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Revealing the Role of Emission Trading in Optimal Technology Choices and
Waste Co-Processing Promotion: Cement Industry in China

JU Yiyi
Graduated School of International Development, Nagoya University
Furocho, Chikusaku, Nagoya 464-8601, JAPAN

Abstract

The national Emission Trading Scheme (ETS) of China was established in December 2017. Currently,
it covers only energy industry and may soon be extended to cement industry. To investigate the impact of
a projected ETS on cement industry, this paper utilized a rectangular choice-of-technology (RCOT) model
to find the cost-minimizing solution of technology combination in cement sector under a mild (70%
allowances freely allocated) and a strict (50% allowances freely allocated) ETS scenario. The results show
that a projected ETS would create the incentives for entities to shift to more sustainable technology choices:
medium new dry process kilns (2,000-4,000t/d) and large new dry process kilns (>4,000t/d). An estimated
25% price rise would occur in cement sector under both circumstances, with an approximated 1% chain rise
in the construction sector. Part of the ETS revenue would be spent on additional allowances generated by
waste co-processing as subsidy, corresponding to 20.29 million EUR and 49.09 million EUR under the two
mentioned scenarios.

Key word: Emission trading, Choice-of-Technology, Cement kilns, Waste co-processing

Research objective

Emission trading scheme (ETS) is an essential option of climate policy instruments implemented in many
countries. China, the world’s largest emitter, has been operating eight pilot markets since 2013 and established a
nationwide emission trading scheme at the end of 2017. The market size of CHN-ETS would be around RMB 45
billion (US$7.1bn) and covers 3-5 Gt CO; per year (ICAP, 2018). It started in energy industry first, with plans to be
extended to other sectors. Cement industry is on top of the waiting list, with a high emission intensity, low value
added, decreasing domestic demand and relatively clearer life-cycle emission assessment standards in relation to
other industries (Huntzinger & Eatmon, 2008; Shen et al., 2015).

According to an official interview of NDRC (National Development and Reform Commission) earlier in 2017,
except for CCER (China Certificated Emission Rights) generated from CDM (Clean Development Mechanism)
projects and other instruments which enable authorities to intervene total allowance supply, only the cement sector
is drafted with additional allowance subsidies. Entities co-processing 30,000 to 50,000 ton of solid waste would
obtain an additional 1% of allowance allocated, 50,000 to 100,000 ton with 2% and over 100,000 ton with 3%,
respectively. Waste co-processing in cement kilns includes two main parts: 1) the reuse of waste as raw material, or
as replacement for fossil fuels (in China’s cement industry, usually coal); 2) solid waste incineration in cement kilns,
as compared to refuse incinerators, have a higher combustion temperature, longer waste retention time and better
combustion stability, which allows kilns to decompose toxic gas generated from waste incineration and solidify heavy
metal matters into clinkers. However, even later in 2018, the covering rate of cement plants actively adopting waste
co-processing is still low in China. Few systematic statistics of waste reuse or treatment by co-processing in cement
plants have been well established.

This paper aims to investigate the impact of a projected ETS on the technology preferences of cement industry,
as well as how waste co-processing would be promoted in cement industry by ETS. Also, more empirical studies
assessed the impact of waste recycling policies and material recovery policies on specific industries, such as
refrigerator (Kondo et al, 20001), plastic-based packaging (Ross & Evans, 2003), paper (Hiroshima et al, 1998) and
vehicles (Ohno, 2017). However, neither empirical analysis of technology choices, nor synergetic impacts of climate
policy instruments on other policy instruments were thoroughly discussed. This paper aims to contribute to such
literature gap by recompiling the input coefficient matrix of China with alternative technology choices.



Methodology and data source

The rectangular choice-of-technology model with factor constraints is based on the model proposed by Duchin
and Leine (2011). It allows for one or more sectors to operate more than one technology simultaneously by linear
programming (LP). Researches further extending its concept and model design have been fruitful since an LP
application in 1O analysis firstly proposed in 1992 (Duchin and Lange, 1992), however, its practical applications are
still limited. Kondo and Nakamura (2005) introduced an LP model based on the Waste Input-Output model (WIO)
to search for an optimal solid waste management and recycling strategy given a set of alternative options. Other
empirical studies include sustainable water use analysis (Lin, 2011; Lopez-Morales & Duchin, 2011) and analysis in
end-of-use vehicles (Ohno et al, 2017). This paper utilized the RCOT model to search for the cost-minimizing
solution of output allocation and technology combination in the cement sector. It extended the definition of factor
requirement considering the nature of emission trading scheme, where trading allowances allocated to each entity
could be viewed as one sort of factor input inventory owned by the entity. With a factor endowment constraint in
emission allowances, the model of this paper reveals the mechanism of how emission regulation drives a preference
change of technology in a specific industry.

