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Abstract

The Chinese government has introduced stricter@mviental regulations to address the rapid increase
GHG emissions and environmental deterioration aasat with energy demand. In this research we
analyze the potential environmental and socio-egotidenefits of introducing such regulations codple
with the promotion of advanced technological inrtmrafor power generation. We selected Chongging
city, one of the most polluted cities in Chinajtlas case study. The study proposes 5 scenariosatige
from baseline to technology promotion through titeoiduction of carbon tax and subsidy schemesfand t
implementation of regulations for regional air esiogis reduction. We constructed a dynamic evalnatio
model based on an Input-Output (I/0O) analysis far period 2010-2025. The results show an overall
benefit on the quality of the environment and epemgnservation efforts. The study demonstratesttieat
introduction of regulations without promotion ofckmological innovation will dramatically affect
economic growth. The results also show that innowmatin the energy sector alone will reduce both ai
pollutants and energy intensity to a certain extémtthis regard the promotion of innovation in @th
economic sectors is necessary. Another importadirfg is the fact that the introduction of reguas will
actually curb air emissions and energy consumpfidris research provides a strong platform for polic
makers to realize the urgency and importance ahptmg technology innovation through environmental

regulations.

Keywords: environmental regulation; cleaner power technglogir pollution, GHG emissions,

technology innovation, energy conservation
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1. Introduction

China quadrupled its GDP while only doubling it®ry consumption in the last two decades of tha 20t
century effectively doubling its energy efficiendsowever this trend started to change from the late
1990's and it was attributed to the rapid growthpower demand and an increase in energy intensive
sectors especially steel, cement and chemicalsa(fal., 2011). Due to rapid energy demand growth
China overtook the USA as the largest emitter of €007 accounting for 21.7% of the global emissio
(UNSTAT, 2010). Obviously the current trends in rgyesupply and demand in China are far from
sustainable. The high reliance on coal to meeinitreasing energy demand has triggered not ondyi r
increase in GHG emissions but also led to detdimran the quality of the environment in many paot

the country.

The electricity supply sector is one of the maianrses of CQ emissions. Power generation in China relies
heavily on coal as the primary energy fuel accagntor 79% of supply and the electricity sectoraots

for more than 44% of the total G@missions (Baron et al., 2012). In addition to ldrge CQ emissions
coal-based power generation is also associatedaiithollution and health damage (see Kanada gt al.
2013; Liu and Wen, 2012 for details). Chinese Acaglef Environmental Planning, which is part of the
Ministry of Environmental Protection, reported tliaé cost of environmental degradation in China was
about 23810° USD in 2010, or 3.5 percent of the nation's GDPYTRP, 2013). To address these
challenges the Chinese government has placed sm@ujghasis on promoting energy efficiency and
improving energy intensity by boosting cleaner teghgies.

The decrease of the quality of the environmentdaased discomfort in many parts of China. Chongging
is one of the most affected cities in this regditge reason for major air pollution in the city ietuse of
high sulphur and ash content coal as the main fudact the proportion of coal in total energyliméition
reached 70% in 201BSC, 2011). Chongging city is one of the Acid R&iontrol Zones designated by
the Chinese Central Government. The main fact@goresible for acid rain are $@nd NQ emissions
due to utilization of low quality coal in the powsector combined with the lack of emission control

systems (Zhou et al., 2013).
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Technology development and innovation play a céntla in reducing GHG and pollutant emissions by
promoting renewable and cleaner fossil fuels (Hastial, 2009; Cravinho Martins et al., 2011; Lnda
Liang, 2013; Shi and Lai, 2013). However, due te éxistence of externalities, effective policiesl an
regulations are necessary to induce environmentaviations (Popp et al, 2006; Yabar et al, 2013).
Various studies have addressed the issue of thacingf regulations on GHG and pollutant emissions i
China. Liu et al. (2009) employed a bottom-up maddehnalyze the impact of new energy technologies
under China’s GHG mitigation scenario and found thigh-efficiency coal power and nuclear power will
have a positive impact in the short term only. Wang Nakata (2009) explored the policy potential of
carbon tax/subsidy for promoting clean coal tecbgies in the Chinese electricity sector and fourat t
such policies can actually shift China’s electyigtructure in the mid-term. These and other stutieve
addressed this issue at a national level but, aknew, China is a vast country with regional disies

