelter's potline is 541 MW. In 2012, the University of 

Auckland engineering team proposed to develop novel heat exchanger technology to allow 

NZAS to manage its electricity usage dynamically, providing significant cost savings for the 

company and preserving generation capacity at peak times for other users. The potential energy 

saving is around 250 MW. NZAS is seeking to manage its peak energy demand by using a 

Shell Heat Exchanger (SHE) technology, allowing NZAS to reduce the amperage on a potline 

when spot prices are high, without closing down the whole line. To illustrate: a reduction of 24 

kA in its P-69 lines when the spot price is high would have resulted in $60 million savings in 

power costs to NZAS in 2012. Although the energy saving will reduce the production cost of 

aluminium for NZAS, the potential benefits to the economy are potentially much broader. 

 

 

Methodology 
 

There are two broad approaches for the quantitative assessment of energy policies and 

programes on the economy: bottom-up models, which focus on the technological detail of an 

energy system; and top-down models, which focus on the structure of the broader economy. 

Bottom-up models represent the energy system is a partial equilibrium framework. They 

include a large number of discrete energy technologies to supply to satisfy exogenous demand. 

These models utilise mathematical programming methods to select the lowest cost combination 

of primary energy subject to technological constraints. This approach is well suited to measure 

the economic impact of changes in energy efficiency. The main weakness of these models is 

that they neglect the macroeconomic impact and income effects of inroducing new energy 

efficient technologies on the economy. In contrast, top-down models study the broader 

economy and consider the interaction between markets through changes in relative prices and 

incomes when a new technology is adopted by a sector. An energy sector is represented in these 

models as an aggregated sector, along with other sectors in the economy. Smooth production 

functions capture substitution possibilities. 
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A shortcoming of top-down models is that they typically do not capture the technological detail 

related to energy production and conversion. Top-down models cannot show how discrete 

technologies change as a result of energy policy.  

Advantages and disadvantages of both approaches led to a hybrid approach use the 

technological detail of bottom-up models with macroeconomic interactions of top-down 

models (Hourcade, Jaccard, Bataille, & Ghersi, 2006). There are various types of hybrid 

models that use a link between both models. Hybrid models can be classified into three 

categories. The first group consists of those models that have a connection between an existing 

bottom-up model and a top-down model. The soft link approach has been used since the 1970s, 

but it has difficulties with consistency of assumption and accounting concepts (Hoffman & 

Jorgenson, 1977), (Drouet et al., 2005), (Schfer & Jacoby, 2006).  

A second group of hybrid models focuses on one type of model as a main model and uses a 

reduced form of another model in the core model. ETA-MACRO (A. S. Manne, 1977), and 

MERGE (A. Manne, Mendelsohn, & Richels, 1995) used a bottom-up energy system model 

linked with a high-aggregate economic model in a single optimisation framework. (Luthi, O 

Bahn, S Kypreos, B Bueler, HJ, 1999), (Messner & Schrattenholzer, 2000), (Carraro, Galeotti, 

Massetti, & Bosetti, ) they all used the same method for their hybrid models. 

Completely integrated models, based on mixed complementarity problems, are the third class 

of hybrid energy models. By introducing a market equilibrium model as a mixed 

complementary problem and a combination of this with an optimisation problem of a bottom-

up model, we can use a single mathematical format to capture the technological detail and 

economic behaviour in a single framework Böhringer (1998).  

 

(Wing, on the Science, Joint Program, & Policy of Global Change, MIT, 2008) applied a 

mathematical programming approach to develop a hybrid model of climate change to fill a gap 

between bottom-up engineering models and top-down macroeconomic models. By using 

United States data, he showed how electricity engineering costs can be integrated with the data 

of the electricity sector of a CGE model.   

(Frei, Haldi, & Sarlos, 2003) proposed a dynamic formulation of top-down and bottom-up 

energy policy models. By presenting a complementary format of a CGE model, and including 
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an endogenous formulation of investment decisions, this study presents the possibilities of 

capital stock and technology changing into an energy economy model in the long term. 

 

(Proena & Aubyn, 2013) studied the feed-in tariff as a policy instrument in Portugal's economy 

for introducing renewable generated electricity under European Union directives on energy and 

climate regulation. They used a hybrid modelling approach to represent the complex interaction 

between energy, economic, and environmental problems related to energy policies. Their 

results show that a feed-in tariff policy is an effective and cost-efficient method in the 

generation of electricity by renewables in Portugal. 

Although the integrated Mixed Complementarity Problem (MCP) is coherent and logical, 

complexity and dimensionality are two limitations when faced with an optimisation problem 

of an energy system with lower and upper bounds. As complementarity has both dual and 

primal relationships, in many cases the number of equations and potential programing errors 

increase. In an optimisation model of an energy system, there are some upper and lower bounds 

on many decision variables, therefore when moving the MCP formulation, a modeller faces 

robustness, efficiency problems and income effects.   

( Böhringer & Rutherford, 2006) present a decomposition approach of the integrated MCP 

formulation that allows a modeller to combine an energy system model and a general 

equilibrium model. An iterative algorithm settles the quantities and price between these two 

models, while general equilibrium uses the MCP format and an energy system utilises quadratic 

programming. 

The Arrow-Debreu theorem considers an economy as a set of agents called demanders and 

suppliers, interacting in several markets for a certain number of commodities. Each agent is a 

price-taker. Therefore, the market interactions set the price, not the agent. In this case, each 

agent is defining her supply or demand behavior by optimizing the profit or cost and utility 

functions. This theorem states that under specific conditions there are a set of prices that brings 

supply and demand quantities into the equilibrium. In this case, all agents are fully satisfied.  

So, this model is core theory of general equilibrium, and it is often used as a general reference 

for other microeconomic models. Therefore, I used Arrow-Debreu theory to explain and build 

CGE models in this thesis.   

 



43 
 

Arrow-Debreu equilibria 
 

Complementarity between upper and lower bounds on equilibrium variables and weak 

inequalities is a feature of market equilibrium ( Böhringer & Rutherford, 2006). Because of the 

complementarity feature of market equilibrium, a modeller can use a mathematical format of 

market equilibrium as a MCP. The MCP approach provides a general mathematical format that 

covers weak inequalities, i.e. a mixture of equations and inequalities, and complementarity 

between variables and functional relationships. It includes a wide range of mathematical 

problems, including systems of linear or nonlinear equations or mathematical programmes 

(Rutherford, 1995). The MCP formulation relaxes the integrability constraints for equilibrium 

conditions which emerge as first-order conditions from primal or dual optimisation problems. 

This permits the direct representation of market inefficiencies such as distortionary taxes or 

spillovers that cannot be readily studied in an optimisation framework (Böhringer & 

Rutherford, 2005). 

To represent the algebraic format of an equilibrium, consider a competitive economy with 

 

 𝑛 Commodities (including primary factors) indexed by i, 

 𝑚 Sectors indexed by j, 

 𝐻  Households 

Based on (Mathiesen, 1985), there are three categories of decision variables: 

 𝑝 is a non-negative n-vector of prices for all goods and factors, 

 𝑦  is a non-negative m-vector for activity levels of constant returns to scale (CRTS) 

production sectors, 

 𝑀   is a non-negative k-vector in incomes.   

In this economy, the following conditions apply in equilibrium 

 

 Zero Profit Condition 

No production activity makes positive profit: 
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− (𝑝) ≥ 0 

Equation 1 

Where: 

∏ (𝑝) Shows the difference between unit revenue and unit cost or the unit profit function for 

CTRS production activity in sector 𝑗  

 

 Market Clearance condition or Excess supply 

Supply minus demand is non-negative for all goods and factors: 

𝑦
𝜕 ∏ (𝑝)

𝜕𝑝
+ 𝑤 ≥ 𝑑 (𝑝, 𝑀 )            ∀  

Equation 2 

Where: 

∑ 𝑦
∏ ( )

 is the compensated supply of good 𝑖 per unit operation of activity 𝑗 by Hotelling's 

lemma. 

𝑤  denotes the initial endowment matrix by commodity and household. 

𝑑 (𝑝, 𝑀 ) is the utility maximizing demand for good 𝑖 by household ℎ. 

 

 Income Balance 

Expenditure for each household ℎ equals factor income, i.e. factor income equals the price of 

initial endowment 

𝑀 = 𝑝 𝑤  

Equation 3 

In equilibrium there are three inequalities Eq. (1), (2) and (3), and two more additional 

conditions: 
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 Irreversibility 

All activities are operated at non-negative levels 

𝑦 ≥ 0          ∀  

Equation 4 

 Free disposal 

Prices are always non-negative 

𝑝 ≥ 0          ∀  

Equation 5 

 

Provided that underlying utility functions exhibit non-satiation, household expenditure will 

exhaust income, so: 

𝑝 𝑑 (𝑝, 𝑀 ) − 𝑀 = 𝑝 𝑤  

 

By substituting 𝑝 (𝑑 (𝑝, 𝑀 ) − 𝑤 ) = 0 into Eq.(2), we have an  inequality : 

𝑝 𝑦
𝜕 ∏

𝜕𝑝
= 𝑦 (𝑝) ≥ 0                ∀  

 

Equation (1) and (4) show that 𝑦 ∏ (𝑝) ≤ 0       ∀ .  

 

So, in equilibrium, any activity which earns negative unit profit is idle: 

𝑦 ∏ (𝑝) = 0       ∀ . 

 

Moreover, any commodity in excess supply must have a zero price: 
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𝑝 𝑎 (𝑝)𝑦 + 𝑤 − 𝑑 (𝑝, 𝑀 ) = 0         ∀  

 

Complementarity format of a general equilibrium 
 

Complementarity between equilibrium variables and equilibrium conditions is a feature of 

economic equilibrium: 

 Positive market prices imply market clearance, otherwise commodities are in excess 

supply and the respective prices fall to zero. 

 Activities will be operated as long as they break even, otherwise production activities 

are shut down.  

 Income variables are linked to income budget constraints. 

General format of a complementarity problem is 

Given 𝑓: 𝑅 → 𝑅 , 𝑙, 𝑢 ∈ 𝑅  

Find 𝑧, 𝑤, 𝑣 ∈ 𝑅  

 

Subject to 

 

𝑓(𝑧) − 𝑤 + 𝑣 = 0 

𝑙 ≤ 𝑧 ≤ 𝑢, 𝑤 ≥ 0, 𝑣 ≥ 0, 

𝑤 (𝑧 − 𝑙) = 0, 𝑣 (𝑢 − 𝑧) = 0 

 

Now, we have formulated our market equilibrium as a mixed complementarity problem (MCP) 

by setting 𝑙 = 0, 𝑢 = +∞, 𝑧 = [𝑦, 𝑝, 𝑀], and letting 𝐹(𝑧) depict the equilibrium conditions. 
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Electricity Generation Model 
 

The energy generation model is formed as a linear optimisation problem that seeks to find the 

least-cost schedule for meeting exogenous energy demand using a given set of energy 

technologies. 

𝑀𝑎𝑥         𝑝 (𝑒 − 𝑥) 

Equation 6 

Subject to 

𝐴𝑥 + 𝐵𝑧 ≥ 𝐶𝑒 

𝑒, 𝑥 ≥ 0, 𝑙 ≤ 𝑧 ≤ 𝑢 

Where: 

𝐴, 𝐶 ∈ 𝑅 × 𝑎𝑛𝑑 𝐵 ∈ 𝑅 ×  are technical constraints 

𝑧 ∈ 𝑅 : are decision variables of energy system which may be subject to lower bound  𝑙 ∈ 𝑅  

and 𝑢 ∈ 𝑅 upper bounds. 

By writing Kuhn-Tucker conditions and simultaneously solving with the equilibrium 

conditions, we have: 

𝐶 ≥ 𝑝,   𝑒 ≥ 0,   𝑒 (𝐶 𝜋 − 𝑝) = 0 

𝑝 ≥ 𝐴 𝜋,   𝑥 ≥ 0,   𝑥 (𝑝 − 𝐴 𝜋) = 0 

𝐴𝑥 + 𝐵𝑧 ≥ 𝐶𝑒,   𝜋 ≥ 0,   𝜋 (𝐴𝑥 + 𝐵𝑧 − 𝐶𝑒) = 0 

𝑙 ≤ 𝑧 ≤ 𝑢,   𝜆 (𝑧 − 𝑙) = 0,   𝜇 (𝑢 − 𝑧) = 0 

𝜆 + 𝛽 𝜋 = 𝜇 

By linear programming duality: 

𝑝 (𝑒 − 𝑥) = 𝜇 𝑢 − 𝜆 𝑙 

Therefore we can rewrite equation (3) as,  

𝑀 = 𝑝 𝑤 + 𝜓 (𝜇 𝑢 − 𝜆 𝑙) 

Equation 7 
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So, the integrated bottom up model can be solved by equations (1)-(3),(6), (7). 

 

 

Iterative Process 
 

To link a CGE model with an optimisation model for electricity, we use an iterative algorithm 

which uses the demand for electricity and electricity inputs from the economy model (CGE). 

The electricity generation model provides the quantity of electricity supplied subject to 

technological constraints and demand. Electricity supply flows to the economic model which 

generates new prices and demand for electricity. This process is repeated until the model 

converges; such that price and demand do not change. 

Figure 7 iterative process between energy and economy model 

 

 

Data and model 
 

The New Zealand input-output table is used to build a social accounting matrix for the CGE 

model. NZ Statistics publishes input-output table for New Zealand, and the latest available 

version was released in 2012. There are 106 industries and 205 commodities groups in the 

table. We aggregate this classification to 11 groups of goods and industries. As the primary 
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purpose of this study is to represent the role of electricity intensive metal manufacturing in the 

NZ economy, we consider this as a separate sector in the Social Accounting Matrix (SAM). 

We divide data of metals sector into two categories, basic metals and light metals industry. 

Elasticities used in this study obtained from the literature (De Veirman & Dunstan, 2011; 

NZIER, 2004; Rutherford, 2003; Strutt & Rae, 2011) and GTAP database.   

 

For the electricity sector, we use data of all active generators in New Zealand and the marginal 

cost per MW of electricity generation is based on the type of generator and technology 

employed. There are 17 thermal plants gas, coal and gasoline. Most thermal generators are 

located in the north island. Total capacity of thermal generation is 3230 MW. Hydro generation 

is represented by 13 generators with 5196 MW capacity which is mostly located in the south 

island. There are 11 geothermal generators with 748 MW capacity that provide electricity of a 

very low marginal cost. There are eight wind turbines by 601 MW capacity as well in the 

electricity system with a marginal cost of almost zero (2011 NZ generation data, update, 2012). 

 

 

Computable General Equilibrium 
 

In this section we describe the specification of a CGE model for analysing the impact of 

introducing an industrial energy-saving technology into New Zealand; a small open economy. 

We show the detailed algebraic description of a CGE model and link it with the electricity 

generation model.  

Our model is a static, multi-sectoral, applied CGE model for a small open economy formulated 

in the mixed complementarity format as a non-linear system of inequalities. We follow the 

standard Computable General Model (CGE) assumptions for this chapter and the following 

chapters. This is based on typical Walrasian hypotheses: perfect competition and price-taking, 

market clearing, free entry/exit and zero (extra) profits. 

Our model is a static, multi-sectoral, applied CGE model for a small open economy formulated 

in the mixed complementarity format as a non-linear system of inequalities. We follow the 

standard Computable General Model (CGE) assumptions for this chapter and the following 
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chapters. This is based on typical Walrasian hypotheses: perfect competition and price-taking, 

market clearing, free entry/exit, and zero (extra) profits. 

 

 

Factor Markets 
 

Capital and labour are primary factors of production. Initial factors endowments are exogenous. 

Factor markets are perfectly competitive and prices adjust, such that supply equals demand. 

Labour and capital are assumed to be perfectly mobile across sectors.  

 

 

Figure 8 CGE Model Dimensions 

No. Code Production Sectors No. Code Primary Factors 

1 AFF Agriculture, Forestry 

and Fishing 

1 CAP Capital 

2 MIN Mining 2 LAB Labour 

3 FOD Food Processing  

4 WPP Wood, Pulp and 

paper 

5 CHM Chemicals 

6 BAM Basic Metals 

7 ALZ Aluminium 

8 MAN Manufacturing No. Code Final Demand 

9 SER Services 1 HOS Household 

 Energy 2 GOV Government 

10 FOL Fossil Fuels 3 INV Investment 

11 ELE Electricity 4 EXP Export 

 

   

 



51 
 

Production 
 

The CGE production structure includes 11 sectors/commodities (two energy sectors, nine non-

energy sectors). In this model the light metals sector is considered as a single non-energy sector. 

It is assumed that in each production sector a representative firm minimises the cost of 

producing output subject to nested constant elasticity of substitution (CES) production 

functions, that reflect the substitution possibilities in domestic production between inputs of 

capital (K), labour (L), an energy composite (E) and a material aggregate (M). Each 

intermediate input represents a composite of domestic and imported varieties (Armington 

composite good). Production of goods, other than the electricity generation sector, supply of 

domestic and export markets is described by an aggregate production function which 

characterises technology through transformation possibilities on the output side and 

substitution possibilities on the input side. On the output side, production is split between goods 

produced for the domestic market and those produced for the export market, according to a 

constant elasticity of transformation (CET) function. On the input side, a three-level CES 

function captures the price-dependent use of inputs in production. At the top level, a CES 

material composite trades off with an aggregate of capital, labour and energy, subject to a 

constant elasticity of substitution. At the second level, a CES function depicts the substitution 

possibilities between the energy composite and a value-added aggregate. Finally, at the third 

level, capital is combined with labour, trading off at a constant elasticity of substitution. 