Parameters such as input coefficient A and factor requirement F (including labor, capital, emission allowance of
carbon dioxide, and emission standard of particulate matters), as well as exogenous variables such as final demand
y, factor endowment f, and factor price T are adopted from Version 2.2.2 of the EXIOBASE, which is part of the
CREEA project (Compiling and Refining Environmental and Economic Accounts) with the compilation of a global
multiregional environmentally extended supply and use table (Tisserant et al., 2017).

Results and discussion

This paper revealed the role of emission trading scheme in cement sector by setting two scenarios to describe
different emission regulation standards. An RCOT model was utilized to find the cost-minimizing solution of output
allocation and technology combination in cement sector under two scenarios. Further, it investigated the
corresponding change in product prices and estimated the additional allowances generated from waste co-processing.
The main conclusions are as follows.

1) Although JT shaft kilns were material-saving (a relatively low intermediate input), new dry process
technologies showed a great advantage on emission mitigation over shaft kilns. An emission trading scheme or
other climate policy instruments could create the incentives for entities to shift to more sustainable technology
choices: medium new dry process kilns (2,000-4,000t/d) and large new dry process kilns (>4,000t/d).

2) A price rise would happen in cement sector if it is covered by an ETS: about 24.43% increase under
a mild ETS (70% allowance freely allocated) and 25.04% increase under a strict ETS (50% allowance freely
allocated). Sectors with a relatively high intermediate input requirement from cement sector would also suffer a
price rise. More specifically, the price level in construction sector may rise 0.98% and 1.01% under a mild and
strict ETS on cement sector, respectively.

3) Waste co-processing in cement kilns would create additional allowances, which provide incentives
for cement entities to increase the rate of material reuse and solid waste disposal. Part of ETS revenue would be
spent on these additional allowances as subsidy, namely 20.29 million EUR and 49.09 million EUR under the two
scenarios above mentioned. To further encourage entities to raise their waste reuse rate to the level of Japan, the
subsidy allowance share should be increased to 2.9% from 2%, on average.

Uncertainties exist as the national ETS of China was just established in December 2017. Considering that the ETS
could set a cap for the total emission (less endowment in the emission allowance factor) of cement industry, which
would drive plants to shift to more sustainable technologies, authorities may use ETS revenue to pay the subsidy
allowances generated by co-processing of waste in cement kilns. This would promote waste recycling and treatment,
but it is necessary to control the share to avoid ruining the cap excessively.
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Economic and Environmental impacts of carbon taxes in East Asia by carbon taxes to
meet the 2050 2°Ctargets : An analysis using ESME-FTT model

Hector Pollitt!, Soocheol Lee?, Park Seung-Joon3, Taeyeoun Lee* and Unnada Chewpreecha>
1. Introduction

The aim of this paper is to assess, using E3ME, how we might achieve carbon emission reductions
across the whole economy, for each of the East Asian countries. The focus of this paper is on a scenario
in which emissions are reduced by enough to limit temperature change to 2°C. The modelling tool of
this paper is a Global E3 macroeconomic model, E3ME. E3ME is linked to a full set of bottom up
technology transformation sub modules(FTT) namely: FTT:Power, FTT:Transport, FTT:Heating and
FTT:Steel.

The paper will first investigate a scenario to assess the economic and environmental impacts where a
carbon tax alone is used to achieve the 2050 2°C target. It will then add on sector specific
policies such as FiT in power sector, fuel tax & subsidies in transportation sector, low

carbon subsidies in heat sector to help with decarbonization alongside the carbon tax.
2. Scenarios and methodology

The starting point for the paper is a standard baseline scenario, based on the Asia/world
Energy Outlook (IEEJ2017). This will form the reference case to which all the other
results will be compared. We will then try to meet the 2°C target using carbon tax alone.
The tax rates will be increasing overtime up to the rates necessary to meet the emission
reduction targets in 2050. The carbon tax will be applied to all sectors and, for this paper,

there will not be revenue recycling. This scenario is defined as Scenario 1 below.