and national-level policies need to be adapted nimorporate regional characteristics before their
implementation. In addition, many of the previotisdges have used a bottom-up approach that assessed
regulations and technology innovation in the posestor only, ignoring the interrelationships offeliént
economic activities (industrial sectors, househ@dd government) and the state of national
economy-energy-environment system. A regional towrd model takes into consideration the inner
interrelationships between these sectors resutirrgcomprehensive understanding of the mechaniéms
regulation and technology innovation. Thereforethis study we focus on a regional level and dile
dynamic model that can simulate the interrelatigystbetween different sectors and comprehensively
evaluate the effectiveness of the proposed pdlimgls such as input-output (1/0) and Computabledsan
Equilibrium (CGE) are widely used to analyze goweemt policies (see for instance Shoven et al., 1992
Wiedmann et al., 2007). In theory CGE models coattuce the shortcomings of /O models because they
more realistically represent relationships in ther®my and thus more accurately project the impaet
new activity on the whole economy (Berck et al.020 However data requirements for CGE models are
enormous requiring the same type of data as I/Oetsahd much more (Cansino et al., 2014). Although

the complex parameters (such as prices for evesy,gevery service, consumption patterns, intersirgu
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purchasing and so on) included in the CGE modedifsigntly improve the model’s ability to adapt to
exogenous changes in the economy, it also sulsgnticreases the data requirements (Charney. et al
2003). That is why CGE models are mostly appliedatonal level studies. In the case of China, for
instance Dai et al. (2011 and 2012) employ a CGHehtw study China’s future energy policy and ia th
model they consider the industrial structures dreddhange in socio-economic conditions over time. |
studies like this it is easier to obtain data sashnput-output tables, future population forecasts. For
regional studies, on the other hand, much of tha fta CGE models are not regularly collected. &or
regional area such as Chongging, since the foiagagata is difficult to obtain and the uncertastare
much higher than the national data (for exampl@ufaiion projections) it is more practical to u#® |
model. Additionally, this study uses Chongging'set 1/0 table available (2010) to forecast socio
economic and environmental indicators for the meB610-2025 (the short time period of study anesfat
data can improve the accuracy of forecast indicasothe industrial structure and many socio-ecooomi
conditions change in the time horizon).

The purpose of this paper is to estimate the secamomic and environmental impacts derived from a
policy of regional regulation and promotion of adead technological innovation in the energy sebtor
means of a carbon tax/subsidy system through amabdynamic input output model. Simulation results
allow policy makers and the public to understand gotential for air pollution and GHG emission
reduction and the necessity for technology innavain other sectors. The study suggests that intiod
more flexible regional regulations combined witlmiotion of technology innovation in the energy sect
will likely maintain a moderate economic growth gsrdmote energy conservation and pollution reduactio
This research also contributes to improving puptiicy design for implementing air emissions redrct
policies that can guarantee a sustainable econdeniglopment.

The rest of the paper is organized as follows. i&@@ introduces the potential of fossil fuel energ
technology options in the future. The model framewiacluding mathematical equations in the dynamic
I/O model and scenarios description is illustratedection 3; and the main results as well as dson

are presented in section 4. Finally, the concluaimh policy implications are presented in section 5
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2. Global Trendsin Power Generation: Coal Dependency and the Role of Cleaner Technologies
Coal is the world’s most abundant and widely avdddossil fuel, with proven reserves reaching lyehr
trillion tons (IEA, 2010a). Given these charactizfs coal has been a key component of the elégtric
generation mix worldwide supplying more than 40%tteé world's electricity (IEA, 2010a). Moreover,
since the energy needs of the developing world walhtinue growing coal will remain an important
component of the power generation mix in the fu{lied, 2010a; IEA, 2010Db).
Efficiency is a very important performance paramatecoal-fired power generation because it proside
benefits such as (IEA, 2011b):

* CO; emission reduction where 1% overall efficiency imy@ment can reach up to 3% £0

emissions reduction;
» conventional pollution emission reduction; and

» Resource conservation.