Aggregate material inputs to production of item g are a single-level CES function across all 

non-energy intermediate inputs (M). In the energy composite (E) production structure, energy 

input substitution possibilities are captured by a nested CES function. Fossil fuel aggregate 

(primary energy inputs) combines with electricity at a constant elasticity of substitution. The 

electricity generation sector is an exogenous parameter coming from the electricity generation 

model. 
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Figure 9 nesting structure of non-energy production function 

 

 

 

Figure 10 nesting structure of energy production function 
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Final consumption  
 

Final demand involves households, government, commercial enterprise and export market. 

Final consumption demand for households is derived from utility maximisation of a 

representative household, subject to a budget constraint given by the income level. 

Consumption demand of the representative agent is depicted as a CES aggregate of an energy 

composite and a non-energy composite good. Substitution patterns within the non-energy 

consumption bundle are reflected via a CES function with an Armington aggregation of imports 

and domestic commodities; the energy composite consists of the various energy goods trading 

off at a constant elasticity of substitution.  

 

Figure 11 utility nested function of representative consumer 

 

  

 

International trade 
 

We make two common assumptions when modelling international trade. First, the small 

economy assumption which means that the domestic market is too small to influence world 

prices and the world market can satisfy all the importing and exporting needs of the domestic 

economy. Second, based on Armington (1969), imported and domestically produced goods of 
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the same type are imperfect substitutes; similarly, domestically produced goods may be 

supplied either to the domestic market or the export market by the constant elasticity of 

transformation function (CET). The Armington assumption of product heterogeneity means 

that all goods used in the domestic market in intermediate and final demand correspond to a 

combination of domestic production and ROW imports with a CES composite function, the so-

called Armington composite good. Foreign trade closure requires that the value of imports to 

the rest of the world is equal to the value of exports from the rest of the world after including 

a constant benchmark trade surplus or deficit. New Zealand is a small open economy and we 

assume it to be a price-taker with respect to world market prices (world prices are exogenous). 

So trade with the rest of the world is represented by perfectly elastic (horizontal) import-supply 

and export-demand functions. 

 

Figure 12 nesting structure of Armington good 

 

 

Activity Variables 

 𝑌  refers to the production of non-energy good 𝑖, 

 𝐸  represents energy aggregate input in sector 𝑖, 

 𝐹𝐹  refers to the production of fossil fuel 𝑖 𝜖 {coal, oil and gas}, 

 𝐸𝐿𝐸 denotes the production of electricity, 

 𝐴  shows the Armington aggregate good 𝑖, 

 𝑈 is the utility of aggregate household final consumption, 

 𝑀  is the world import aggregate of good 𝑖. 
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Price Variables 

 𝑃  is the output price of good 𝑖 produced for domestic market, 

 𝑝  is the output price of good 𝑖 produced for the exported market, 

 𝑝  is the price of Armington aggregate good 𝑖, 

 𝑝 is the price of energy aggregate in sector 𝑖, 

 𝑤 is the labour price, 

 𝑟  is the capital price, 

 𝑟  is the rent to natural resource 𝑖, 

 𝑃  is the electricity price, 

 𝑃  is the utility price index, 

 𝑃  is the price of world import aggregate for good 𝑖. 

 

 

Income variable 

 𝑀 is the income of representative household 

 

Unit profit function of non-energy output can be written as: 

= 𝑃 − 𝜃 (𝑝 ) + (1 − 𝜃 )𝑝 − 𝜃 𝑝

∉

− (𝜃 ) 𝜃 (𝑝 ) + (1 − 𝜃 ) 𝑤 𝑟 = 0 

Where: 

 𝜃  is the value share of ROW exports in sector 𝑖, 

 𝜃 is the cost share of non-energy intermediate input 𝑗,in sector 𝑖, 

 𝜃  is the cost share of 𝐾𝐿𝐸 aggregate in sector 𝑖, 

 𝜃  is the cost share of energy in the 𝐾𝐿𝐸 aggregate of sector 𝑖, 

 𝜃  is the labour cost share in sector 𝑖, 
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 𝜂 is the elasticity of transformation between production for the domestic market and 

production for the export market, 

 𝜌𝐾𝐿𝐸 is the elasticity of substitution between the energy aggregate and the value added 

in non-energy production, 

 𝑌 is the associated complementary variable. 

 

The unit profit function for energy aggregate can be written as: 

= 𝑃 − [𝜃 (𝑃 ) + (1 − 𝜃 )(𝑃 ) ] = 0 

Where, 

 

 𝜃  is the cost share of electricity in energy demand by sector 𝑖, 

 𝜌𝐸𝐿𝐸 is the elasticity of substitution between electricity and non-electricity energy 

goods in production. 

 𝐸 is the associated complementary variable. 

 

 

Unit profit function for Armington aggregate good is: 

= 𝑃 − 𝜃 𝑃 + 1 − 𝜃 (𝑃 ) = 0 

 

Where: 

 𝜃  is the cost share of domestic variety 𝑖 in Armington aggregate good, 

 𝜌𝐴 is the Armington substitution elasticity between domestic and imported varieties of 

the same good, 

 𝐴 is the associated complementary variable. 

 

The unit profit function for household consumption is: 
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= 𝑃 − 𝜃 (𝑃 )

∉

+ (1

− 𝜃 ) 𝜃 (𝑃 ) + (1 − 𝜃 ) 𝑃 = 0 

Where : 

 𝜃 is the cost of non-energy composite in aggregate household consumption, 

 𝜃  is the cost of electricity in household energy aggregate demand, 

 𝛾  is the cost share of non-energy good i in non-energy household demand, 

 𝜌𝐶 is the elasticity of substitution between energy and non-energy goods in household 

consumption, 

 𝜌  is the elasticity of substitution between electricity and non-electricity energy in 

household consumption, 

 𝐶 is the associated complementary variable. 

 

Integration of electricity generation into the CGE model 
 

The electricity generation sector and CGE model are solved based on an algorithm by 

(Böhringer & Rutherford, 2009). At the first step, we generate a consistent benchmark data set 

where electricity sector outputs and inputs are consistent with the aggregate representation of 

the Social Accounting Matrix (SAM). In the second stage, we simulate utilisation of 

technologies by calibrating the electricity generation model to observed demand for output at 

the market price. Then, for the electricity market, given the benchmark demand (d), we 

simulate the benchmark output of each generator 𝑌  as well as the benchmark price𝑃 , by 

solving following expressions as a mixed complementarity problem.  

𝐶 + 𝜇 ≥ 𝐶     ⊥      𝑌 ≥ 0 

where  

 𝑌  is the output level. 

 𝜇  is the shadow value of installed capacity. 
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 𝐶 is the marginal cost of the generator used to cover the last unit of demand. 

And it is the complementarity variable of the capacity constraint of each generator: 

𝑌 ≤ 𝜅    ⊥       𝜇 ≥ 0 

where:  

 𝜅  is the dependable capacity of generator 𝑔. 

The equilibrium marginal generation cost 𝐶is determined by a market clearing condition: 

𝑌

∈

≥ 𝑑    ⊥       𝐶 ≥ 0 

where:  

𝐺 is the set of generators, 

𝑑 is electricity demand. 

 

The price of electricity 𝑃, is given by the average generation costs 

 

𝑃 =
∑ 𝑌 𝐶∈

𝐷
 

where:  

𝐷 is the total demand for generation over the year. 

We now explain the algebraic description of the iteration process.  This is similar to (Lanz & 

Rausch, 2011) strategy for their integrated model.  Let 𝑛 =  1, . . . , 𝑁 shows an iteration index 

and consider first the economy-wide component. Electricity supply obtained from solving the 

electricity generation model in iteration (𝑛 − 1) are used as input to parametrize the general 

equilibrium model in 𝑛.  We show the market clearing condition for electricity as: 

 

𝑌 ( ) ≥ 𝑥
𝜕𝜋

( )

𝜕𝑝
( )

            ⊥   𝑝
( )

          𝑖 = 𝑒𝑙𝑒 
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The left hand side of the equation comes from electricity model and the right hand side is 

related to CGE model. In the electricity generation model, in each iteration our linear function 

re-calibrated to price and quantities that comes from CGE model. Therefore the demand 

function in iteration 𝑛 is updated according to: 

 

𝐷 = 𝐷𝜁 1 + 𝜖
𝑃

𝑃𝜁
− 1  

𝜁 = 𝑥
𝜕 ∏ 𝑝

𝜕𝑝
𝐷  

 

𝜉 = 𝑃
( )

𝑃  

 

Where 𝜁  and 𝜉  are scale factors on the 𝑛  solution of CGE model and reference demand 𝐷  

and price 𝑃 .   

 

We assume a neoclassical closure for the investment-saving that considers investment adjusts 

endogenously to accommodate any change in savings. For the labour market closure we assume 

flexible wages and full employment. Also, we consider a small open economy to be price-taker 

with respect to world market prices. World prices are assumed to be exogenous, and therefore 

trade with rest of the world is included by perfectly elastic rest of the world import-supply and 

export-demand functions. 

I assume a neoclassical closure for the investment-saving that considers investment adjusts 

endogenously to accommodate any change in savings. For the labour market closure we assume 

flexible wages and full employment. Also, we consider a small open economy to be price-taker 

with respect to world market prices. World prices are assumed to be exogenous, and therefore 

trade with rest of the world is included by perfectly elastic rest of the world import-supply and 

export-demand functions. 
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Results 
 

In this section, the economic impact of introducing efficient technology to the aluminium sector 

is presented. Engineers estimated that utilizing the new heat exchanger technology will result 

in around 40 percent electricity savings. Our results shows the impact of a large scale electricity 

demand reduction by NZAS. Household’s consumption of goods and services has increased by 

0.045%. However, we cannot observe any change in demand for goods and services by 

government and investment sector.  

Our results show an increase in consumption of goods and services in New Zealand as a result 

of large scale energy saving technology. We can see 1.045 percent increase in consumption of 

goods and services for a representative household. However, government and aggregate 

investment are not affected by improvements in energy savings  because their production 

function is not that sensitive to such a change in electricity price.   

Table 6 shows aggregate output from agriculture, forestry and fishing will increase to 2.3 

percent, the highest impact associated with introducing energy saving technology in the 

economy. Given a constant elasticity of substitution, once electricity price decreases as a result 

of using cheaper technology to generate electricity, these sectors use more electricity for their 

production. However, this can lead to an increase in other inputs for these sectors (e.g. more 

fertilizer) because of higher profits. Such a change will have an impact not only on this sector’s 

output, but also on other sectors demand and supply as well by a change in relative prices.  

An increase in the price of Aluminium by 16%, and a decrease of 2% in the price of electricity 

by using cheaper electricity generation technology observed, while the price of other 

commodities did not change. Aluminum supply decreases, however aluminum demand does 

not change and the price of aluminum will increase as a result of an increase in the cost of 

aluminum production 
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Table 6 change in economic outputs by sector 

Industry Change (%) 

Agriculture, Forestry and 

Fishing  

2.30 

Mining  0.00 

Food and beverage  1.45 

Wood, Pulp and paper  2.016 

Chemical  -0.02 

Basic Metal  0.00 

Aluminium production -40.00 

Electricity -0.94 

Manufacturing  1.026 

Fossil fuel  0.00 

Services  0.00 

 

The food and beverage sector is also affected by a change in relative prices and output from 

other sectors, especially increases in primary sector output. More inputs and cheaper electricity 

leads to an increase in food and beverage output.  

However, the reduction in electricity price results in an increase in production of wood, pulp 

and paper. This sector is energy intensive and a change in electricity price resulted in more 

demand for electricity. This increase in output is not limited to this sector and has flow on 

impacts in other sectors that use wood, pulp, and paper.  

Primary metal products is also an energy intensive sector and more output is expected (e.g. 

steel production). However electricity is not the only input and a lower electricity price did not 

change output. The main reason for this is the Leontief production function which is similar to 

that used in modelling aluminium production. Thus, other inputs also increase to change output. 

However, other inputs in this sector mainly come from the mining sector and are not affected 

by change in the relative prices and output does not increase.  
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The mining sector is not affected by gains in energy savings at NZAS. This sector depends on 

fossil fuels rather than electricity for production. Production of chemical materials slightly 

decreases as a result of a decline of electricity use by the smelter. NZAS will demand fewer 

bath materials as the production function is Leontief. Less electricity consumption means less 

use of other inputs such as bath materials that come from the chemical sector. This decrease is 

very small however and the decrease in production is negative.  

Manufacturing is an energy intensive industry and output increases because of cheaper 

electricity. Also, primary metal products are the main input in this sector. So, as the price of 

primary metal did not change, manufacturing uses more electricity. Therefore output in this 

sector is formed to increase.  

Electricity production will start to decrease at first because of less demand from NZAS. So, the 

total supply of electricity decreases. As a result, the electricity system starts using lower 

marginal cost generators (e.g. Hydro) which reduces the cost of generation. Therefore, a 

decrease in electricity price is expected as the cost of generation reflected in the price. Then, 

as our model shows, demand increases in response to new lower electricity prices. So, again 

we have an increase in the price of electricity to achieve a new balance. To illustrate this process 

figure 6 shows a decline in demand by using an energy savings technology from 𝐷  to 𝐷  

reflect a fall in price from 𝑃  to𝑃 . An increase in demand from 𝐷  to 𝐷  has no impact on 

price; however while moving to 𝐷  increases price to 𝑃 . Therefore, a change in electricity 

price depends on how big is the shift in demand curve.   
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Figure 13 electricity market equilibrium 

 

 

If NZAS reduced electricity demand by 40 percent, the quantity of aluminium produced by 

NZAS decreased by 40 percent because of the Leontief function used to characterise smelter 

production. 

Services and fossil fuel sectors are not highly related to electricity demand reduction and as 

expected there is no change in output. 

New Zealand economy is relatively small in terms of global market and also aluminium sector 

is a small part of the New Zealand economy, so there is no change in the export/import of other 

goods observed by electricity demand reduction other than the aluminium sector. 

Also, results indicate that international export prices in all sectors of the economy did not change 

after utilizing the new technology into smelter.  

An increase in the price of Aluminium by 16%, and a decrease of 2% in the price of electricity 

by using cheaper electricity generation technology observed, while the price of other 

commodities did not changed. Aluminium supply deceases, however demand for aluminium 

does not change and the price of aluminium will increase as a result of increase in the cost of 

aluminium production.  



64 
 

Electricity price should first decrease as a result of using excess generation capacities 

associated with zero or low marginal cost technologies.  

However, Aluminium sector has a very small share in New Zealand's GDP. So, we cannot 

expect a huge change in the economy by using energy savings technology in this sector. 

 

The welfare impact of the TC in consumption of the energy is measured in terms of Hiccksian 

equivalent variation (HEV) in income, which captures changes in the economic agent’s income 

induced by TC. Our result shows a 0.012% change that is positive but small. This welfare 

impact is the result of lower electricity price and increase in the consumption of electricity by 

households. 

 

Conclusions 
 

In this study we described the structure of a hybrid model comprising a top down CGE model 

and a bottom up optimization model for electricity generation. The economic impact of 

introducing new heat exchanger technology to electricity intensive light metal production is 

not limited to this sector. Electricity demand reduction from this sector, injects more electricity 

into the national electricity grid. This electricity surplus opens up two options for other sectors. 

First, using the same amount of electricity at a lower price decreases the marginal cost of 

production. Second, using more electricity at the same or lower price. More supply of 

electricity is an incentive for other sectors to both increase their electricity demand and decrease 

their production costs. The economy can benefit from lower energy costs and compete with 

imported goods and improve the competitive advantage of exports.   

In the electricity sector, as long as demand declines there is no reason to use expensive thermal 

generators and the marginal cost of electricity generation will decrease. The new equilibrium 

between aggregate electricity demand and supply results in a new electricity price. 

 

Electricity demand is inelastic in all sectors of the economy. Even if there is a surplus of 

electricity in the market, lower prices are unlikely to encourage consumers to use more, at least 

in the short-run. We cannot expect a significant change in consumption across the economy. 
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However, there is scope for some sectors to substitute electricity in their consumption or 

production process so as to maximize their profit. 

Although NZAS is the largest single consumer of electricity in NZ, the share of aluminium 

production in NZ’s GDP is not big enough to have a significant direct impact on the whole 

economy. The effect on the electricity market indirectly is transferred to the rest of the 

economy. These changes are very small, and the direction is more important than the scale of 

the change.   

Electricity production decreased at first because of less demand from NZAS. The electricity 

system used lower marginal cost generators (e.g. hydro) rather than high marginal cost 

generators which reduces the cost of generation. Therefore, a reduction in electricity price is 

result of a change in the cost of generation. The lower electricity price motivates the rest of the 

economy to increase demand leading to an increase in electricity price. This process of 

adjustment continues until an equilibrium achieved with new supply and demand. Generally, 

we found a small shift in the electricity price because NZ has enough capacity to generate 

electricity from low marginal cost renewable resources. Also, most of the energy-intensive 

sectors are not price elastic even if it is cheaper. 

We should notice although technological change happens in the smelter, energy savings from 

the smelter is the key point of this paper. By utilizing the heat exchanger technology, we expect 

around 40% energy savings by the smelter and therefore energy savings for the electricity 

system. Aluminum production at NZAS is characterized with a Leontief function involving a 

fixed share of inputs in production. So, a reduction in the electricity used is coupled with a 

decrease in other inputs as well as a decline of 40% in the aluminum production.  

Results show that there is small growth associated with introducing heat exchanger technology. 

New Zealanders benefited from such energy-saving technology through increased 

consumption. This results in an increase in the welfare.  However, government and investment 

demand for goods and services are not affected by such improvements.   

Aggregate supply in the agriculture, forestry, and fishing section increased. This sector was 

represented by a constant elasticity of substitution production function that means they can 

replace other inputs with electricity to maximize the profit using current technology. In other 

words, their cost of production decreased. However, because production was still profitable, 

they increased demand for other inputs that had an impact on other sectors’ output. For 

example, more fertilizer is required by agriculture. Such a change had a bearing not only on 
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the output of this area but also on demand and supply of other industries by a change in relative 

prices. So, we observed a small increase in the production.  