This approach is likely to show that a very high carbon tax rate is required, potentially
the model may not solve. While ESME is also likely to show relatively small economic
impacts (e.g. 0-5% loss) the premise will be that the carbon tax rate is too high to be
politically feasible and some specific trade-exposed, energy-intensive sectors will suffer
from loss in competitiveness. In the subsequent scenarios, other sector specific policies

will be introduced. The full list of scenarios 1is:
e Scenario 1: Targets met through carbon tax only.
e Scenario 2: Power sector specific policies, carbon tax on all sectors to meet target

e Scenario 3: Power sector and industry specific policies — carbon tax on all sectors
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e Scenario 4: Power sector, industry and transport specific policies and carbon tax

on all sectors

e Scenario 5: Power, transport, industry and buildings specific policies carbon tax

on all sectors

All sectors are still subject to the carbon tax even if other policies are added but the same
2°C target is met in all scenarios. Therefore the carbon tax rate is likely to be reduced
as we go through the scenarios because as we add more sector specific policies, the carbon

tax has to do less of the emission reduction work.
3. Expected results and Analysis

It 1s expected that Scenario 1 will require a carbon price that is not feasible politically.
Scenario 2 will include FiT and subsidies for renewables, which will mean a higher
renewable share and lower power sector emissions. This will lead to reductions in the
carbon tax rate (compared to S1). In Scenario 3, regulations and measures to boost low
carbon technology will be applied to the industrial sector. Industry sector emissions will
fall and therefore other sectors will need to reduce emissions by less. As a result, there

will be a lower carbon tax rate.

Scenarios 4 and 5 are applied on the same basis, with regulations applied to transport
(heavy on emissions) and buildings (less direct emissions but more electricity). The
combined result in Scenario 5 will be a much lower emissions and a lower carbon tax
rate will be required. The final part of the paper will compare GDP results. In the long
run at least, higher carbon prices will lead to lower GDP (and employment), as there is
no revenue recycling. We would therefore expect the losses of GDP to fall in line with the
carbon price, although it is noted that the other regulatory policies might also have a

negative impact on GDP.
4. Conclusion

The conclusion is likely to be that a carbon price is a necessary, but not sufficient, policy
Instrument to reach an ambitious emission reduction target. We will compare this
modelling approach with the optimization modelling tools, if possible, in which the
carbon price is the only policy mechanism available — and make recommendations on the

assessment approach as well as the policy mix.
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Decarbonizing the East Asian steel industry in 2050: An analysis performed

with FTT(Future Technology Transformation)-Steel model.

Authors: Pim Vercoulen, Soocheol Lee*,Sunhee Suk,Yanmin He, Fujikawa
Kiyoshi, Aileen Lamt, Jean-Francois Mercure*, Florian Knobloch#

1. Introduction
The focus of climate mitigation is naturally on the heavy emitting sectors, such as the power,
transport and industry sectors. In 2015 the manufacturing and construction industry in China,
Japan, South Korea, and Taiwan (CJKT) were together accountable for 3054 Mt of CO;-eq.
emitted to the atmosphere, of which 2776 Mt, 203 Mt, 81 Mt COz-eq. due to China and Taiwan
combined, Japan and South Korea respectively (IEA 2017). Of these emissions, 40~50% of the
manufacturing industry and 10~20% of total emission in CJKT were attributable to the iron
and steel industry..

The introduction and diffusion of novel, low carbon intensive technologies could lead to
large emission reductions of the steel industry. In order to be able to predict how innovation
will take place in the future a model is needed. By using a bottom-up, non-equilibrium,
evolutionary, future technological transformations(FTT) can be modelled given the sectoral-
specific conditions (Mercure et al. 2018).

In this study the CJKT iron and steel industries will be exposed to varying carbon taxes of
50, 100, and 200 US$ per tonne carbon. We will see how much stimulate the speed of low
carbon technological innovation among the various steel manufacturing technologies and how
much impact on the production of steel industry and whole economy by connecting FTT to
E3ME global macro econometric model by 2050 in each carbon tax rate. Ultimately, it is the
goal of this research to elucidate the direction of institutional reform for the use of resources
and climate change mitigation toward a sustainable future for the East Asian iron and steel
sector.

2 . Methods of analysis
In this model 26 integrated steelmaking technologies were investigated, in 59 regions from
the period 2015 to 2050. At the start of modelling, the conventional BF-BOF route and the
Scrap-EAF routes had the greatest markets shares. The model also includes radical new
technologies that are currently still in research phase, such as Hydrogen Flash Smelt (HFS)
coupled to EAF and Molten Oxide Electrolysis (MOE). To the technologies where it applies
to, bio-based and CCS options were also added. The mathematical framework is more

elaborately described by Mercure (2012). In brief, future technological transformations can be
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modelled given the sectoral-specific conditions. Technological diffusion is calculated
according to the levelized cost of steel production (LCOS) and how it changes over time. The
LCOS takes into account the investment costs, operation and maintenance costs, materials
costs, and policy costs (i.e. carbon tax).The technological changes lead to differences in annual
emissions, sectoral investments, and material use.