Chinese energy supply relies heavily on coal asptiteary energy fuel. Sub-critical technology (SUB)
which is less energy efficient and more pollutiaggounts for more than 70% of the coal power géioera

in China (Platts, 2011). Recently advanced coal ggogeneration technologies including super critical
(SUP) and ultra super critical (USC) have recespekcial attention due to their high energy efficieand
low emissions. Integrated Gasification CombinedI€YESCC) has also gained popularity due to itshhig
efficiency and low carbon emissions characteristicsaddition to power generation from cleaner loss
fuels, Carbon Capture and Storage (CCS) is gaimittgntion in recent years. CCS is a series of
technologies and techniques that capture €@m combustion or industrial processes, thensparts it

via pipelines or ships and finally stores it undetsnd. Some studies suggest that CCS will be aoképn

to cut CQ emissions in the mid to long term accomplishingaipne sixth of the C£Qemissions reduction

in 2050 and 14% of the cumulative emissions redastbetween 2015 and 2050 (IEA, 2013).

The main alternatives to improve both energy edfficy and reduce emissions based on fossil fuel powe

generation are summarized in Table 1 and theirach@nistics are shown in Table 2 and 3.
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3. Methodology
This study combines both scenario design and dyn#@ianalysis to forecast economic growth trends,
energy demand and intensity as well GHG and alufawit emissions in Chongqing for the period 2040 t
2025. The economic I/O analysis, developed by W.&éntief, studies the relationship between economic
sectors (Leontief, 1941, 1986). From the 1970&égpresent many authors have investigated extension
the 1/0 model for environmental issues (e.g. Wrigla74; Bullard 11l and Herendeen, 1975; Wilting,
1996; Cruz, 2002; Miller and Blair, 2009). In tisisidy, the main aim of the /O energy analysisosanly
the calculation of energy intensity but also enegjgted air emissions (GHG, MO, PMyo, PM; 5) and
to monitor the technology innovation trends in gmwver sector. At the Copenhagen Climate Summit in
2009, China committed to decrease its,@@issions per unit of GDP by 40%-45% by 2020hls tegard
an /O based environmental model can support std#tets to monitor their emission trends and to
evaluate the effectiveness of proposed environrpoties.
3.1 Scheme of the Simulation Model

The simulation model is composed of 3 sub-modstio-economic, air emissions and energy
demand-supply models) and one objective functiogufe 1). Chongging’s social and economic actisitie

as of 2010 provide the simulation base and reflesl social and economic development. Three ecanomi
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agents (industry, household, government) were asdumthis research.
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Please, insert Figlteere
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Figure 2 shows the commodity, air pollutant &G and carbon tax/subsidy flow between economic
agents. Based on the relationship between econageats, we designed a comprehensive evaluation
model. The dynamic simulation model is construdteded on three viewpoints of value flow balance,
energy flow balance, and commodity flow balanceicvlare necessary for comprehensive environmental
evaluation. In this model, all the economic ergitEan be divided into two groups: industry and lfina
demand.
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Please, insert Fig2iteere

As shown in Table 4, there are four main industimethe model. Each industry contains several secto
We calculated the input coefficients between ecaoagents based on the “2010 Input-Output table of
Chongging” (BSC, 2011).
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3.2 Design of the Simulation M odel

In the simulation model, variables are divided ietwdogenous (en) and exogenous (ex). The exogenous
parameters are calculated based on current datenttogenous variables will be determined by théaino
structure. The research period is 15 years, frob®20 2025.

3.2.1 Objective function

The objective function of this model is to maximitee sum of discounted GDP from 2010 to 2025,
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subject to all the constraints. They can be fortedlas:

11 1 -1 _ (1)
Maxé [ﬁj GRP(t) (p=0.05)
GRP(t) = 24]\4 X, (t) (2)

Where,GRP (1) is the gross regional product in term t (efyft) is the production of each industrin term

t (en) and is the social discount raté, is the value-added rate of industry i (ex). Thgeotive function is
subject to the following constraints. Subscripte the industries shown in table 4.