 

Food and beverage industry was also affected by the change in the relative prices and quantity 

of output from other sectors, especially increase in the agriculture production and change in 

electricity price. More inputs and lower electricity price led to an increase in food and beverage 

production. The production of wood, pulp and paper industry increased because this sector is 

energy-intensive and a change in electricity price resulted in more demand for electricity. 

However, this increase in output was not limited to this industry, and the impact was influenced 

other sectors that use wood, pulp, and paper as input.  

Primary metal products is also an energy intensive industry. An increase in output was expected 

(e.g. steel production). However, electricity is not the only input and, lower electricity price 

did not change output. The main reason for this is the shape of production function which is 

similar to aluminium production is that it needs a fixed portion of inputs. Other inputs also 

increase in response to a change in output. However, other inputs in this sector came from the 

mining industry and have not affected the change in the relative prices. No increase in their 

supply is  observed.  

The mining sector has not affected by energy savings at NZAS. This part of the economy is 

more depended on fossil fuels rather than electricity. 

Production of chemical materials slightly decreased as a result of a decline of electricity by the 

Smelter. NZAS demanded fewer bath materials as the production function is Leontief with 

fixed share of inputs. Less electricity means less use of other inputs such as bath materials that 

come from chemical sector. This decrease in supply of this industry was extremely small. 

However, the direction is negative in production.  

Manufacturing is an energy intensive industry and supply is expected to increase because of 

cheaper electricity. Primary metal products are the main input in this sector. Because the price 

of primary metal did not change, manufacturing used more electricity which combined with 

other inputs and to increase total output.  

Services and fossil fuel sectors are not highly related to the price of electricity. So, the results 

did not show any change in output.  
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In terms of the export market as expected, the model results show a huge decrease in the export 

of aluminum as a result of a reduction in the amount of production. However, quantity and 

prices in all sectors of the economy did not change in international markets after utilizing the 

new technology into the smelter.    

New Zealand economy is a relatively small economy in terms of global market, and also the 

aluminum industry is a small part of the New Zealand economy, so there is no change in the 

export/import of other goods observed by electricity demand reduction other than the 

Aluminium sector. Therefore no change in the exchange rate resulted from utilizing the energy 

savings technology.  

Generally, results provide evidence to show that impact of a technological change especially 

in energy sector is broad. To design energy-efficiency polices we need to consider many 

interactions in the economy. Therefore CGE models can help policymakers to have a better 

understanding of energy policies at national or international level. Considering a competitive 

market in aluminium production in the world, policymakers should consider the cost of 

aluminium production if they want to keep their share in the global market4.   

As a result, the aluminium sector can benefit from using energy efficiency technology and other 

sectors in the economy will use the remaining electricity to decrease their production costs. 

In general, there are some limitations for this study, including lack of updated data, not a unit 

electricity price for whole year. Also, we cannot capture the regional impact of this energy 

savings technology because there was not a regional input-output table for New Zealand 

available for this study. Future studies can focus on the impact of this technological change on 

trade, especially global aluminium market. Another filed for the future studies is using nodal 

prices in New Zealand that probably shows the impact of TC more accurate.  

 

 

 

                                       
4 Aluminium is a strategic good for each country because of diverse use in many industries including military. 
So, currently some countries including U.S. try to put some import tariff to protect themselves from future national 
security issues. Although New Zealand is not exporting too much aluminium to U.S., this tariff has an impact on 
the global market and price. So, considering energy saving technologies can keep competitive power by 
controlling the cost of production. 



68 
 

 

 

 

 

 

 

 

III. Chapter 3 

 

 

 

 
 
 

The role of Policy in uptake Electric Vehicles in New Zealand 
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Introduction 
 

New Zealand’s energy emissions are dominated by three main sectors including national 

transport, electricity generation and industrial production. Almost 40% of New Zealand’s 

greenhouse gas emissions in energy the sector comes from transportation. Road transport 

accounts for 89% of emissions from the energy sector. The majority emissions (81%) are 

associated with the light passenger and commercial vehicle fleet. Emissions from the transport 

sector are currently 60% above 1990 levels and are projected to be 75% above 1990 levels by 

2020 in New Zealand (2016). 

Motorized vehicles have increased the standard of living and contribute to faster economic 

growth. Growth in motorised transportation increases demand for fossil fuels. Besides the 

negative environmental impact of using fossil fuels, any increase in the human population and 

wealth contribute to fossil fuel demand. The total number of motor vehicles worldwide was 

around 500 million in 1998. This number increased to 1.2 billion in 2014 and is expected to 

surge to 2 billion in 2035 (Voelcker, 2014).  

Technological change has a significant impact on dependency on fossil fuels. A change in the 

propulsion technology from fossil fuels to alternative energy resources is one step to achieve a 

reduction in fossil fuel consumption in the transportation sector. Electric vehicles (EVs) have 
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the potential to make a meaningful contribution to the transition to a low-carbon economy, 

without any negative impact on individual mobility or economic growth. 

New Zealand is one of the most EV-ready and friendly countries in the world as most of the 

electricity generated from renewables. In the past few years, there was a huge and ongoing 

improvement in technology and a significant decrease in the cost of EVs. However, these cars 

are still not competitive in price and cannot compete with traditional internal combustion 

engines. While there is ongoing development on the technological side, the impact of different 

policy scenarios to facilitate greater utilization is still unknown.  

Many studies have discussed electric vehicles in NZ. (Business NZ Energy Council (2016); 

Williams et al.  (2015); Lemon & Miller (2013); Metcalfe and Kuschel (2015) have studied the 

development of EVs in NZ and barriers to development. However, no study have shown how 

current and potential policies can help to uptake these vehicles within the context of a general 

equilibrium model.   

There are several alternative technologies introduced for passenger cars at a different stage of 

development (2001) that provide the same service. However, the cost structure of each of 

technology is different. 

Policies should encourage technology improvement. Market uptake of electric cars is not 

competitive because there is no guarantee when innovations will appear, and where they are 

most needed, or at a price that reflects all environmental and social externalities associated with 

their deployment (OECD, 2001). IEA (2008) recommended different policy incentives at a 

different level of technological change (R&D, demonstration, deployment, and 

commercialization). Command and control policies are useful only if technology is nearly 

competitive as in the case with standard regulation. In the development stage, financial and 

capital incentives are tools to promote technological development as the capital cost is too high, 

e.g., R&D. Finally, in the deployment stage, market-oriented incentives are necessary, such as 

a price based instrument or tradable green certificates.      

EVs are not competitive with the current state of the New Zealand economy. In this paper, we 

study the potential impact of different policy scenarios on utilizing EV cars using a dynamic 

CGE model. Transportation is highly linked with the other sectors of the economy and any 

policy focusing on transportation sector might have an impact on the rest of the economy. We 

use a recursive CGE model with a specific focus on technological change in the transportation 

sector to study the role of policy in the development of EVs. A Leontief production function 
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developed to capture production possibilities in the passenger road transportation sector by 

considering cost structure of alternative inactive technologies while an optimization sub-model 

used for electricity generation considering technological and capacity constraint for each 

generator in NZ.  

I choose a recursive dynamic CGE in this chapter because I am interested in the impact of 

policy on utilizing a technological change. Usually, the result of policy takes more than one 

period, so we add a time dimension to a static CGE model to see the impact over time. Also, 

we use a sub-model for passenger transport in this chapter with more details to capture 

technological improvement.   

 

Sustainable transportation 
 

The current system of transportation is not sustainable in the long run because fossil fuel 

resources are limited. Fossil fuels currently provide 97% of all transportation energy demands. 

Figure 14 shows the link between different types of energy resources and vehicle types. 

Although Hybrid Electric Vehicles (HEVs) are more energy efficient, conventional and hybrid 

cars reliy on fossil fuels which are not sustainable. Electric Vehicles and fuel cell vehicles 

consume electricity and hydrogen can be generated from renewables. Also, Plug-in Hybrid 

Electric Vehicles (PHEVs) are not entirely sustainable. However, they do have the advantage 

of both conventional vehicles and EVs at the same time as they can change their fossil fuel 

consumption by using grid electricity (Mi & Masrur, 2017). 
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Figure 14 sustainable transportation 

 

  

 

Background of Electric Vehicles 
 

Electric vehicles were invented in 1832 (Department of energy, 2014), 63 years earlier than the 

invention of petrol-powered cars in 1895. By 1900 40% of cars sold in the US were electrical 

(American Oil&Gas Historical Society, 2012). The first HEV was built by Ferdinand Porsche 

in 1898, using an internal combustion engine (ICE) to spin a generator to provide power to 

electric motors located in wheel hubs. Krieger Company in 1903, also built another hybrid car 

using petrol. In the 1920s there were a number of electric car companies in the US offering 

hybrid cars. However, hybrid cars were not competitive with petrol cars and sold poorly (Mi 

& Masrur, 2017).  

In 1930 electric car companies (EVs and HEVs) failed. Five reasons for such a failure was:  

 They were more expensive than petrol cars as a result of large battery packs used 

 They were less powerful than petrol cars due to limited power from battery 

 Limited range between each charge 

 Recharging was a time taking process. 

 Lack of access to electricity to charge battery in urban and rural areas 

Technological improvement in fossil fuel cars also accelerated the disappearance of EVs, e.g. 

the invention of starters made the starting of a petrol engine easier and faster. Also, Petrol cars 

were more affordable in terms of price.  
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Oil crises in 1973 that sparked petrol prices and also US Congress “the Electric and Hybrid 

Vehicle Research, Development and Demonstration Act” in 1976 recommended the use of EVs 

as a policy to reduce dependency on oil and control air pollution. In 1990, the California Air 

Resource Board (CARB) passed zero-emission vehicle mandate which required 2% of vehicles 

sold in California to have zero emission in 1998 and 10% by 2003. In 1993, the US Department 

of Energy set up partnerships to research enhancing the efficiency of electric vehicles. 

However, until 2000 most of the programmes were not successful as thousands of them 

terminated by car companies. This is partially because consumer acceptance was not 

overwhelming and partially due to the CARB relaxed its ZEV mandate. 

The automotive history faced a new history in 1997 when the first modern hybrid car, Toyota 

Prius, was sold in Japan. Afterwards, this car along with Honda Civic and Insight were 

available in US market and started to enter into global markets. These cars had the advantage 

of both EVs and conventional petrol-powered cars (Mi & Masrur, 2017). 

Since then there has been a vast technological improvements for HEVs. And an increase in 

efficiency and the variety of cars has make them at least competitive with petrol engine cars.     

  

Hybrid Electric Vehicles 
 

As we understand from the name of hybrid, the propulsion system in these cars equipped with 

two energy sources, high capacity storage, e.g., petrol or LNG and a lower capacity 

rechargeable energy storage system (RESS) that can provide an energy storage buffer. Also, it 

can use as a recovery tool to use kinetic energy to provide power assist. The RESS can be 

electrochemical; e.g. batteries, mechanical; e.g. flywheel or hydraulic/pneumatic, e.g., 

accumulators. Also, there should be at least two converters (one energy converter to allow for 

bi-directional power follows from RESS). Currently, hybrid electric vehicles are the most 

common electric vehicles on the roads which use electrochemical batteries as the RESS, and 

electric machines (one or more) as a secondary energy converters while an internal combustion 

engine (ICE) works as the primary energy converter. Also, RESS can be used as an energy 

buffer for the primary energy converter when instant power required by vehicle load. This 

flexibility results in the ability to manage the engine more often in conditions where it is 

efficient or less polluting. Other benefits include the smaller size of the engine as a result of 
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the secondary buffer by RESS, shutting down the engine when it’s not needed, e.g., at low 

speed or a stop.  

 

HEV classifications 
 

There are different classifications of vehicles on the market. A possible classification of current 

vehicles can be given according to the internal combustion engine size and electric machine 

size. 

As we can see in figure 15, there is a negative relationship between the size of ICE and electric 

motor (Onori, Serrao, & Rizzoni, 2016).  

 

Figure 15 classification of vehicles 

 

 

Conventional vehicle 
 

ICE is the only source of power in these vehicles and provides total power for the wheels to 

move. 



75 
 

 

Micro Hybrids (start/stop) 
 

Non- electric cars with a start-stop system called micro-hybrids5. These types of vehicles have 

a start-stop system which allows the ICE to shut down and restart the car to reduce the fuel 

consumption and control emissions. This solution helps when a vehicle spends a lot of time 

waiting at traffic lights or in a heavy traffic jam.  This system is also available in hybrid cars 

but also, cars without an electric powertrain. 

 

Mild Hybrids (Start/stop + kinetic energy recovery) 
 

ICE is coupled to an electric machine (including motor/generator in a parallel configuration) 

allowing the engine to turn off whenever the vehicle is braking, coasting or stopping. Mild 

hybrid vehicles6 can also use regenerative braking and some level of ICE power assist. 

However, they do not have an electric-only mode of propulsion. 

 

Full Hybrids     
 

These cars run on engine, battery or, combination of both. A high capacity battery is needed 

for battery only operation. In a fully hybrid vehicle7, energy management strategies are used to 

fully exploit the benefits of hybridization. Coordination between actuators is necessary to 

minimize fuel consumption.  

 

Plug-in Hybrids   
 

They are hybrid vehicles equipped with a rechargeable battery that can be fully charged by grid 

electricity. They have the all characters of a full hybrid vehicle8 by having ICE and electric 

motor and also all-electric vehicles by having a plug to connect to the power grid. 

                                       
5 e.g. Bentley Bentayga, Citroen C2 and C3, Chevrolet Malibu, Kia Rio  
6 e.g. Honda Jazz and Civic, Toyota Crown, Suzuki Baleno  
7 e.g.  Ford Escape, Ford Fusion Hybrid  
8 e.g. Toyota Pirus, Chevrolet Volt 
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Electric Vehicles 

 

They are equipped with only an electric motor which is powered by a battery9. This battery can 

be recharged from electricity network or a hydrogen fuel cell.  

 

New Zealand EV fleet 
 

Transportation is responsible for 40% of greenhouse emissions from the energy sector in New 

Zealand. Figure 16 shows fleet composition in NZ since 2001. More than 3 million light 

passenger vehicles dominate the market in 2016. Table 9 represents except 2009 and 2011; 

there was always a positive growth rate of light vehicles on the market. Also, there has been an 

increase in the number of car owners over the last 5 years (Ministry of Transport, ).     

    

 

Figure 16 fleet Composition in New Zealand (Ministry of Transport, 2017) 

 

 

The number of light electric vehicles in New Zealand presented in table 8. At the beginning of 

2013, there were only 227 electric vehicles which has increased to 4909 cars in September 

2017. However, compared to 3 million cars in the country the share of EV in the market is 

                                       
9 e.g. Tesla cars 
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limited. Currently, the NZ government and Ministry of transport is investigating different 

policies to encourage people using EVs.     

 

Table 7 light fleet growth (Ministry of Transport, 2017) 

Year Growth 

rate 

Light 

Vehicles 

per 

1000 

popn 

2001 2.7% 660.6 

2002 3.3% 670.5 

2003 4.2% 685.1 

2004 3.9% 701.3 

2005 3.5% 717.6 

2006 2.1% 723.9 

2007 1.9% 731.1 

2008 0.6% 729.6 

2009 -0.3% 720.3 

2010 0.7% 717.5 

2011 -0.2% 711.0 

2012 1.5% 718.0 

2013 2.5% 720.6 

2014 3.6% 744.7 

2015 3.8% 758.3 

2016 4.2% 773.7 
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Table 8 light EV fleet size (Ministry of Transport, 2017) 

 

Type of Electric/Hybrid 

Year 

2013 2014 015 2016 Sep. 2017 

Heavy EV 74 74 73 74 75 

New light plug-in hybrid 11 224 451 779 1,101 

New light pure electric 100 139 206 584 1,005 

Used light plug-in hybrid 1 3 16 117 306 

Used light pure electric 41 111 305 993 2,422 

Total 227 551 1,051 2,547 4,909 

 

Electric vehicle programs in New Zealand 

 

Government’s target is 64,000 EVs on the road by the end of 2021. The ministry of Transport 

has started to remove some barriers and investigate incentives to increase the uptake of electric 

cars. Current inititives includes following initiatives: 

 Extending the Road User Charges (RUC) exemption on light electric vehicles until they 

make up two percent of the light vehicles fleet. 

This program has extended until the end of 2021. $600 is the approximate cost savings for 

each vehicle yearly. 

 RUC exemption for heavy electric vehicles until they make up 2 percent of the heavy 

vehicle fleet. 

This will result in significant savings for heavy vehicles. This exemption has started on first 

of September 2017. 

 Work across government and the private sector to investigate the bulk purchase of electric 

vehicles. 

NZ Government Procurement (NZGP) added 15 new electric models to all of the 

government vehicles contract to support the use of electric vehicles in December 2016. 

 Government agencies coordinating activities to support the development and roll-out of 

public charging infrastructure including providing information and guidance 
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The New Zealand Transport Agency (NZTA) has worked closely with government 

agencies (local and central), technology providers, power companies and the motor industry 

to produce guidance on public charging infrastructure for electric vehicles. 

 $1 million annually for a nationwide electric vehicle information and promotion campaign 

over five years 

 A contestable fund of up to $6 million per year to encourage and support innovative low 

emission vehicle projects. 

NZ government established a contestable fund to encourage innovation, investment and 

help accelerate the uptake of electric and other low emission vehicles in New Zealand. 

 Enabling road controlling authorities to allow electric vehicles into special vehicle lanes on 

the State Highway network and local roads. 

The Government agreed to an initiative to enable road controlling authorities to make rules 

to allow electric vehicles access to special vehicle lanes including transit, high occupancy 

vehicle, priority bypass, and bus lanes. 