4 . Results of analysis

The preliminary results show that in the baseline scenario and under 50 US$ of carbon tax no
major decline in emissions was achieved. Market competition primarily occurred between the
conventional BF-BOF and Scrap-EAF routes. Also, the market penetration and diffusion of
radical technologies is low, and the present-day conventional technologies will remain
dominant because steel makers do not have strong incentive to introduce costly technological
innovation.

In China primary steelmaking routes are the major supplier to meet the demand of steel.
Around 2030 the scrap availability increases to volumes where the Scrap-EAF route becomes
the cheapest production option, but due to technological lock-in of BF-BOF it is projected to
have limited market share gains. For Japan, Korea and Taiwan scrap availability is no
constraint. In the latter two regions Scrap-EAF naturally gains substantial market shares.
Japan’s high cost of electricity limits market penetration of the secondary steelmaking route.

Imposing an increasing carbon tax of 200 US$ will lead to a 75% emission reduction for
China, Japan, Korea and Taiwan combined. The greatest reduction occurs in China, where
Scrap-EAF now gains substantial market shares. Regulatory policies on the fossil-based BF-
BOF route leads to an overall emission reduction of 57%. Under those conditions fuel-
switching towards biomass occurs and Hydrogen Flash Smelt (HFS) will be incentivised.
Subsidizing policies have little effect since the greatest cost component is the fuel and material
consumption.

5 . Conclusion

Overall, from our initial results it can be concluded that the iron and steel industry needs to
be heavily incentivised to obtain large scale reductions of emissions. The presence of policy
incentives by effective carbon pricing are needed to achieve substantial emission reduction of
the iron and steel sector.
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Policies and predictions for a low-carbon transition by 2050 in passenger vehicles in East

Asia: Based on an analysis using the E3SME-FTT model

Authors: Aileen Lam™ ', Soocheol Leef, Jean-Francois Mercure?, Yongsung Cho™",

Chun-Hsu Linft, Hector Pollitt™, Unnada Chewpreecha®f, Sophie Billingtonf*

1. Introduction
As the IPCC 5™ Assessment Report highlighted, the transport sector is important for climate
change mitigation along with difficulties of achieving deep reductions therein (IPCC
Working Group 111, 2015, p603). The demand for crude oil and petroleum by the road
transport sector has been increasing by nearly 60% in the China, Japan, South Korea and
Taiwan since 2004 (IEA Energy Statistics). Passenger cars were found to account for over
50% of the increase in gasoline demand. The dependence on fossil fuels has significant
implications on energy security, emissions and climate change.

The main objective for this research is to use a model of technological diffusion to study
the possible future technological transitions in the passenger car sector in East Asia. We
performed a series of policy scenario analysis(vehicle tax, fuel tax, carbon tax, subsidies,
etc.) for these countries considering consumer diversity in each country. The scenario
analysis finds the set of policy incentives that will lead to significant emissions reductions
in transportation sectors in East Asian countries.

2 . Methods of analysis
The FTT framework models technological diffusion by a set of logistic differential
equations, of the Lotka-Volterra family, which represents gradual technological substitution
processes (Mercure,et.al. 2012). The diffusion processes are path dependent and involves
positive feedbacks, which is captured by the FTT framework. The FTT-Transport model
assumes the presence of a diverse market with heterogeneous agent, by using a
probabilisitic treatment of consumer decision making using distribution of cost values
(Mercure and Lam, 2015).

The FTT transport model is a sub-model of the E3ME model, a non-equilibrium
macroeconometric simulation model based on a demand-led Post-Keynesian structure

(Lavoie, 1992). In the E3ME-FTT model, disposable income is calculated based on wages,
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GDP, price level and employment. The E3ME model involves the use of econometric
estimation to identify the effect of Endogenous Technological Change (ETC).
3. Results of analysis

Our initial findings show that in the baseline scenario, in the absence of additional policy
incentives, EV will not gain significant market shares. Instead, in countries such as South
Korea and Japan, hybrid cars gain market shares at the expense of other vehicle technologies.
Although the penetrations of hybrid cars could cut emissions by more than 50% below the
2005 levels by 2050 only in Japan. In South Korea, as a result of increasing number of
vehicles, emissions from passenger transport are projected to increase by more than 50% by
2050, without the further penetration of Electric Vehicles (EV).