3.2.2 Energy consumption and ener gy intensity

The energy consumption in this model is defined/lgnergy carriers mainly used in Chongging (Coal,
Coke, Gasoline, Kerosene, Diesel Oil, and Naturad)@nd secondary energy electricity. All the eperg
units are unified as tons of coal equivalents (T.CEgustry energy consumption and household

consumption amount in the base year is calculaasddon (BSC, 2011).

ED() = 3} ED, (1) + ED, () ©)

WhereED(t) is the total primary energy consumption in ter(en) andED(t) is a column vector with 7
elements (7 kinds of energ¥D; (1) is industry energy consumption (eD(t) is household energy
consumptior(en).

Total energy consumptioRED(t) is the summary of 7 elements BD(t). Therefore, energy intensity in
term t (Baensin(t), €n) will be identified through the formula,&siy (t)=TED(t)/GPR(t), which is an

effective index to evaluate the effectiveness achhology innovation and environment regulation.

3.2.3 Secondary Energy: Electricity Flow Balance

S(t) = D(t) ()
S(t) =S, +S,, (1) + S (1) + S (1) + S (1) + S, (1) + S, (1) + S,(t) (5)
D) = Z D,(t) + D.(1) (6)

The electricity flow balance module measures thHartz® between electricity demand and supply. In the

simulation model, electricity supply (S(t), en) img consists of three different types of electsici
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generation: thermal power, hydropower and smallwarhof other renewable energy sources. Due to the
environmental and socio-economic impacts associaithl development of hydropower (impact on
wildlife, ecosystems and displacement of local pafien) and the fact that it has almost reacheduits
capacity, we assume that Chongqging will not buihy ather large hydropower facilities by 2025. The
generation of hydropower (Sh(t), en) is fixed aslthse year over the simulation period in the mdded
electricity supply in the Baseline scenario maitddpends on SUB critical thermal power. In contrast,
plan to use the energy supplied by a thermal pdvese on High Efficiency Low Emission (HELE)
technologies. To evaluate the mitigation effectstemfhnology innovation the thermal power sector is
divided into five types: traditional technology &/gubcritical technology (Ssub(t), en) and HELEhsas
SUP (Ssc(t), en), USC(Su(t),en), IGCC (Sc(t), 8BL,C+CCS (Scs(t),en), NGCC (Sn(t),en), NGCC+CCS
(Sns(t). Electricity demand (D(t), en) is deterndinigy each of the industrial economic activities and
government and household activities. To maintainelectricity flow balance, the electricity supj@ynot
less than electricity demand in each year.
3.24 GHG and air pollutants emission and emission intensity
The GHG and air pollutants emissions in this moded defined by the total quantity of energy
consumption related emissions i.e. emissions bysmigs energy consumption and household energy
consumption.

W (t) = i ED/ (t) « EEng®™ + ED] (t)» EEng® ( gas = GHG ,S0, ,NO, PM,, PM ) 7

1

Where W83s is a vector of 5 elements denoted by the emisainnunt of the 5 kinds of gases shown
above. EEngf®® and EEngé™ are gas emission coefficient matrixes that cooedpto the energy
carriers consumed inindustry and household consumption. Emission sitgnn term t (Buen_gaft), €n)

will be identified through the formula;

— gas 8
E e gu(t) =WES(t)/ GRP(1) (8)
This is an effective index to evaluate the impdd¢eohnology innovation and environment regulation.
3.2.5Balance of the Material Flows

In Formula 8, the left side represents the supply #he right side represents the demand. Usualy, t
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supply is not lower than the demand. The inputfedent of production is calculated based on thé®0
input-output table of Chongging (BSC, 2011).
X; (t)ziAij(t)+Clh(t) +Ci + |i(t)+Ei -M, () (=1..4) ©)
j=1
Where X;(t) is an endogenousjvector which represents the calitis® of all the sectors in industry

A;;, calculated based on the input-output table, iexagenous midrate input coefficient from industty

ij
industry j which shows the technology level of #aial economic activitiesC/*(t) is an endogenous
vector which shows the household consumption amofuatich sector in industiy C_;" is an exogenous
vector which shows the government consumption amnofueach sector in industiy I; is an endogenous
vector which shows the investment amount from esator in industry, E,(t) is a vector of the export
amount of each sector in industryand M;(t) is an endogenous vector of the import amount of
commodity of each sector in industry
3.2.6 Value Balance
The left side of the formula is the gross saleshigyindustry in the market. And the right side sipex the
total cost of each industry, including intermedieteut (from the first item to the third one) amdlustrial
value added (from the fourth one to sixth one).