 Review of tax depreciation rates and the method for calculating fringe benefits tax, for 

electric vehicles to ensure electric vehicles are not being unfairly disadvantaged. 

Inland Revenue has been asked to review the tax depreciation rate, and the method used to 

calculate fringe benefits tax, for electric vehicles to ensure it is fair. 

 

 Review ACC levies for plug-in hybrid electric vehicles. 

ACC10 levy rates for 2017/18 and 2018/19 will see owners of all-electric vehicles including 

owners of plug-in hybrid electric vehicles pay reduced ACC levies as part of their annual 

vehicle licensing. This reflects a saving of around $68 per annum for electric vehicle 

owners. Started on 1 July 2017. 

 

                                       
10 The Accident Compensation Corporation (ACC) is a New Zealand Crown entity responsible for 
administering the country's universal no-fault accidental injury scheme. The scheme provides financial 
compensation and support to citizens, residents, and temporary visitors who have suffered personal 
injuries. 
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 Establishing an electric vehicles leadership group across business, local and central 

government. 

The Leadership Group will champion the Programme and proactively promote the 

initiatives within it. It will share information between central and local government and 

industry, and provide feedback to test ideas and decisions before they are put into practice. 

 

 

 

 

Moving from a static to a dynamic CGE 
 

For dynamic models, the point of interest is far in the future when all short-run behavior has 

died out. The purpose of using a dynamic model is to represent how the variables of interest 

change over time. A change in endogenous variables by the consumer, producer and other 

agent’s behavior in the economy or shock in exogenous variables or a parameter can shift the 

equilibrium relationships during the time (Ginsburgh & Keyzer, 2002). 

This shift in equilibria can happen in a finite or an infinite time horizon. Some of the dynamic 

CGE models are designed for a finite time horizon. (e.g., T-period, temporary equilibrium, and 

single-period equilibrium models). The other category of dynamic models assumes an infinite 

period. (e.g., Negishi weights, OLG models).  

(Dixon & Parmenter, 1996) classified dynamic CGE models in four categories: 

The first group assumes that investment is exogenous in the equilibrium closure. The second 

category considers investment and capital accumulation in year t depend on expected rates of 

return in year t+1. These dynamics models assume that investment and capital are determined 

by actual returns and cost of capital in year t.  

The third class of dynamic models assumes that expected rates of return for year t+1 are equal 

to actual rates of return for year t+1. Therefore, expectations are rational, and model is 

consistent. The last category of dynamic models assumes that the behavior of investors is 

explicitly optimizing. Therefore, we continue to assume consistent model expectations.  
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There are two ways to move from a static to a dynamic model. The first method involves 

sequencing static equilibria for different and upcoming time periods. These models usually 

named recursive dynamic. A series of static CGE models are linked across periods by an 

exogenous and endogenous variable updating procedure.  

The second approach is to write a CGE model in an entirely dynamic format and solve the 

model for the entire period simultaneously. This method called non-recursive. The first two 

categories of mentioned models are recursive dynamic while the last two categories are no 

longer recursive.  

Equations in intertemporal models show how the economy develops. These kind of model is 

best suited to focus of finding the trajectory of the economy. Although, the intertemporal model 

is harder to develop and build than static models, there are reasons to put effort to create such 

models. First, policymakers are usually interested in how fast the economy moves toward the 

long run and how is the trajectory taken. Whether or not it is smooth. It is useful to run an 

intertemporal model when the short and long-term effects of TC or policy are different.   

The second reason is to incorporate intertemporal behavior by agents. If some agents decide to 

optimize their objective function by choosing between current and future resources, we need 

some form of intertemporal modeling. For example, a firm may choose to allocate resources 

across current and future production. Therefore, we have to use an intertemporal optimization 

function to find the optimal solution.  

Finally, it is vital to integrate investment behaviour into CGE models. In such models, each 

firm chooses its level of investment to maximize the stock market value of equity. Market value 

in return depends on expected earnings in the future. A change in expectation changes the 

market value and therefore investment.   

 

 

Data and Model 
 

To capture the impact of policy constraints over time, we use a dynamic CGE model. In a 

recursive dynamic model, a static single period sub-model solved as a sequence of temporary 

equilibria. Consumers allocate their income between present and future consumption at each 

period through savings. The fraction of income allocated to savings is assumed to be exogenous 
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and constant during the time. Therefore, investment is not derived from optimizing the behavior 

of firms; however, accommodates economy-wide savings. A set of connected equilibria shows 

the time path for the economy where the current period’s savings augment capital in the next 

period. The investment composite is assumed to be homogeneous across all sectors and 

allocation of investment to the sectors is characterized by a constant elasticity of transformation 

(CET) function. Investment demand is a function of the ratio between sector or technology 

specific rents over the average market rent therefore avoiding extreme investment reactions. 

This formulation permits de-investment in technologies as soon as new vintage capital is less 

than depreciation ( Böhringer & Löschel, 2006). 

The model comprises two energy sectors, two non-energy sectors, and passenger transport. In 

terms of passenger transport, we use one dirty technology and two clean technologies. Internal 

combustion engine (ICE) as a fossil fuel technology (dirty), plug-in hybrid electric (PHEV) 

technology, electric vehicle (EV) as green technologies.  

In this paper, we develop a dynamic small open economy CGE model for New Zealand. 

Electricity, fossil fuel, agriculture and dairy, industrial sector and transportation are our 

economic sectors. We use a CES function for economic production. For electricity generation, 

we use a linear optimization problem (LP) to minimize the cost of electricity generation subject 

to technological and capacity constraints for each generator. Also, a Leontief production 

function utilized for transportation sector by using potential electrical car engines as inactive 

technologies. Structure of the static part of this model is similar to the previous chapter.   

Similar to the previous chapter, we use technological details of electricity generators from NZ 

generation data (2012). The model is calibrated to the latest available input-output table of New 

Zealand to generate benchmark equilibrium in 2007. After 2007 it is solved recursively at 1-

year intervals.  

New Zealand is not a car producer, and has no impact on EV production technology. Therefore, 

the cost structure of inactive technologies and annual learning rate for each technology 𝛾  is 

obtained from literature (Kulmer, 2013).  
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Table 9 cost structure of inactive technologies 

Technology EV PHEV 

Vehicle 1.716 1.316 

Operating costs 0.036 0.043 

Insurance 0.01 0.012 

Transport Supplies 0.005 0.006 

Repair and maintenance 0.012 0.014 

Other services 0.01 0.012 

Price of Transport 1 1 

 

The unit output of each inactive technology is characterized by a cost disadvantage compared 

to the price of the passenger transport in the base year. We assume a cost disadvantage 79% 

for EV and 40% for PHEV. Therefore, PHEV is more cost competitive compared to EV; while 

EVs need more advanced batteries to reduce the operating costs. We have two technologies at 

different levels of advancement.    

 

Table 10 learning rate for technology 

Technology EV PHEV 

Annual learning rate for technology  1.9% 1.1% 

 

Annual learning rate shows the rate of cost improvement for each technology during the time 

with the current and potential costs for the future. EV is in the deployment stage and predicted 

to be more competitive with a decline in the cost of the batteries. PHEV is an advanced 

technology and has lower learning rate, so it is nearly competitive with current ICE technology.  

“Similar to the previous chapter, elasticities used in this model is also obtained from the 

literature (De Veirman & Dunstan, 2011; NZIER, 2004; Rutherford, 2003; Strutt & Rae, 2011) 

and GTAP database.” 
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Partial equilibrium of electricity supply 
 

To show the electricity supply, we use a simple linear optimization problem (LP) that seeks the 

least-cost supply mix to meet electricity demand. Electricity supply technologies i are 

characterized by fixed input-output coefficients and subject to specific capacity constraints.  

Electricity supply planning problem can be written as: 

𝑐 𝑥  

s.t. 

𝑥 ≥ 𝑑 

𝑎 𝑥 ≤ 𝑏  

Where 

𝑥  is the activity level of technology 𝑖, 

𝑐  is the unit cost coefficient of technology 𝑖, 

𝑎  is the capacity requirement of technology 𝑖, 

𝑏  is the capacity constraint for technology 𝑖, 

And 

𝑑 is exogenous electricity demand. 

The shadow price associated with supply-demand constraint (∑ 𝑥 ≥ 𝑑) for electricity is 𝑝  

whereas the shadow price associated to the capacity constraints (𝑎 𝑥 ≤ 𝑏 ) for each technology 

referred to  𝑟 . 

 

Structure of CGE model 
 

In this section we describe the specification and dimension of a CGE model used for this study. 

Also, we show the algebraic description of CGE model and show dynamics later. 
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Our model is a recursive-dynamic, multi-sectoral, applied CGE model for a small open 

economy formulated in the mixed complementarity format as a non-linear system of 

inequalities. 

 

  

Table 11 production sectors in recursive dynamic CGE 

Production sectors 

Agriculture and farming AF 

Industrial sector IND 

Electricity ELE 

Fossil fuel fOL 

Transportation TRA 

 

Table 12 primary factors of production in recursive CGE Model 

Primary factors 

Capital K 

Labour L 

 

Table 13 final demand in recursive CGE model 

Final demand 

Household H 

Government G 

 

Table 14 private transportation technologies 

Transportation technologies 

Internal Combustion Engine ICE 

Plug in Hybrid Vehicles PHEV 

Electric Vehicles  EV 
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Factor Markets 
 

Capital and labour are primary factors of production. Initial factors endowments are exogenous. 

Factor markets are perfectly competitive and prices adjust, such that supply equals demand. 

Labour and capital are assumed to be perfectly mobile across sectors. They combine at a lower 

nest, so that we have a capital-labour composite for production. 

 

 
Fossil fuel  
 

Fossil fuel is a mix of oil and gas in a lower nest with a CES function, then oil-gas composite 

will combine with coal by a CES function to produce fossil fuel.  

The unit profit function for fossil fuel composite output can be written as: 

= 𝑃 ,

− 𝜃 (𝑃 , ) + (1

− 𝜃 ) 𝜃 (𝑃 , ) + (1 − 𝜃 ) 𝑃 , = 0 

 

 

Where, 

 𝜃  is the cost share of coal in fossil fuel, 

 𝜌𝑐𝑜𝑙 is the elasticity of substitution between coal and oil-gas in fossil fuel production. 

 𝜃  is the cost share of oil in fossil fuel, 

 𝜌𝑜𝑖𝑙 is the elasticity of substitution between coal and oil and gas in fossil fuel 

production, 

 FOL is the associated complementary variable. 
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Production 
 

In production part of the model we have energy and non-energy output. Energy output is a mix 

of fossil fuel and electricity that mixed with a CES function. Therefore, we have energy 

composite as one product in our model. Then, we mix energy composite with capital labour 

composite with a CES function in a lower nest, then combine this composite with material 

composite will produce non-energy output. Non-energy output can be sold in domestic market 

or exported.  

 

 

Energy output 
 

The unit profit function for energy aggregate can be written as: 

= 𝑃 , − 𝜃 𝑃 , + (1 − 𝜃 ) 𝑃 , (1 + 𝑡 = 0
,

 

Where, 

 𝜃  is the cost share of electricity in energy demand by sector 𝑖, 

 𝜌𝐸𝐿𝐸 is the elasticity of substitution between electricity and non-electricity energy 

goods in production, 

 𝑡  Exogenous tax on fossil fuel, 

 𝐸 is the associated complementary variable. 

  

Non-energy output 
 

Unit profit function of non-energy output can be written as: 
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= 𝑃 , − 𝜃 𝑝 , + (1 − 𝜃 )𝑝 , − 𝜃 𝑝 ,

∉
,

− (𝜃 ) 𝜃 𝑝 , + 1 − 𝜃 , 𝑤 , 𝑟 , = 0 

Where: 

 𝜃  is the value share of ROW exports in sector 𝑖, 

 𝜃 is the cost share of non-energy intermediate input 𝑗,in sector 𝑖, 

 𝜃  is the cost share of 𝐾𝐿𝐸 aggregate in sector 𝑖, 

 𝜃  is the cost share of energy in the 𝐾𝐿𝐸 aggregate of sector 𝑖, 

 𝜃  is the labour cost share in sector 𝑖, 

 𝜂 is the elasticity of transformation between production for the domestic market and 

production for the export market, 

 𝜌𝐾𝐿𝐸 is the elasticity of substitution between the energy aggregate and the value added 

in non-energy production, 

 𝑌  is the associated complementary variable. 

 

 

 

Armington aggregate good 
 

Imported and domestically goods combined by a CES function to provide input for economic 

sectors.  

Unit profit function for Armington aggregate good is: 

= 𝑃 , − 𝜃 𝑃 , + 1 − 𝜃 𝑃 , = 0
,

 

 

Where: 

 𝜃  is the cost share of domestic variety 𝑖 in Armington aggregate good, 
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 𝜌𝐴 is the Armington substitution elasticity between domestic and imported varieties of 

the same good, 

 𝐴 is the associated complementary variable. 
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Figure 17 nesting structure of production in recursive dynamic CGE model 
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Household behavior 
 

A representative household maximise its utility by consuming energy and non-energy 

composite. A mixed of fossil fuel with electricity combined with a CES function and then 

energy composite mixed with materials to provide utility for the consumer.  

The unit profit function for household utility is: 

 

= 𝑃 , − 𝜃 (𝑃 , )

∉

+ (1

− 𝜃 ) 𝜃 (𝑃 , (1 + 𝑡 ) + (1

− 𝜃 , ) 𝑃 , (1 + 𝑡 ) = 0 

Where: 

 𝜃 is the cost of non-energy-transport composite in aggregate household consumption, 

 𝜃  is the cost of electricity in household energy aggregate demand, 

 𝛾  is the cost share of non-energy-transport good i in non-energy household demand, 

 𝜌𝐶 is the elasticity of substitution between energy and non-energy-transport goods in 

household consumption, 

 𝜌  is the elasticity of substitution between electricity and non-electricity energy in 

household consumption, 

 𝐶 is the associated complementary variable. 
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Figure 18 utility nested function of representative household in recursive dynamic CGE 

 

  

 

Production of passenger transport 
 

Technological knowledge for each technology in time t is a function of the cost improvement 

of that technology in the previous period. 

𝐴 , = (1 − 𝛾 )𝐴 ,  

 

The unit profit production of passenger transport services describes as   

 

= 𝑝 − 𝜃

,

. 𝐴 , . 𝑝 , (1 + 𝑡 , )
,

 

 

Where: 

𝜃  is the cost share of  technology 𝑡𝑒𝑐 in aggregate passenger transport, 

𝐴 ,  is the technological knowledge over time, 
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𝛾  is the annual learning rate for technology 𝑡𝑒𝑐, 

𝑡 ,  is exogenous commodity tax on item 𝑖 in production 𝑃𝑇 , 

𝑃𝑇  is the associated complementary variable. 

 

Figure 19 production of passenger transport (Leontief) 

 

 

 

Dynamics 
 

In order to capture the impact of policy scenarios on technological improvements, we use a 

recursive dynamic CGE model. Assuming dynamic variables depend on the current and past 

state of the economy. This model solves the general equilibrium stepwise by connecting 

equations over time. Capital accumulation and labor growth are the main connectors over time. 

Investment sector is specified by an aggregate investment good equal to the level of savings by 

agent’s utility function. Capital stock is the summation of the stock of capital after depreciation 

and investment. Evolution capital stock is a dynamic equation in our model: 

𝐾 = 𝐾 . (1 − 𝜃) + 𝐼  

Where: 

𝐾  Capital stock in period 𝑡 + 1, 

𝐾  Capital stock in period 𝑡, 

𝐼  Investment level in period 𝑡, 
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𝜃 Depreciation rate. 

 

Productivity in labor growth is assumed over time. Labour is provided by households, and it is 

assumed to a growth at an exogenous rate. This augmenting factor is combined with population 

growth and pure productivity growth.  

𝐿 = 𝐿 . (1 + 𝑔𝑟) 

Where: 

𝐿  Labour supply in period 𝑡 + 1, 

𝐿  Labour supply in period 𝑡, 

𝑔𝑟 Labour population and productivity growth. 

 

In terms of macro-closures we assume a neoclassical closure for the investment-saving that 

considers investment adjusts endogenously to accommodate any change in savings. For 

simplicity of the model we also assume the labour market closure as flexible wages and full 

employment. Also, we consider a small open economy to be price-taker with respect to world 

market prices. World prices are assumed to be exogenous, and therefore trade with rest of the 

world is included by perfectly elastic rest of the world import-supply and export-demand 

functions. 

   

Reference scenario 
 

The reference scenario describes the current situation of the economy with the current trend 

from 2007 to 2040. Results show the activity level of each technology until 2027. Activity level 

shows the output of each technology compared to the initial equilibrium output. We see only 

ICE vehicles are active in the equilibrium and PHEV will be active after 2024. This is because 

PHEVs have higher technological cost compared to ICEs for one unit private transport output. 

So, after 2024 production by PHEV rises as a result of technological improvement by annual 

learning rate of technology and a decline in production by ICEs is observed. EV enters the 

market after 2032 because they have high technological cost for supply private transport 
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services. However, during the time cost of EVs decline as a result of technological 

improvement such as lower price for battery or efficient motors and they will be the market 

leader because in long-run they use only electric driving system that is lower than the cost of a 

hybrid engine.  

Figure 20 activity level of passenger transportation technologies in the baseline scenario 

 

 

Figure 21 shows the activity level of economic sectors in the baseline scenario. By increasing 

the number of PHEV and EVs, fossil fuel production will start to decrease in 2026. More EVs 

for the coming years keep this downward trend. This is because of the high share of fossil fuel 

in production of passenger transport in New Zealand. A decrease in petrol demand by ICEs, 

will decrease production of fossil fuel.   

However, electricity demand increases after 2025 resulting in a growth of electricity output. 

More electricity demand by PHEVs and also EVs put pressure on supply to generate electricity. 