Different to Japan and South Korea, we find that in China, EVs start to gain market shares
from 2018 onwards, due to the presence of important EV policies such as EV mandate and
license plate lottery. In the case Taiwan, we see a high market shares of motorcycles
historically. In our projections, we see the market shares for motorcycles maintain at around
the same level between 2012 and 2050.

The scenario analysis including carbon taxes, fuel taxes, subsidies and mandates finds that
to cut emissions significantly by more than 80% below the 1990 levels, it is necessary to
encourage the penetration of zero emissions vehicles such as Electric cars by strengthen the
existing policy incentives. During the transitions period, decarbonisation of remaining
non-electric cars can be done using biofuel mandates, although the extent to which this is
feasible depends on the country’s individual biofuel capacity.

4 . Conclusion

Overall, our initial results concluded that in the absence new policy incentives, it is not
possible to cut emissions significantly beyond 50% below the 2005 emissions level. The
continued penetration of hybrid cars and EVs are not sufficient to cut emissions
significantly in all the four Asian countries in this study. It is necessary to encourage the
further penetrations of zero emissions vehicles by strengthen the policy incentives that in

favor of Electric vehicles.
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Decarbonisation of building sectors in East Asia until 2050: A
simulation of decarbonisation policies using FTT:Heat model
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Chen?®,Jean-Francois Mercure**, Soocheol Lee®
1. Introduction

Plenty of unexploited mitigation options exist in buildings, many at low (or even negative)
cost. For limiting global warming under 2°C, all transformation pathways reviewed in
IPCC-ARS5 therefore suggest substantial reductions of the buildings sector’s direct carbon
emissions: around 50-75% until 2050, and up to 100% by 2100 (Clarke et al., 2014). Heating
is by far the largest source of residential on-site CO2 emissions, and therefore has the
largest decarbonisation potential. While the IPCC pathways indicate what may be optimal
from a social planning perspective, they leave open the question how such a deep
decarbonisation could be achieved by real-world policies.

Therefore, the main objective of our research is to use a model of technology uptake to
study the diffusion of renewable and efficient heating technologies in East Asia. Under which
conditions and behavioural assumptions could policies induce a sufficiently fast transition
towards renewable heating, and how long would it take? To this end, we performed a series
of scenario simulations for different policy instruments in East Asian countries, considering
household diversity and bounded rationality of household decisions.

2. Methods of analysis
For analysing low-carbon transitions in residential heating, we use the FTT:Heat model
(Knobloch et al., 2017). It is a bottom-up simulation model of technology diffusion, aiming to
project how the technology composition of residential heating systems may develop until
2050 under the chosen assumptions on heat demand and choice behaviour. At the model’s
core is a simulation of technology uptake, in which individual heating technologies (e.g., coal
boilers, gas boilers, heat pumps, solar thermal, etc.) compete for market shares. Importantly,
FTT:Heat does boilers, not minimise or maximise some objective function, such as system

cost or intertemporal utility. Instead, it simulates the decision-making of households: under
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given behavioural assumptions and levels of heat demand, which heating technologies would
they choose, and how fast can new technologies grow within the market?

The model can be used to simulate the potential effects of policy instruments, such as fuel
taxes and subsidies. Its integration with the Integrated Assessment Model EBME-FTT allows
for the analysis of feedbacks with other sectors, and is here used to simulate potential
impacts on the electricity sector and related indirect emissions (Mercure et al., 2018).

3. Results of analysis
In our baseline projection under current policies and diffusion trends, we find that annual
direct CO2 emissions from residential heating in East Asia would peak by 2030, before
returning to their 2014 level by 2050. Given the projected increase in heat demand (mostly in
China), this suggests a decrease in the direct emission intensity, due to a continuation of
current diffusion trends of low-carbon technologies, foremost heat pumps and solar thermal.
In our policy scenarios, we find that an (increasing) fuel tax of 50-200€/tCO2 would be
required for reducing direct emissions by around 80% (relative to 2014). Meanwhile, policy
mixes are projected to be more effective than a carbon tax on its own for driving the market
of low-carbon technologies, involving lower net emissions and reduced cost burdens for
households. Importantly, our projections indicate that a complete decarbonisation of
residential heating needs decades rather than years.
In all scenarios, we find that net reductions in cumulative CO2 emissions strongly depend on
a parallel decarbonisation of the power sector.

4. Conclusion
Overall, our initial results indicate that in the absence of new policy incentives, emissions
from residential heating would largely remain stable at current levels. The continued
diffusion of renewable technologies is not sufficient to cut emissions significantly in all East
Asian countries. For an ambitious decarbonisation consistent with the 2°C target, further

policy instruments are necessary.
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