So, output in this sector faces a huge increase.  

In the baseline scenario, agriculture and farming have increasing and smooth trend. Share of 

passenger transport in this sector is limited, so change in the passenger transport technology 

have no impact on direction of output. So, production in this sector increases during the time 

as a result of more capital and labour. 
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Industrial production also keeps its own growing and smooth trend as a result of more capital 

and labour and not affected by change in the technology of passenger transport services 

production.     

Finally, transportation keeps a smooth and positive growth as a result of substituting 

technologies for passenger transport services. So, transportation activity level will increase 

smoothly. Because inactive technologies provide the same service after activation in the 

equilibrium.  

 

Figure 21 activity level of economic sectors 

 

 

Policy simulation 
 

Policymakers usually claim that the objective of environmental regulation is to protect 

environmental quality. However, making decisions about the environment by policymakers is 

more complicated because of the trade-off between multiple objectives. In the economic view 

of public policy, the objectives for policy is efficiency (maximum net benefit) or cost-

effectiveness (cheapest method for achieving a target). However, cost-effectiveness or 

efficiency are not only factors for judging environmental policies. Overall effectiveness, clear 

information, political feasibility, ease of implementation, the capability of monitoring and 
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enforcement, and clarity to the public are other considerations when policymakers set a policy 

for environmental issues (Hahn, R., & Stavins, R. , 1992). 

Policy instruments usually categorized by economists to:  

 Command-and-control: those that provide less flexibility and the more regulated 

market for firms or economic agents. 

 Market-based or incentive-based mechanisms: those that provide firms (sectors) some 

degree of flexibility and incentives to look for efficient ways of making sustainable 

environmental progress. 

Command and control is the conventional regulation of environmental policy and has failed 

several times to achieve in the least costly manner. For example, emission rights market for 

curbing acid rain in the US could save $1 billion per year in comparison with a command and 

control approach (scrubbers required on selected power plants). However, given technological 

and political constraints incentive-based policies sometimes are not suitable for some 

environmental problems. For example, considering highly localized pollution with threshold 

damage functions, a source-specific standard (command-and-control) may be more effective 

compared to a market-based incentive policy.  

In this part, we analyze policy scenarios that focus on the utilizing different alternative 

technologies for private transportation services in New Zealand. Command and control and 

economic incentives are two standard ways to control energy use and reduce emissions by 

policy makers.  

We consider a fuel tax as an economic incentive policy and phase out of ICEs as the command 

and control policy. A fuel tax will make the price of passenger transport by ICEs relatively 

more expensive and works as a market incentive. But, phase out of ICEs will force people to 

stop using petrol engines and derive consumers to use new technologies. Phase out of ICEs can 

be in the form of limitation to import of petrol cars, stop renewal of registration of ICEs or set 

up new standards for petrol engines during time.  

 

Fuel tax  
 

In comparison with command and control, economic incentives are more efficient in terms of 

cost-effectiveness. In this scenario, we set 15% ad valorem tax on fossil fuels in the production 
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of passenger transport services in the beginning of 2010. There is an increase with a factor of 

1.05 annually. As expected, this policy will mainly focus on ICEs and partially on PHEVs as 

they are using fossil fuels. Also, it has a more significant impact on ICEs as they use only fossil 

fuel while PHEVs has a lower share of fossil fuel as input and can use electricity as the second 

source of fuel.    

The result shows that the growth in activity level for ICEs is smaller than the reference scenario 

as a result of higher price for passenger transport services.  Also, this policy active more PHEVs 

in the production of passenger transport from 2011 as they are getting economically profitable 

because of high price of petrol. Even EVs active in the market from 2007 and become market 

leader in 2033 because high petrol cost make EVs competitive in the market. 

ICEs will be inactive in the equilibrium after 2030 because of higher cost compared to PHEVs 

and EVs. Also, PHEVs will be inactive in 2031 as they cannot compete with low cost EVs. 

  

Figure 22 activity level of passenger transport technologies under fuel tax scenario 

 

 

Figure 23 shows how economic sectors growing in a fuel tax scenario. A higher growth rate is 

observed for electricity sector as a result of more demand for electricity from PHEVs and EVs 

while fossil fuel production has a lower growth compared to the baseline scenario. This is 

because of a lower demand for petrol from private transport. Furthermore, transportation (not 

only private transport) also had a lower growth rate until 2023 when it returns the standard 

growth rate. Industrial production is also has a lower rate in activity level growth. Industrial 
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sector has a high share of energy as input and change in the petrol demand because of tax has 

indirect impact of fossil fuel supply for this sector. Finally, there is no change in the Agriculture 

output compared to the reference scenario because agriculture and farming sector is relatively 

independent from petrol and mainly demand diesel.     

 

Figure 23 activity level of economic sectors under a fuel tax policy 

 

 

ICE phase out 
 

Although economic incentives are better tools in terms of cost-effectiveness, it takes longer for 

the policy to achieve to the target. Command and control is more effective to meet the target 

on time. We use a phase out of ICEs scenario to decrease the number of petrol engine cars in a 

specific period of time. This can be in the form of import barriers or some high environmental 

standards for ICEs. In the phase-out scenario, we implement a limit as upper bound for the 

activity level by ICEs. Constraining the number of ICEs in the equilibrium. This limit starts 

with the activity level of 0.95 and falls over time by the annual rate of 0.07. The set up the 

limitation in 2010. 

Figure 24 shows activity level of ICEs decreasing from 2010 because of the limit. However, as 

there is pressure from demand for private transport, and limitation is only exist for ICEs, then 

PHEV vehicles active in the equilibrium in 2010. This is earlier than the reference scenario and 
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fuel tax policy. PHEVs lead the market between 2019 and 2029. They have lower cost 

compared to EVs. EVs will be get active in 2030 and they will be the market leader as a result 

of technological improvement and low cost of passenger transport service production.   

 

 

Figure 24 activity level of passenger transport technologies under phase-out scenario 

 

 

Figure 25 shows the situation of economic sectors in the phase-out scenario. Electricity output 

increased compared to baseline scenario as a result of higher demand for electricity by private 

transport sector (PHEVs and EVs). This growth in electricity activitiy level is similar to fossil 

fuel tax scenario. Fossil fuel activity level has decreased as a result of lower demand for petrol  

by private transport sector in ICE phase out scenario. Industrial output and agriculture 

production are on the same trend as the baseline scenario but with a lower activity level. These 

sectors are not dependent on ICEs for their production. Also, change in the relative price for 

other inputs are not large enough to change the activity level output compared to baseline 

scenario. Fossil fuel trends decreasd through 2027 because of low petro demand by ICEs, and 

increased with phasing out of ICEs. However, demand for electricity will increase fossil fuel 

output as a result of more electricity generation by fossil fuels. By removing PHEVs from the 

market, fossil fuel production will decrease again as a result of another decrease in petrol 

demand.      
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Figure 25 activity level of economic sectors under ICEs phase-out scenario 

 

 

 

Passenger transport price level  
 

Figure 26 shows in the baseline scenario, there is an ongoing increase in the price level in the 

equilibrium until 2032 as of increasing demand for passenger transport. However, 

technological improvement results in a decrease in cost of vehicles and the price of passenger 

transport will fall. 

In the fossil fuel tax scenario, there is a higher rate of price increase as a result of more pressure 

from demand to the private transport sector. However, after 2025 this trend starts to decrease. 

This is because of cost improvement by PHEVs and mainly by EVs.  

In the phase-out scenario, a jump in the price level happened in 2010, as a result of high demand 

for passenger transport and lack of supply of PHEVs and EVs in the market. This trend decrease 

during the time by using more PHEVs and EVs into the transportation system as a result of TC.   
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Figure 26 price level comparison of passenger transport 

 

 

Table 15 compares the activity level for different technologies to produce private transportation 

services in the baseline, fuel tax and phase out scenario.  

We can see an immediate decline in the activity level of ICEs in the phase out scenario while 

this decrease happens in the fuel tax scenario around 14 years later. However, PHEVs activate 

earlier in the fuel tax scenario as a result of pressure on fuel price compared to phase out 

scenario. Also, EVs will be active much earlier in the fuel tax scenario. These results shows 

phase-out scenario suits the economy if the policy target has restriction about time. 

 

Table 15 activity level of transportation technologies at equilibrium 

Year ICE PHEV EV 
 

baseline fuel tax phase out baseline fuel tax phase out baseline fuel tax phase out 

2007 1.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 

2008 1.020 1.021 1.021 0.000 0.000 0.000 0.000 0.000 0.000 

2009 1.040 1.040 1.040 0.000 0.000 0.000 0.000 0.000 0.000 

2010 1.061 1.061 0.955 0.000 0.000 0.106 0.000 0.000 0.000 

2011 1.082 1.072 0.906 0.000 0.000 0.176 0.000 0.000 0.000 

2012 1.104 1.083 0.859 0.000 0.050 0.245 0.000 0.000 0.000 

2013 1.126 1.104 0.815 0.000 0.080 0.311 0.000 0.000 0.000 

2014 1.149 1.115 0.773 0.000 0.120 0.375 0.000 0.000 0.000 

2015 1.172 1.138 0.734 0.000 0.134 0.438 0.000 0.000 0.000 

2016 1.195 1.143 0.696 0.000 0.159 0.499 0.000 0.000 0.000 

2017 1.219 1.146 0.660 0.000 0.250 0.559 0.000 0.050 0.000 
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2018 1.243 1.168 0.626 0.000 0.270 0.617 0.000 0.075 0.000 

2019 1.268 1.171 0.594 0.000 0.285 0.674 0.000 0.098 0.000 

2020 1.294 1.194 0.563 0.000 0.312 0.730 0.000 0.120 0.000 

2021 1.319 1.197 0.535 0.000 0.365 0.785 0.000 0.133 0.000 

2022 1.346 1.199 0.507 0.000 0.387 0.839 0.000 0.146 0.000 

2023 1.373 1.201 0.481 0.000 0.416 0.892 0.000 0.167 0.000 

2024 1.400 0.961 0.456 0.082 0.608 1.024 0.000 0.188 0.000 

2025 1.428 0.769 0.433 0.144 0.757 1.135 0.000 0.254 0.000 

2026 1.457 0.384 0.411 0.218 0.974 1.256 0.000 0.438 0.000 

2027 1.486 0.108 0.389 0.290 1.200 1.386 0.000 0.498 0.000 

2028 0.297 0.022 0.072 1.000 1.136 1.706 0.000 0.783 0.000 

2029 0.260 0.004 0.059 1.651 1.060 1.851 0.000 0.896 0.000 

2030 0.228 0.004 0.048 1.683 0.918 1.239 0.000 1.034 0.621 

2031 0.199 0.003 0.039 1.717 0.000 0.624 0.000 1.955 1.246 

2032 0.174 0.003 0.032 0.000 0.000 0.205 1.753 1.988 1.685 

2033 0.140 0.000 0.024 0.000 0.000 0.151 1.785 2.020 1.785 

2034 0.123 0.000 0.019 0.000 0.000 0.139 1.821 2.060 1.821 

2035 0.090 0.000 0.013 0.000 0.000 0.113 1.857 2.101 1.857 

2036 0.000 0.000 0.000 0.000 0.000 0.037 1.894 2.143 1.894 

2037 0.000 0.000 0.000 0.000 0.000 0.038 1.932 2.186 1.932 

2038 0.000 0.000 0.000 0.000 0.000 0.039 1.971 2.230 1.971 

2039 0.000 0.000 0.000 0.000 0.000 0.039 2.010 2.274 2.010 

2040 0.000 0.000 0.000 0.000 0.000 0.040 2.050 2.320 2.050 

 

Table 16 and table 17 compares activity level for economic sectors in the baseline, fuel tax and 
phase out scenarios.  

Electricity output increase starts earlier in the fuel tax compared to phase-out scenario. This 

shows economy should expect more pressure on the electricity sector in the fuel tax scenario. 

Fossil fuel output is decreasing in the beginning of phase out scenario and then starts to increase 

as a result of pressure on electricity generation for EVs. 

 

Table 16 activity level in electricity and fossil fuel activity at equilibrium 

Year electricity fossil fuel 
 

baseline fuel tax phase out baseline fuel tax phase out 

2007 1.000 1.000 1.000 1.000 1.000 1.000 

2008 1.021 1.021 1.021 1.021 1.021 1.021 

2009 1.040 1.040 1.040 1.040 1.040 1.040 

2010 1.061 1.061 1.061 1.061 1.061 1.061 

2011 1.082 1.118 1.082 1.082 1.059 1.082 

2012 1.104 1.133 1.107 1.104 1.058 1.101 

2013 1.126 1.190 1.146 1.126 1.057 1.100 
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2014 1.149 1.261 1.186 1.149 1.057 1.090 

2015 1.172 1.385 1.199 1.172 1.057 1.089 

2016 1.195 1.399 1.227 1.195 1.057 1.088 

2017 1.219 1.499 1.296 1.219 1.056 1.086 

2018 1.243 1.563 1.317 1.243 1.057 1.086 

2019 1.268 1.568 1.330 1.268 1.057 1.085 

2020 1.294 1.571 1.365 1.294 1.059 1.076 

2021 1.319 1.586 1.386 1.319 1.070 1.072 

2022 1.346 1.590 1.427 1.346 1.070 1.068 

2023 1.373 1.596 1.457 1.373 1.071 1.042 

2024 1.420 1.600 1.480 1.380 1.075 1.047 

2025 1.458 1.623 1.499 1.391 1.069 1.046 

2026 1.557 1.746 1.517 1.347 1.092 1.045 

2027 1.650 1.832 1.650 1.334 1.069 1.044 

2028 1.752 1.965 1.752 1.315 1.099 1.237 

2029 1.813 1.995 1.813 1.285 1.096 1.277 

2030 1.881 1.999 1.881 1.283 1.100 1.287 

2031 1.932 2.065 1.932 1.275 1.100 1.269 

2032 1.990 2.165 1.990 1.266 1.126 1.265 

2033 2.202 2.142 2.202 1.254 1.170 1.259 

2034 2.299 2.356 2.299 1.257 1.183 1.257 

2035 2.467 2.484 2.467 1.243 1.185 1.247 

2036 2.613 2.520 2.613 1.237 1.194 1.237 

2037 2.749 2.632 2.749 1.219 1.206 1.237 

2038 2.755 2.695 2.755 1.185 1.236 1.196 

2039 2.809 2.764 2.809 1.130 1.201 1.137 

2040 2.859 2.931 2.859 1.070 1.205 1.070 

 

Trends in other sectors are almost similar. However, we can see a decrease in the output of 

transportation in both fossil fuel tax and phase-out scenario compared to baseline as a result of 

increase in the cost of transportation.    

 

Table 17 activity level in industrial, agriculture and transportation at equilibrium 

Year industrial agriculture transportation 
 

baseline fuel tax phase out baseline fuel tax phase out baseline fuel tax phase out 

2007 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

2008 1.021 1.021 1.021 1.021 1.021 1.021 1.021 1.021 1.021 

2009 1.040 1.040 1.040 1.040 1.040 1.040 1.040 1.040 1.040 

2010 1.061 1.061 1.061 1.061 1.061 1.061 1.061 1.061 1.061 

2011 1.082 1.082 1.082 1.082 1.082 1.080 1.082 1.082 1.082 

2012 1.104 1.081 1.104 1.104 1.103 1.105 1.104 1.045 1.079 
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2013 1.126 1.099 1.126 1.126 1.114 1.120 1.126 1.040 1.101 

2014 1.149 1.098 1.149 1.149 1.136 1.136 1.149 1.040 1.123 

2015 1.172 1.097 1.172 1.172 1.157 1.703 1.172 1.041 1.146 

2016 1.195 1.095 1.195 1.195 1.172 1.964 1.195 1.069 1.170 

2017 1.219 1.136 1.219 1.219 1.195 1.220 1.219 1.072 1.194 

2018 1.243 1.114 1.243 1.243 1.216 1.249 1.243 1.085 1.218 

2019 1.268 1.114 1.268 1.268 1.247 1.273 1.268 1.090 1.243 

2020 1.294 1.117 1.294 1.294 1.276 1.290 1.294 1.099 1.268 

2021 1.319 1.157 1.319 1.319 1.296 1.365 1.319 1.169 1.294 

2022 1.346 1.263 1.346 1.346 1.276 1.367 1.346 1.193 1.320 

2023 1.373 1.270 1.373 1.373 1.353 1.370 1.373 1.366 1.347 

2024 1.400 1.270 1.400 1.400 1.390 1.399 1.400 1.366 1.375 

2025 1.428 1.276 1.428 1.428 1.406 1.421 1.428 1.370 1.403 

2026 1.457 1.290 1.457 1.457 1.447 1.446 1.457 1.396 1.431 

2027 1.486 1.296 1.486 1.486 1.457 1.475 1.486 1.420 1.461 

2028 1.547 1.370 1.547 1.547 1.517 1.516 1.547 1.456 1.495 

2029 1.650 1.362 1.650 1.650 1.605 1.632 1.650 1.486 1.532 

2030 1.683 1.370 1.683 1.683 1.659 1.675 1.683 1.532 1.642 

2031 1.717 1.460 1.717 1.717 1.695 1.731 1.717 1.589 1.690 

2032 1.743 1.460 1.743 1.743 1.717 1.775 1.743 1.698 1.715 

2033 1.785 1.476 1.785 1.785 1.736 1.797 1.785 1.756 1.760 

2034 1.821 1.480 1.821 1.821 1.784 1.911 1.821 1.825 1.795 

2035 1.857 1.490 1.857 1.857 1.836 1.864 1.857 1.836 1.832 

2036 1.894 1.487 1.894 1.894 1.870 1.902 1.894 1.883 1.869 

2037 1.932 1.493 1.932 1.932 1.914 1.942 1.932 1.937 1.907 

2038 1.971 1.540 1.971 1.971 1.956 1.953 1.971 1.953 1.945 

2039 2.010 1.569 2.010 2.010 1.968 2.006 2.010 1.965 1.985 

2040 2.050 1.599 2.050 2.050 1.981 2.062 2.050 1.970 2.025 

 

 

Results show that in both scenarios we have a decrease in welfare as a result of a decline in the 

consumer’s utility. Welfare change happens faster in the phase-out scenario compared to the 

tax scenario. In the phase-out scenario, consumers facing more pressure on their consumption 

as a result of the higher cost of transportation in the short term. 
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Figure 27 welfare changes 

 

 

 

Conclusion  
 

In this chapter, we used a recursive dynamic CGE linked with an energy system (optimization) 

model for electricity generation to study the role of policy aimed at increasing to the uptake of 

electric vehicles for passenger transport in New Zealand.  

TC transitioning from fossil fuel propulsion to electricity is one step to achieve a low-carbon 

economy without a negative impact on mobility or economic growth. Currently, there are 

different alternative technologies for passenger cars at a different stage of development that 

provide the same service, but the cost of each technology is different depending on how mature 

is the technology. Policies can accelerate the adoption of improved technology. Economic 

incentives and command and control are two standard methods available to policymakers to 

fascinate the uptake of TC.   

Currently, New Zealand set up some policies to increase the uptake of electric vehicles. 

However, a fuel tax and phase out (command and control) aimed at fossil fuel cars are not 

mentioned. In this study, we compared the impact of a fuel tax and phase out of ICEs on the 

NZ economy and specifically in passenger transport sector.  

Our results show in the baseline scenario we would wait until 2024 to see hybrid vehicles in 

the economy. Because of current rate of technological improvement, they will be profitable in 

the equilibrium only after 2024 when they can compete in price with ICEs.  

However, if a fuel tax policy they were active in the equilibrium in 2012. This is because they 

are more profitable in the equilibrium compared to baseline scenario as a result of high cost for 
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using ICEs. So, we can see a fuel tax actives this technology 12 years earlier in the economy.  

Also, in phase out of ICEs scenario, PHEVs got active in the equilibrium in 2010. They were 

active earlier compared to baseline and fuel tax scenario. So we can observe, phase out of ICEs 

activate PHEV technology earlier than the fossil fuel tax policy.   

EVs will be active in the equilibrium 2032 in the baseline scenario because profit of one unit 

private passenger transport will be positive and they change from inactive technology to an 

active technology in 2032 with the current rate of technological improvement.  In the fuel tax 

policy, EVs active earlier in 2017 as a result of high cost of ICEs and PHEVs in the equilibrium. 

However, they will be active in 2030 in phase out of ICEs scenario because of lower production 

cost of PHEVS compared to EVs until 2030.   

In terms of price level, in the baseline scenario, a positive trend in the price levels is observed, 

until TC makes private transport cheaper so that competition between technologies push the 

price level lower. In the fuel tax and phase out scenario, there is higher level of price compared 

to baseline as a result of demand pressure. Highest price level happened in different times in 

phase out and fuel tax scenario. Price spikes in 2010 in the phase out scenario and then a 

decreasing trend keeps the price level downward but higher than the reference scenario level. 

However, highest price in the fuel tax happened in 2025 and again at a higher level compared 

to the reference scenario.     

In conclusion, we can see the positive role of policy to uptake inactive technologies. Fuel tax 

policy focuses on ICEs and PHEVs. So, the main impact is on ICEs because of high 

dependency of them to fossil fuel. Also, PHEVs will be affected by this policy as they use 

petrol as the second source of fuel. Although we set up the phase out scenario in 2010, three 

years after we set fuel tax scenario, result shows that command and control (phase out) is more 

effective in achieving the adoption of both Hybrid and EV technology faster. This policy lets 

PHEVs to stay longer in the market after activation. Because they use petrol as the main fuel 

and they are not considered as ICEs. So, phase out scenario will not limit them. However, the 

market also depends on car supply that is mainly depends on the number of imported second 

hand cars from Japan.   

In general, limitations for this study were similar to the previous chapter, including lack of 

updated data, not enough empirical study about elasticities and also there was not updated 

technological cost structure for electric cars. Future studies could focus on the impact of this 

technological change on environmental issues, especially global carbon emissions. Another  
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future study is fuel cell electric cars that is the most sustainable type of cars with almost zero 

carbon emission. 
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IV. Chapter 4 

 

 

 
 

 

The impact of Industrial energy savings on New Zealand economy 
(An intertemporal dynamic CGE model) 
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Introduction 
 

Industrial energy demand has increased by 1.5% annually since 2010. Not only has coal 

consumption doubled since 2000 but also we had 80% growth in consumption of non-biomass 

renewables, such as geothermal and solar thermal. In 2014 non-renewables had the highest 

growth rate of any fuel at 7%. Structural effects based on changing shares of industrial 

subsectors, as well as regional shifts in production, could partly explain this, but the growth in 

renewable energy use in industry is nonetheless an encouraging sign (IEA, 2017). 

Increasing energy efficiency during past decades has resulted in a reduction of industrial energy 

intensity. However, due to higher industrial production, growth in energy demand exceeded 

energy saved. Industrial energy use and the associated greenhouse gas emissions are expected 

to grow actively as a result of the expectation of double or triple industrial productivity in the 

following 40 years (I. IEA, 2011). Currently, industrial production is about one-third of total 

energy demand and 40% of emitted greenhouse gases(IEA, 2017). Improved energy efficiency 

can limit energy demand and industrial greenhouse emissions as it results in decreased fossil 

fuel energy consumption. One of the most cost-effective ways to reduce greenhouse gas 

emissions is increasing energy efficiency (Ryan & Campbell, 2012), and also, it is an important 

way to mitigate climate change. 

Introducing disruptive (or innovative) technologies into industrial processes can play a 

significant role in achieving national goals for energy efficiency. Cost-effective improvements 

in energy efficiency will decrease production costs and contribute to the profitability of 

processing plants. Furthermore, considering their relative share of energy demand, the adoption 

of energy-saving technologies will likely impact relative prices, supply, patterns of production 

and consumption, and investment within the sector and, possibly, throughout the economy. To 

capture the impact of a technological change, we need to consider interactions between sectors. 
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Improvements in the productivity of industrial procedures can come in different ways, 

including lower capital and operating costs, increased yields, and a decrease in demand for 

energy from natural and fossil fuel resources. Technological change will incorporate one, or 

some, of these improvements. Although some technological change is designed for a particular 

purpose, generally it may have an impact on other aspects of the production process.    

Some technologies are defined as energy-efficient as they aimed at reducing energy use. 

However, they will add additional enhancements to the production process. Lower maintenance 

costs, safer working environment, an increase in production and many others are referred to as 

productivity benefits or non-energy benefits. Therefore, using an energy-efficient technology 

will enhance the productivity of the firm as well. There are many studies which have found a 

direct relationship between energy efficiency and productivity using different methodology and 

datasets. (Worrell, Laitner, Ruth, & Finman, 2003) 

The economic impact of introducing energy savings technology into industrial process is not 

limited to this sector. Energy demand reduction from this sector release more energy to the 

economy and can have an indirect impact on other sectors. TC can impact investment decisions 

by public and private investors resulting in capital moving between sectors to achieve a higher 

return.  

There are three main advantages using an intertemporal dynamic to a recursive CGE model. 

First of all in intertemporal model there is possibility to find how fast the economy moves 

toward the long run equilibrium and whether the trajectory is smooth or not. Especially when 

the short and long-term effects are different. The advantage is that we can incorporate 

intertemporal behaviour by agents. When we face the choice of deciding between current and 

future investments, we need some form of intertemporal modeling. The third advantage is the 

importance of investment behaviour. In such model, firms choose its level of investment to 

maximize the stock market value of equity. Market value in return depends on expected 

earnings in the future. Therefore, change in expectation changes the market value and therefore 

investment. 

This paper focuses on the diffusion stage of TC as classified by Schumpeter (1934). An 

intertemporal dynamic CGE model is developed for New Zealand to capture the impact of 

industrial TC on investment decisions and the economy. 

Three main advantages of using an intertemporal dynamic compared to a recursive CGE model 

are: First of all, in the intertemporal model there is a possibility to find how fast the economy 
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moves toward the long run equilibrium and whether the trajectory is smooth or not. Especially 

when the short and long-term effects are different. The advantage is that we can incorporate 

intertemporal behaviour by agents. When we face the choice of deciding between current and 

future investments, we need some form of intertemporal modelling. The third advantage is the 

importance of investment behavior. In such a model, firms choose its level of investment to 

maximize the stock market value of equity. Market value in return depends on expected 

earnings in the future. Therefore, change in expectation changes the market value and therefore 

investment. 

 
Importance of energy efficiency in industry 
 

Since the 1970s energy efficiency in industrial sector considered as an important part and 

energy budget trimmed by using higher efficiencies and has realized the importance of 

protecting the environment. In industry, energy efficiency can be improved by three different 

approaches: energy management, industrial energy saving by policies/regulations, and 

industrial energy-saving technologies.  

 

Energy management  
 

Energy management is the strategy aimed at meeting energy demand when and where it is 

needed. By adjusting and optimizing energy-using systems and procedures, energy input per 

unit of output can be controlled and the total cost of production reduced or at least held constant. 

Energy management began to be considered as the main part of industrial management since 

1970s as a result of an increase in energy prices and concerns about scarcity of world natural 

resources.  

Since then, the role of energy demand management has expanded in industries. Nowadays 

planning for energy demand projects on a regular basis is an important part of the top 

management team of a firm. Energy management programs should have four main sectors to 

be more effective: analyzing historical data, energy audit and accounting, engineering analysis, 

and personal training and information.      
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Industrial energy savings by governmental policies  
 

Energy policy is the tool by which government has decided to address issues of energy 

development including production, distribution, and consumption of energy. Energy policy 

may include legislation, taxation, and incentive to investment, agreements, and guidelines for 

energy conservation, international treaties, energy guide labels and energy efficiency 

standards. Energy policies are used in the industrial sector to meet specific energy demand or 

achieve energy efficiency targets. They can be viewed as a tool for mid and long-term strategic 

plan is covering a period of 5-10 years aimed at increasing energy efficiency and reducing 

greenhouse gas emissions. There are many types of policies and programs that have been used 

in countries around the world to improve energy efficiency. Some of these policies are 

Regulation/Standards, Agreements/Targets, and Reporting/Benchmarking. 

 

Energy savings technologies  
 

Technological improvement has an enormous potential to reduce industrial energy 

consumption. There are different ways to reduce energy demand in this sector. Use of a variable 

speed drive in motor operated systems, high efficiency motors, efficient nozzles in the 

compressed-air system, waste heat recovery, etc. are some common methods to control energy 

consumption by industrial production (Abdelaziz, Saidur, & Mekhilef, 2011).  

 

Studies of energy consumption across time 
 

In 1970s studies about energy use started with a series of papers by (Hoffman & Jorgenson, 

1977), (E. R. Berndt & Wood, 1975). A flexible form of cost or production function was used 

to derive factor demand equations. In these papers energy demand in American industries was 

investigated using translog cost functions. Technological change was introduced in these 

models by Jorgenson. He simply modeled technological change by including a time trend in 

the regression. (Fraumeni & Jorgenson, 1981) used a time trend to show technological change, 

and they found that technological change was energy using. That is energy use per unit of 

output increased over time. However, they used 1958 to 1974 data that does not cover technical 

change in energy consumption because of the two energy crises of the 1970s. Their results may 

not be be relevant to today.  
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More recent studies, e.g. (K. D. Berndt, Beunink, Schroeder, & Wuethrich, 1993), (Mountain, 

Stipdonk, & Warren, 1989), and (Sterner, 1990) does find that technological change is energy 

saving. All those papers used a time trend in their models to represent technological change. 

Using a time trend has two disadvantages. First is that improvements in energy-saving 

technology do not occur randomly over time, but are correlated with changes in energy prices. 

Therefore, the results of these papers are sensitive to the period of study. The second drawback 

is that a time trend only captures the overall impact of technological change. It can tell us 

whether all of the technological change that occurs during this time period results in more or 

less energy use. As an example, technological advances that lead to increased dependence on 

capital might increase energy use per unit of output as more energy is required to run additional 

machines. However, energy consumption may be more efficient than before.  

In both cases, using time trends make it impossible to attribute the effect of technological 

change only to energy consumption. For example, (Mountain et al., 1989), find that 

technological advances were natural gas using during the period. This was because the natural 

gas price was low at that time. As a result, technological change tended to take advantage of 

low gas prices by using more gas than other energy resources. However, there may have been 

some technologies that improved the efficiency of natural gas use during that period. However, 

this effect would not be identified in this study since it only captures total effect of 

technological change. Using patents, as is done in this paper, as an indicator of technological 

advances, avoids these problems. It is possible to identify the impact of technologies 

specifically related to energy consumption through the identification of those patents that are 

related to energy efficiency. Combining information on energy savings with information on 

the development of new patents with information resulting from new patents makes policy 

simulations possible (Popp, 2001).  

 

Technological change in economic models 
 

Technological change that increases in outputs without an increase in productive inputs by 

product innovations can decrease energy demand and lower the cost of greenhouse gasses 

abatement policies. e.g., the higher energy efficiency of existing production processes and 

process innovations.  
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In general, technological change is considered as a non-economic, exogenous variable in 

economic models. Therefore economic activities and policies have no impact on new 

technologies. However, there is much evidence showing that technological change is 

endogenous variable and cannot be easily defined outside of the model. Therefore, a new 

generation of economic-environmental models treat technological change as endogenous that 

responds to policy variables, prices, investment in R&D. This approach makes it difficult to 

analyze the complicated process of technological change and empirical evidence of the 

determinants of technological change are still not clear ( Löschel, 2002b).  

 

Modeling approaches: Bottom-up vs. top-down 
 

There are two broad ways to capture the impact of technological change on the economy. They 

differ on the details of technology into the model. Bottom-up engineering is based on partial 

models that use a high level of details to measure substitution of energy resources at the primary 

and final energy level, process substitution, efficiency improvement or energy savings. Lack 

of interaction between other parts of the economy is the main disadvantage of these models. 

Technological change occurs once one technology substituted by another. Least cost 

optimization to meet a given demand for final energy subject to constraints selects the most 

effective technology in this type of models.  

Technological change often involves by penetration of new technologies. New technologies 

are very quickly adopted in optimizing models because of higher efficiencies. Absolute shifts 

in these models neglect transaction costs in the energy system and market failures in demand 

and thus result in too optimistic estimates. 

The top-down approach, on the other hand, has fewer details on the energy system and mainly 

considers interactions between economic sectors. They describe the energy system in a highly 

aggregated way by neoclassical production functions to capture substitution possibilities 

through substitution elasticities. There is not a description of technologies in these models and 

technology is considered as the cost of production at a commodity or industry level. Top-down 

models are classified as open (demand driven Keynesian) and closed (general equilibrium) 

models.   

Macroeconometric models are based on time series data and consist of econometrically 

estimated equations without equilibrium assumptions. They include many economic variables 
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but little structural detail. They are suitable for short or medium term evaluation and 

forecasting.  

Computable General Equilibrium models have become the standard tool for the analysis of 

economy-wide impact of energy and environment policy and technological change. They 

concern the interactions between consumers and producers in the market. Household 

preferences and production of goods are usually captured by nested constant elasticity of 

substitution (CES) functions. They provide a consistent framework for studying price 

dependent interactions between energy system and rest of the economy. It is important as any 

change in energy system cause not only direct adjustments in energy markets but also indirect 

spillovers to other markets which in turn feed back to the economy ( Böhringer & Löschel, 

2012). 

Technological change in top-down models is described as the relationship between inputs and 

outputs. Existing technologies are replaced as relative prices of alternative technologies 

change. Change in technologies are the result of substitution along a given production isoquant 

and shifts in the isoquant through changes in factor demand. 

 

Exogenous specification of technological change 
 

Exogenous technological change can be incorporated into any energy-economic models by an 

autonomous energy efficiency parameter or by backstop technologies that assume the future 

cost of energy technologies.  

 

Autonomous Energy Efficiency Improvement (AEEI) 
 

The AEEI is a measure of all non-price driven improvements in technology which in turn affect 

energy intensity. This can be a constant value or have a non-linear estimated trend. The 

assumption for using a constant AEEI in energy-economy modeling is that innovation of new 

energy technologies comes from a large number of small improvements. This is the result of a 

shared, progressive development pool of knowledge(Jacobsen, 2001). 
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The AEEI parameter can show structural changes in the total economy, e.g., change in the input 

share of energy for total output, or sector-specific technological change, e.g., change in the 

percentage of energy use in the industrial sector.  

AEEI is a separate coefficient in the production or cost functions as factor augmenting or price 

diminishing technical change. A constant elasticity of substitution(CES) unit cost function (c ) 

with exogenous price diminishing technological change for input i(𝛾 , 𝛾 > 0) is given by: 

𝑐 = [𝛿 (𝑝 . 𝑒 . ) ]  

 

 

Where: 

 𝛿is the distribution parameter,  

𝜎is the substitution elasticity, 

t indexes time ,and  

𝑝 is the input price.  

Because of the price effects of energy efficiency improvement, the AEEI parameter reduces 

the energy output ratio in CES production functions only if the substitution elasticity is less 

than unity (Kemfert & Welsch, 2000).   

Also, the change in energy intensity is determined by the responsiveness of energy demand to 

changes in energy prices, i.e., the price elasticity of the demand for energy, and simple price-

induced factor substitution. When the relative price of energy increases, e. g. in response to 

climate change policies to reduce GHG emissions, consumers and firms substitute inputs away 

from energy and towards other factors such as labor instead of machines, or public transport 

instead of privately owned vehicles. The degree to which capital or labour can be substituted 

for energy is determined by the elasticity of substitution between energy and these factors. This 

creates another important parameter when analysing energy intensity. The carbon intensity is 

also determined by substitution possibilities among fossil fuels such as switching from coal to 

gas for electricity generation. However, the changes in demand for productive inputs with 

respect to relative prices represent choices among policy options already available. In contrast, 
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AEEI improves the technology available to producers and consumers; and alters the production 

function itself. The main problem when including technical progress using AEEI is the 

difficulty of distinguishing between technological progress and long-term price effects (Jones, 

1994)  

 

Backstop Technologies 
 

Another approach to include technological progress is to incorporate exogenous discrete new 

technologies into macroeconomic models. These backstop technologies are non-commercial 

energy sources or technologies to generate and consume energy that is already known. 

Generally, the price mechanism determines the production technology. Backstop technology 

comes into play when they mature, and their cost falls with technological improvement, and 

also, the cost of current resources and technologies increase because of depletion or any policy 

that makes them unprofitable. A common assumption about backstop technology is that they 

are available at a constant, high marginal cost, and supply is unlimited. The main reason for 

the high cost of backstop technologies is the cost investment in R&D. Therefore, the upper 

limit to which energy price can rise is determined by the cost of production of future 

technologies. Subsequently, availability and cost of these technologies have a significant effect 

on model outcomes (A. S. Manne & Richels, 1994). In energy-economy models, we can see 

backstop technologies in both fossil fuel and non-fossil fuel sectors. They are sometimes purely 

generic, synthetic technologies and sometimes are fully specified or existing technologies.  

Energy generation from solar power technologies such as photovoltaic or fuel cells, ethanol 

from biomass, advanced fossil fuel generation, and nuclear generators are examples of this 

technology such as shale oil and gas production (see, for instance (Babiker et al., 2001), (Manne 

Alan & Richels, 1992; 2000) and (Peck & Teisberg, 1992; 1999).  

Backstop Technologies are called “technology snapshots.” in macroeconomic models. This 

type of model incorporates details of future available technologies. Bottom-up models that are 

engineering calculations specify alternative technologies for energy production. This can also 

be done in hybrid top-down and bottom-up models (Böhringer, 1998). Depending on 

profitability, different technology snapshots substitute each other over time (Edmonds, Roop, 

& Scott, 2000). Discrete technology choice models make assumptions about technological 

diffusion, i.e., assumptions about the degree of penetration of existing technologies together 



119 
 

with assumptions on individual technological progress. Exogenous technological change, 

specified in one of these ways, provides the base for analyzing the effects of replacing the 

current capital stock with more energy efficient technologies, i.e., the effect of technical 

progress, but it cannot consider technologies developing in the future as a result of R&D. 

Energy prices and technological opportunities both play a significant role in the direction of 

energy-saving technological change. 

Technological improvements are energy-using when energy prices are low, and energy-saving 

when energy prices are high. Technological change that leads to an increased reliance on capital 

might increase energy use per unit output, as a result of more energy required to run additional 

machines. However, the energy may be utilized more efficiently than before. 

To capture the impact of energy-savings technology on dynamic economic variables, e.g., 

investment decisions, economic growth, etc. we need to consider all the interactions between 

economic variables in a dynamic system which recognizes the impact of a change in one 

variable at a time in other variables on other time periods. We use a dynamic CGE model to 

show the impact of energy saving technologies on dynamic variables in the economy.  

 

 

Model 
 

In this paper, an intertemporal dynamic CGE model is developed for the NZ economy. This 

kind of dynamic CGE is the result of intertemporal optimization behavior by agents. The model 

developed in this part aims to study the dynamic impact of technological change in the 

industrial sector on the New Zealand economy focusing on investment decisions. We follow 

the assumption of a small open economy. The model classified the NZ economy into five 

economic sectors. Agriculture and Dairy (AFD), Fossil fuels (FOL), electricity generation and 

distribution (ELE), industrial sector (IND) and rest of the economy (ROE). 

The household’s endowments are capital (K) and Labour (L) on the demand side. 
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Table 18 economic sectors in the model 

No Economic sectors 

1 Fossil fuels 

2 Electricity generation and distribution 

3 Industrial sector 

4 Agriculture arming and dairy products 

5 Rest of the economy 

 

 

 

Table 19 production factors in the model 

No Production factor 

1 Capital 

2 Labour 

 

 

Table 20 final demand sectors in the model 

No Final demand 

1 Household 

2 Government 

3 Investment 

 

 

Model formulation 
 

In this section, we start with the production side of the model and then move to dynamic 

behavior of capital and investment, and finally, the intertemporal utility function by consumers. 

Non-energy output 
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In the labor and capital are mixed at the lower nest, then factor production is combined with an 

energy composite, after capital-labor and energy are merged with intermediate inputs. Finally, 

product enters the domestic market or export overseas. 

  

,
= 𝜃 𝑝 , + (1 − 𝜃 )𝑝 , − 𝜃 𝑝 ,

∉

− (𝜃 ) 𝜃 𝐴𝐸𝐸𝐼. 𝑝 , + (1 − 𝜃 ) 𝑤 𝑟 = 0 

 

Where: 

 AEEI : Autonomous Energy Efficiency Index, 

 𝜃  is the value share of ROW exports in sector 𝑖, 

 𝜃 is the cost share of non-energy intermediate input 𝑗,in sector 𝑖, 

 𝜃  is the cost share of 𝐾𝐿𝐸 aggregate in sector 𝑖, 

 𝜃  is the cost share of energy in the 𝐾𝐿𝐸 aggregate of sector 𝑖, 

 𝜃  is the labour cost share in sector 𝑖, 

 𝜂 is the elasticity of transformation between production for the domestic market and 

production for exported market, 

 𝜌𝐾𝐿𝐸 is the elasticity of substitution between the energy aggregate and the value added 

in non-energy production, 

 𝑌 is the associated complementary variable. 

 

 

Energy Composite 
 

In the energy part of the model, we have fossil fuels as an aggregated product (oil, gas and 

coal). Electricity combined with them to have energy composite as an input for other sectors. 

The unit profit function for energy aggregate can be written as: 
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,
= 𝑃 , − 𝜃 𝑃 , + (1 − 𝜃 ) 𝑃 , = 0 

 

Where, 

 𝜃  is the cost share of electricity in energy demand by sector 𝑖, 

 𝜌𝐸𝐿𝐸 is the elasticity of substitution between electricity and non-electricity energy 

goods in production, 

 𝐸 is the associated complementary variable. 

 

 

Armington Production 
 

Armington assumption used for international trade. Intermediate goods that we use for the 

production is a mixture of domestically and imported goods which a virtual firm combine them 

together and sell the final product to domestic market.  

The unit profit function for Armington composite can be written as: 

 

,
= 𝑃 , − 𝜃 𝑃 , + 1 − 𝜃 𝑃 , = 0 

Where: 

 𝜃  is the cost share of domestic variety 𝑖 in Armington aggregate good, 

 𝜌𝐴 is the Armington substitution elasticity between domestic and imported varieties of 

the same good, 

 𝐴 is the associated complementary variable. 
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Figure 28 nesting structure of production in intertemporal dynamic CGE model 

 

 

A simple Ramsey growth model is used to show dynamic behavior of an intertemporal model. 

This growth model is used as a benchmark model for optimal inter-temporal allocation of 

resources and modern dynamic macroeconomics. 

 

Capital 
 

We assume full employment of factors in the model. There is a difference between capital in a 

static CGE model and an intertemporal dynamic CGE. While capital consumed in one period 
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in a static model, the next period capital stock is built from investment and capital less 

depreciation in an intertemporal framework. Investment decisions in one period have an impact 

on the next year and following periods. 

Capital accumulates as follows: 

𝐾 ≥ (1 − 𝛿 )𝐾 + 𝐼  

To assure the intertemporal zero-profit conditions an efficient allocation of capital, i.e., 

investment is necessary. The cost of a unit investment, return to capital, and the price of a unit 

capital stock in period 𝑡 is given by: 

 

 

= 𝑃 − 𝑟 − (1 − 𝛿)𝑝  

And also, 

= 𝑝 − 𝑝 ≥ 0 

Where: 

𝑃  is the value of one unit capital stock( purchase price) in period t 

𝛿  is the depreciation rate, 

𝑝  is the cost of one unit investment in period t ( equals to 𝑝  in this model), 

𝐾  is the associated complementary variable that shows the activity level of capital stock 

formation in period t, 

𝐼  is the associated complementary variable that shows activity level of aggregate investment 

in period t. 
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Market Clearance Conditions 
 

Market clearance conditions show that a commodity that has a positive price should have a 

balance between supply and demand. Therefore, any good with excess supply should have a 

zero price. By differentiation of the unit profit function with respect to the price, we can get 

compensated supplied and demand quantities. The price of each quantity is the associated 

complementarity variable.  

 

 

 

Capital 
 

Market clearance condition for capital is: 

𝐾 = 𝑌
𝜕 ∏

𝜕𝜈
 

 

 

Labour 
 

Market clearance condition for labor force is: 

𝐿 = 𝑌
𝜕 ∏

𝜕𝑤
 

Shows the supply-demand balance for labor, where:  

𝐿  is the exogenous endowment of time in period t 

Time endowment grows at a constant rate. This rate (g) determines the long run growth rate of 

the economy (Steady-state)  

 

Output for domestic markets 
 

𝑌
𝜕 ∏

𝜕𝑝
= 𝐴

𝜕 ∏

𝜕𝑝
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Output for export markets 
 

𝑌
𝜕 ∏

𝜕𝑝
= 𝐴

𝜕 ∏

𝜕𝑝
 

 

 

Armington Aggregate 
 

𝐴 = 𝑌
𝜕 ∏

𝜕𝑝
+ 𝐶

𝜕 ∏

𝜕𝑝
+ 𝐼

𝜕 ∏

𝜕𝑝
 

 

Household Consumption aggregate 
 

𝐶 = 𝐷  

Where: 

𝐷  is uncompensated final demand, derived from lifetime utility maximization.   

 

 

Household 
 

A representative household combines fossil fuel and electricity in the lower nest for energy 

composite and then mixed that with non-energy Armington goods for the final consumption.  

The unit profit function for the production of the final consumption good is: 
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,

= 𝑃 ,

− 𝜃 (𝑃 , )

∉

+ (1

− 𝜃 ) 𝜃 (𝑃 , ) + (1 − 𝜃 ) 𝑃 , = 0 

 

Where: 

 𝜃 is the cost of non-energy composite in aggregate household consumption, 

 𝜃  is the cost of electricity in household energy aggregate demand, 

 𝛾  is the cost share of non-energy good i in non-energy household demand, 

 𝜌𝐶 is the elasticity of substitution between energy and non-energy goods in household 

consumption, 

 𝜌  is the elasticity of substitution between electricity and non-electricity energy in 

household consumption, 

 𝐶 is the associated complementary variable. 

 

Figure 29 utility nested function of representative household in the intertemporal dynamic CGE 
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In a Ramsey model a representative consumer maximizes the present value of his lifetime 

utility: 

 

𝑊 = 𝑚𝑎𝑥
1

1 + 𝜌
𝑈(𝐶 ) 

𝑠. 𝑡.  𝑝 𝐶 = 𝑀 

Where: 

𝑈(𝐶 ) is the instantaneous utility function of representative agent, 

𝜌 is time preference rate of representative agent (discount rate), 

𝑀 is the lifetime income of representative agent, 

In our model, a representative household receives its income (M) from providing primary 

factors, capital and labor. 

 

𝑀 = 𝑃 𝐿 + 𝑃 𝐾  

 

𝑃  is the wage for labour and 𝑃  is the price for capital.  

 

The isoelastic lifetime utility of instantaneous utility function: 

(𝐶 ) =
𝐶

( ∅)

1 − 1
∅

 

Where:  

∅ is the constant intertemporal elasticity of substitution  

 

Uncompensated final demand function is: 
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𝐷 (𝑝 , 𝑀) =
(1 + 𝜌)

∑ (1 + 𝜌) 𝑝

𝑀

𝑝
 

 

 

Terminal condition 
 

We cannot solve an intertemporal model for an infinite number of periods and a finite horizon 

is needed to solve the problem numerically. However, this approximation causes problems with 

capital accumulation. Therefore, to avoid such a problem, we should somehow terminal the 

capital (Paltsev 2004; Lau et al. 2002). Without this condition, all the capital will be consumed 

in the last period and there is no capital remaining for the next period’s investment. This 

condition forces investment for an increase in proportion to final consumption demand. The 

post terminal capital 𝐾  is introduced as an endogenous variable and the terminal condition 

follows (Lau et al.,2002). This condition means terminal investment growth rate equal to steady 

state growth rate. 

𝐼
𝐼 = 1 + 𝑔𝑟 

Where: 

 𝑔𝑟 is the growth rate 

 

Similar to the previous chapters for macro-closures of the model, we assume a neoclassical 

closure for the investment-saving that considers investment adjusts endogenously to 

accommodate any change in savings. For simplicity of the model, we also assume the labour 

market closure as flexible wages and full employment. Also, we consider a small open 

economy to be price-taker with respect to world market prices. World prices are assumed to be 

exogenous, and therefore trade with rest of the world is included by perfectly elastic rest of the 

world import-supply and export-demand functions. 
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Data 
 

We used the most recent available Social Accounting Matrix of New Zealand published in 

2009 (data belongs to 2007) by NZ Statistics. There are 106 industries and 205 commodities 

groups in the national accounts. Primary purpose of this study is to investigate the role of 

industrial energy efficiency improvement on the economy, especially on dynamic variables. 

We used a reduced form of social accounting matrix by aggregating industries in five sectors. 

Fossil fuels (FOL), electricity generation and distribution (ELE), industrial sector (IND), 

agriculture, farming and dairy products (AFD), rest of the economy (ROE) are production 

sectors in this model. 

 

We follow the Ramsey growth model for intertemporal behaviour. Elasticity of intertemporal 

substitution determines the speed of adjustment to the steady state. Also, it shows the behaviour 

of saving rate during transition. So, changes in consumption are not very costly to consumers 

if the elasticity is high and therefore the real interest rate is high and they will save a large 

portion of their income. In contrast, if the elasticity is low the consumption smoothing motive 

is very strong and because of this consumers will save a little and consume a lot if the real 

interest rate is low. Empirical studies are vary. A meta-analysis11 of 169 studies reports a mean 

of 0.5 for this parameter across countries with some substantial differences. 

Similar to the previous chapters, elasticities used in this model is obtained from the literature. 

Also, for calibration of dynamics, we used the official cash rate as a discount rate and factor 

growth. To be consistent with other data, we used the OCR in 2007 that was 8%. Intertemporal 

elasticity of substitution is assumed to be 0.5 and obtained from the literature. Also, long term 

growth rate is equal to 2.9 percent that is the long run GDP growth of New Zealand. This model 

is calibrated until 2030. 

Similar to the previous chapters for macro-closures of the model, we assume a neoclassical 

closure for the investment-saving that considers investment adjusts endogenously to 

accommodate any change in savings. For simplicity of the model we also assume the labour 

market closure as flexible wages and full employment. Also, we consider a small open 

                                       
11 Havranek, T., Horvath, R., Irsova, Z., & Rusnak, M. (2015). Cross-country heterogeneity in 
intertemporal substitution. Journal of International Economics, 96(1), 100-118. 
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economy to be price-taker with respect to world market prices. World prices are assumed to be 

exogenous, and therefore trade with rest of the world is included by perfectly elastic rest of the 

world import-supply and export-demand functions. 

 

 

Results 
 

In this part, we calibrate our model according to 2007 data for New Zealand. The pathway of 

the economy with the current rate of economic growth until 2030 is showing how economy 

develops. Also, we can see the capital stock growth in each sector until 2030. Figure 30, 31 

shows the steady state of output for each sector in baseline scenario. We can see the long run 

growth rate is defined as 2.9 percent per year.   

We follow the Ramsey growth model for intertemporal behavior. The elasticity of 

intertemporal substitution determines the speed of adjustment to the steady state. Also, it shows 

the behavior of saving rate during the transition. So, changes in consumption are not very costly 

to consumers if the elasticity is high and therefore the real interest rate is high, and they will 

save a large portion of their income. In contrast, if the elasticity is low, the consumption 

smoothing motive is very strong and because of this consumers will save a little and consume 

a lot if the real interest rate is low. Empirical studies are vary. A meta-analysis12 of 169 studies 

reports a mean of 0.5 for this parameter across countries with some substantial differences 

 

                                       
12 Havranek, T., Horvath, R., Irsova, Z., & Rusnak, M. (2015). Cross-country heterogeneity in 
intertemporal substitution. Journal of International Economics, 96(1), 100-118. 
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Figure 30 steady state of the economy in reference scenario 

 

 

Figure 31 steady state of rest of the economy in reference scenario 

 

 

Agriculture, farming and dairy had the highest share of production compared to industrial, 

electricity and fossil fuel in NZ GDP in 2007.   

However, figure 32 shows the capital stock pathway in the baseline scenario. We can see 

industrial sector has the highest share of capital stock compared to other sectors, showing that 

industrial production is capital intensive.   
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Figure 32 capital stock growth in the baseline scenario 

 

 

Figure 33 capital stock growth in the baseline scenario in the rest of the economy 

 

 

 

Energy savings simulation 
 

In this part, we examine the impact of introducing an energy-efficient technology by industry, 

assuming 10 percent energy savings for the entire industrial sector in New Zealand. This can 

be the result of innovated domestically or imported technology. We imply this 10% change in 
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AEEI parameter in the production function of industrial sector. By comparing results with the 

baseline scenario, we can see how these energy savings have an impact on output and capital 

stock in different sectors of the economy. 

 

Agriculture and farming 
 

This sector had a relatively high share in the New Zealand economy in 2007 (baseline year). 

Our results show that after applying an energy savings technology in the industrial sector, the 

agriculture output decreased until 2011 because capital moves to industrial sector as a result of 

higher demand for capital to invest in industrial production. The main reason for this is that 

industrial production is more profitable compared to other economic sectors. However, after 

2011, agriculture and farming output increased and returned back to the steady state of the 

economy again because there is no new demand for capital in the industrial sector and labour 

substitution in agriculture production.  Also, demand for agriculture, farming and dairy 

products put pressure on supply for this sector resulting in a rise in the output.      

 

Figure 34 steady state of agriculture and farming output 

 

 

In the first year there is no change in capital stock; however, investors find industrial sector 

more attractive to invest and they move their capital to the industrial sector and no new 
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investment in the agriculture occurs until 2011. Investors bring back their investment into the 

agriculture sector as a result of saturation of capital in the industrial sector and an ongoing 

demand for agriculture and farming products that make it profitable sector. Figure 35 shows 

how capital stock in Agriculture, farming and dairy returns back to its long run growth after 

implying TC in industrial sector.  

 

Figure 35 capital stock growth of agriculture and farming and dairy sector 

 

 

Fossil fuel 
 

Because around one-third of energy consumed by industry, introducing TC into the industrial 

sector, we expect demand for energy is fall. The output of fossil fuel decreases through 2011. 

This is because of a lower demand by industrial and electricity sector to generate electricity.  

From 2011 output increases as a result of an increase in demand for energy arising from 

increased industrial production (higher profit in this sector). So, we can see the negative impact 

of industrial TC on fossil fuel consumption. In 2016, fossil fuel production returns to the long 

run steady state of the economy.   
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Figure 36 steady state of fossil fuel sector 

 

 

Figure 37 shows how capital stock growth during the time for fossil fuel sector. Similar to 

agriculture and farming sector, in the first year no change in the capital stock is observed. 

However, growth in capital stock is flat until 2011 and then increase afterward. This trajectory 

arises from the high cost of moving capital and investment requires a longer time to have a 

return in this sector. Infrastructure (capital) in this sector are not easy to move to other sectors. 

So, it takes longer to move capital from this sector. However, new demand for fossil fuel after 

2011 does not allow capital movement.       
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Figure 37 capital stock growth of fossil fuel production 

 

 
 

Industrial sector 
 

TC in this sector is expected to result in an increase in industrial production. More efficient use 

of energy results in more output with the same amount of input. Applying energy savings 

technology in 2007, we observed in output increase until 2014. However, after 2014 a reduction 

in industrial output happens and continues until 2018. The reason for this reduction is that 

inputs such as labour, capital and raw materials are more proportionally employed in other 

sectors. A competitive market for inputs will change the direction of inputs to those sectors. 

However, after 2018 we come back to the steady state of the economy with a higher amount of 

output from industry compare to the baseline scenario.    
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Figure 38 steady state of industrial output 

 

 

In contrast to other parts of the economy, we see the flow of capital to industrial production. 

This is the result of a higher return to capital in this sector. Although we have a reduction in 

capital stock between 2014 and 2015, this trend is always positive.  

 

Figure 39 capital stock growth of industrial production 
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Electricity  
 

Electricity is the primary source of energy for most industrial production in New Zealand. we 

expect a decrease in output will happen to this sector as a result of introducing TC into the 

industrial sector. However, electricity is inelastic and we cannot expect a huge decrease in 

electricity demand as a result of energy savings technology especially from residential sector. 

After 2011, increasing trend of production will continue until we get to the steady state of the 

economy.   

 

Figure 40 steady state of electricity generation and distribution 

 

 

Figure 41 shows there is not a new investment in electricity sector until 2011; the capital stock 

is almost fixed until 2011, however, the new investment required as a result of higher electricity 

demand by growth in the industrial sector.   
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Figure 41 capital stock growth electricity sector 

 

 

Rest of the economy 
 

In this paper, rest of the economy is considered as an aggregate of non-energy intensive sectors. 

A change in relative prices, especially input prices can impact output. Our result shows a 

relatively fixed level of output until 2011. However, this sector returns back to the long run 

equilibrium pathway with a higher rate between 2011 and 2014 as a result of capital movement.  
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Figure 42 steady state of rest of the economy 

 

 

Figure 43 shows capital stock in the rest of economy, until 2010 there is no change in capital 

stock in this sector. This is because investors find industrial sector more attractive to invest. 

However, investors take out their capital from industrial sector and invest in the other sectors 

of the economy after 2010.   
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Figure 43 capital stock growth in the rest of the economy 

 

Sensitivity analysis 
 

In order to check the model’s robustness we analyse a sensitivity test. Considering alternative 

energy efficiency improvements for the industrial sector at 7% and 12%, we conduct a 

sensitivity test of energy efficiency improvement into industrial sector compared to the 10% 

scenario. 

 



143 
 

Figure 44 sensitivity test of efficiency improvement in the industrial sector 

 

 

 

Figure 44 shows a higher output in industrial sector at 12% efficiency improvement while a 

lower output observed with 7% increase in energy efficiency. However, output with 10% 

remains between 7% and 12% in the whole period. Also, at any level of efficiency 

improvement, we can see a higher output in industrial sector compare to the baseline scenario.  

 
Following graph compares the change in the utility oh households compared to the baseline 

scenario as a result of energy-saving technology over time. As a result of capital movement 

and a decrease in the output of some key sectors in the economy (e.g., Agriculture) utility 

decreased compared to baseline scenario until 2012. After 2012, the output of other sectors 

increases and consumption of goods and services increases consequently. 
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Figure 45 welfare changes over time 

 

 

Conclusion 
 

Increasing energy efficiency during past decades has resulted in a reduction of industrial energy 

intensity. However, due to higher industrial production, growth in energy demand exceeded 

energy saved. Improved energy efficiency can limit energy demand and industrial greenhouse 

emissions as it results in decreased fossil fuel energy consumption. Considering relative share 

of energy demand, the adoption of energy-saving technologies will likely impact relative 

prices, supply, patterns of production and consumption, and investment within the sector and, 

possibly, throughout the economy. To capture the impact of a technological change, we need 

to consider interactions between sectors. TC can impact investment decisions by public and 

private investors resulting in capital moving between sectors to achieve a higher return. In this 

paper we focused on the diffusion stage of TC as classified by Schumpeter (1934). An 

intertemporal dynamic CGE model is developed for New Zealand to capture the impact of 

industrial TC on investment decisions and the economy. 

We explained the structure of an intertemporal dynamic CGE model. This approach is to 

specify a CGE model in an entirely dynamic format and solve the model for entire period 

simultaneously. Equations in these type of models show how the economy adjusts to 

technological innovation over time. Following are the main advantages of an intertemporal 

dynamic compared to a recursive CGE model.  
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 It is possible to find how fast the economy moves toward the long run equilibrium and 

whether the trajectory is smooth or not. It is particularly insightful to run an 

intertemporal model when the short and long-term effects are different.  

 We can incorporate intertemporal behavior by agents. If face the choice of deciding 

between current and future investments, we need some form of intertemporal modeling.  

 The investment behavior is important to integrate into a CGE model. In such a model, 

firms choose its level of investment to maximize the stock market value of equity. 

Market value in return depends on expected earnings in the future. Therefore, change 

in expectation changes the market value and therefore investment.  

In order to link investment behavior to TC, we studied the role of an energy savings technology 

in the industrial sector. By implying AEEI parameter and assuming a 10% energy efficiency in 

industrial production, our results show that capital will move to energy-intensive sectors and 

an increase in the production of energy-intensive sectors is observed. However, in the long 

term we will get back to the equilibrium in industrial sector. This is because the economy has 

not enough capacity to expand industrial production (e.g., limitation in the intermediate goods 

for production and/or labor force, etc.) and also other sectors will compete to absorb capital to 

get back to the growth pathway. However, equilibrium growth returns at a higher level of 

output as a result of this TC. Our results show that only industrial production will have a jump 

in the output and motivate investors to move their capital to this sector. This is because of a 

higher return to capital as a result of a TC. Production in other sectors declines as they face a 

reduction in capital stock in the first few years of introducing a TC. However, they return back 

to the long run equilibrium after few years. Generally, we can see a higher output for whole 

the economy as a result of this TC for all sectors. This is in line the concept of the role of 

technology in economic growth theories.  

Limitations for this research was lack of updated data, complexity of an intertemporal dynamic 

CGE model that force us to use some assumption to simplify the model. Also, we assumed 

10% energy savings by using efficient technology to simulate the economy after a direct TC. 

However, we are not sure about such an improvement in the economy as a result of 

domestically or imported technology, especially in whole the economy. Also, we should 

consider endogenous TC as a result of investment in other sectors as well as spillover of TC on 

the other sectors. A suggested area for future study is to consider endogenous TC considering 

investment in R&D.  
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Research objective 
 

In recent years the role of TC in energy supply was more evident with moving towards 

renewables and improvements in the efficiency of electricity generation. However, the impact 

of TC on demand side in New Zealand is still unknown. In the residential sector, moving 

towards more efficient appliances and smart devices is a TC for households. However, energy 

savings are not limited to a household’s consumption of electricity. Transportation and 

industrial demand can also benefit from technology improvement. The industry has the largest 

share of energy demand in the country. Energy-intensive firms in the economy demand around 

38% of electricity (MBIE, 2017), also domestic transport accounts for 82% of fossil fuel use 

in the country (MBIE, 2017).  

This thesis examined the role of technological change on demand side of the New Zealand 

economy, and analysed the impact of programs and policies to use an energy savings TC in the 

economy. I investigated three research question: 

 

1. The impact of a TC in a large energy intensive industry (New Zealand aluminium 

smelter) on NZ economy using a static CGE-hybrid model. 

2. The role of policies to facilitate the uptake of electric vehicles in the NZ economy using 

a recursive dynamic CGE model. 
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3. The impact of energy saving technologies on industrial production, dynamic variables 

(e.g. investment-saving decisions) considering the pathway for economic growth in 

New Zealand using an intertemporal dynamic CGE model.  

 

This thesis is the first attempt to link a partial equilibrium energy system model to a static CGE 

model. Using an optimization model for electricity generation in New Zealand, I linked the two 

models together to capture the impact of technological improvement by the largest single 

electricity consumer in New Zealand (New Zealand aluminium smelter).  

In the second paper, I developed a recursive dynamic CGE model, linked to an energy system 

model, to capture the impact of electric vehicles and the role of policy to uptake them. Point of 

interest in this paper was the long run impact of TC utilizing EVs.  

Finally, in the last paper, I developed an intertemporal dynamic CGE model for New Zealand 

to capture the impact of TC on industrial sector, dynamic variables, especially investment. 

Because the result of investment appears in long run and also depends on the return rate of 

capital in different sectors, investors may move their capital between sectors considering 

highest return to capital on that sector. We need to study intertemporal behaviour by producers 

and consumers in the economy to find the pathway of economic growth as a result of TC. 

 

 

Table 21 comparison of three models 

 CGE type Energy partial 

equilibrium model 

Point of interest Stage of TC  

First 

paper 

Static CGE Electricity 

optimization  

TC in a Large 

industrial energy 

consumer 

invention and 

innovation 

Second 

paper 

Recursive 

CGE 

Electricity 

optimization 

TC and policy Policy and 

diffusion  

Third 

paper 

Intertemporal 

CGE 

------- TC and investment-

saving behaviours  

diffusion 
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Results summary  
 

The impact of Industrial energy savings on New Zealand economy (A static Hybrid 
Model) 
 

In chapter 2, the economic impact of introducing efficient technology to the aluminum sector 

is presented. Auckland University engineering team estimated that utilizing the new heat 

exchanger technology will result in around 40 percent electricity savings. The impact on the 

demand side is a 1.045 percent increase in consumption of goods and services for a 

representative household. This can interpreted as an increase in economic welfare for New 

Zealanders. Aggregate output from agriculture, forestry, and fishing will increase by 2.3 

percent, the highest impact associated with introducing energy saving technology in the 

economy. Also, the food and beverage sector is also affected by a change in relative prices and 

output from other sectors, especially increases in primary sector output. More inputs and 

cheaper electricity leads to an increase in food and beverage output. 

The reduction in electricity price results in an increase in production of wood, pulp and paper 

because this sector is energy intensive and a change in electricity price resulted in more demand 

for electricity. Primary metal products is also an energy-intensive sector and more output is 

expected (e.g. steel production). However, electricity is not the only input and a lower 

electricity price did not change output because of a Leontief function used to describe 

production in the industry. Also, manufacturing is an energy-intensive industry and output 

increases because of cheaper electricity. 

Electricity production will decrease at first because of less demand from NZAS. As a result, 

the electricity system used lower marginal cost generators (e.g. hydro generators) which 

reduces the cost of generation. Therefore, a decrease in electricity price is expected as the cost 

of generation reflected in the price. 

Finally, if NZAS reduced electricity demand by 40 percent, the quantity of aluminum produced 

by NZAS decreased by 40 percent because of a Leontief function used to characterise smelter 

production. 

In terms of international trade, New Zealand economy is relatively small and also aluminum 

sector is a small part of the New Zealand economy. There is no change in the export/import of 

other goods associated with electricity demand reduction other than the aluminum sector. 
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In terms of price, an increase in the price of Aluminium, a decrease in the price of electricity 

by using cheaper electricity generation technology observed, while the price of other 

commodities did not change. Aluminium supply decreases, however demand for aluminum 

does not change, and the price of aluminum will increase. 

In conclusion, because aluminium sector has a very small share in New Zealand's GDP. We 

cannot expect a massive change in the economy by using energy savings technology in this 

sector. 

 

The role of Policy in uptake Electric Vehicles in New Zealand economy (A 
recursive dynamic CGE model) 
 

In chapter 3, I studied the role of policy to facilitate the uptake of electric passenger vehicles 

in New Zealand. The point of interest in this chapter was not only short run behavior but also, 

the long run impact of a TC on the NZ economy. A recursive dynamic developed to tackle this 

question. A change in production of passenger transport can shift equilibrium relationships 

during the time. The recursive dynamic CGE was linked with to energy system optimization 

model for electricity generation in New Zealand.  

I compared the impact of two alternative policies; a fuel tax, and command and control that 

would (phase-out of fossil fuels ICEs) to uptake electric cars.  

My results showed that in the baseline scenario, until 2024 hybrid vehicles cannot compete 

with ICEs in the NZ economy. However, using a fuel tax policy, hybrid vehicles were active 

in 2012 and they got active in 2010 in the phase out scenario.  

However, EV cars will be active in 2032 in the baseline scenario, with a fuel tax they enter to 

market in 2017 and in the phase-out scenario, they will be active in 2030. 

So, phase out scenario will be more effective to active both Hybrid and EV technology faster. 

However, this process depends on car supply that mainly relies on the number of imported 

second-hand cars from Japan.  
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The impact of Industrial energy savings on New Zealand economy (An 
intertemporal dynamic CGE model) 
 

In chapter 4, I studied the impact of industrial TC on the pathway of economic growth including 

economic output and investment decisions. An intertemporal dynamic CGE model was 

developed to capture long-term impacts and show how capital moves between sectors as a 

result of a TC. Increasing energy efficiency by 10% in an industrial process, results in the 

capital movement to energy-intensive sectors and production in these sectors will increase. 

However, in the long term, the economy returns to equilibrium. This is because the economy 

has not enough capacity to expand industrial production (e.g., limitation in the intermediate 

goods for production and/or labor force, etc.) and also other sectors will compete to absorb 

capital to get back to the growth pathway.  

Industrial production will increase rapidly results in higher demand for capital and this is the 

motivation for investors to bring their capital to this sector to get a higher return.   

However, production in other sectors falls initially as a result of a decline in capital stock in 

the first few years of introducing a TC.  

Generally, higher output for whole the economy as a result of TC introduced into the industrial 

sector. This is in line with the concept of the role of technology in economic growth theories.   

 
 

Limitations and suggestions for further research  
 

This thesis has some limitations. First of all, New Zealand input-output table is for 2007. So, 

data used in this research is not updated. The second problem is because of lack of empirical 

studies about elasticities in the literature especially for New Zealand; there is some degree of 

robustness exist in the results. The third problem is developing dynamic CGE models had some 

limitations especially for intertemporal dynamics. So, I used some assumptions to simplify the 

model. Also, I used a simple linear programming model for the electricity generation, and the 

only constraint was generators capacity that not reflect other constraints such as network 

capacity or time and location of the electricity generated. Finally, the technological cost 
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structure for electric vehicles obtained from the literature that might be a bit different with the 

current situation of technology used in the electric cars in New Zealand.  

More updated data and advanced CGE modeling techniques may result in more accurate and 

reliable result for further research. Also, studying endogenous TC as a result of investment in 

R&D is another area of research for the future.   
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VI. Appendix 
 

List of elasticities 
 

Elasticities used in this study obtained from the literature (De Veirman & Dunstan, 2011; NZIER, 2004; 

Rutherford, 2003; Strutt & Rae, 2011).  Here is a list of elasticities: 

𝑠: Elasticity of substitution, 

𝑡: Elasticity of transformation, 

𝑑𝑚: Elasticity of substitution in either domestic good or imported good, 

𝑑(𝑚): Elasticity of substitution between domestic and imported commodities,  

𝑖𝑑: Elasticity of substitution between domestic and imported goods used in sectoral 
intermediate production, 

𝑣𝑎: Elasticity of substitution between value-added inputs, 

∅: Intertemporal elasticity of substitution. 

Type 𝑠 𝑡 𝑑𝑚 𝑑(𝑚) 𝑖𝑑 𝑣𝑎 ∅ 
Domestic production 0 0   0 0.7  
Allocation of output 0 2      
Export  2      
Import goods  0 2 2    
Investment 0       
Household consumption 1       
Government consumption  0       
Intertemporal elasticity of substitution       0.5 

Table 22 List of elasticities 

 

 

 

 