P(OX ()=P (A X (t)+P(t)A X ()+P(OAX(t)+Y'()+5.X ()+7.X () (10)
Where P;(t) is the endogenous price rate vector of each seciodirstryi; Y;* is the endogenous vector

of household income of each sector in industry; is the exogenous vector of depreciation rate oheac

sector in industryand < ; is the exogenous indirect tax rate vector of essdtor in industry.

3.2.7 Regional government environmental regulation constraints

In order to improve the quality of environment ihiga, the Central government and local governments
implement a Five Year development plan. Based an déntral government plan and Chongqing’s
environmental situation, the Chongging governmdamipto reduce SCand NQ emissions by 10% every
five years. In this study we use the governmentdatory environmental targets and analyse its imjpact

integrated evaluation models. In this research vaénly put constraints on SGnd NQ emissions that
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will indirectly curb PMg, PM,sand GHG emissions. This assumption is based oreLal. (2013) that
identified strong synergies between air quality acldnate relevant measures that would allow
improvement in cost-efficiency of air pollution jpoés.

3.3 Scenario design

The purpose of this research is to find the optipmdicy to achieve the regional environmental ratjoh
target through promotion of advanced technologimabvation in the energy sector (see figure 3).réhe
already extensive literature that suggests thagldping countries first adopt and later developaaed
technological innovations (Popp, 2009). Governnregulation and carbon tax/subsidy system provide
effective policy motivation for promoting technologmnovation (Hascic, 2009; Wang and Nakata, 2009).
In this study, the proposed policies include regloenvironmental regulation (ER) and a carbon
tax/subsidy system (CTS), which are drivers thdtiae advanced technological innovation (see Table 5

«  Government regulation: In this study, government regulation specificaligans mandatory
environmental targets for reduction®®, and NQ emissiondy 10% every 5 years. We also
assumed a scenario where the emissions reducti®.i¥Ve not only evaluate the impact of
government regulation alone on social economic ldgwneent (S1’ and S2'), but also evaluate its
contribution on advanced technological innovatist &nd S2).

» Carbon tax/subsidy: Carbon tax is a cost effective instrument in achigwa specific abatement
target and highly recommended by economists ardriational organizations (EEA, 1996). It can
promote the substitution of fuel products and cleathg structure of energy production and
consumption, realize energy conservation as wethasgy efficiency improvement (Baranzini,
2000; Wang, 2009). Carbon tax revenue can be asledver income tax or indirect tax, or be
returned as subsidies to promote technologicalldpu@ent. In this study, the carbon tax is levied
on one of the largest emission sources — the tHgroveer industry, and the revenue will be used
as a subsidy incentive to develop highly efficienérgy technology. Chongging city has been
selected as a carbon tax pilot city and the taxigtlecided based on the Chinese pilot city carbon

pricing survey Jotzo et al., 2093
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»  Advanced technological innovation: In this study, conventional and advanced technotggions
are shown in Table 1-2. These technologies optnagprovided by the IEA technology roadmap
(see IEA, 2012). Advanced technologies are endagdyadopted to substitute low efficient
technology and the substitution is affected by miacyors such as government regulation level,
carbon tax/subsidy level and technology featurest(@nergy efficient, and emission efficient, et
al.). Our comprehensive model (see Figure 1) csegimum power technologies combination

based on regional economic, energy and environrheoaitions.

We design 5 policy scenarios including Baseling, S2’, S1 and S2 to identify the impact of diffate
policies (see table 6).
Baseline: This scenario acts as a reference tdifigéime significance of ER and TI. Without thesdipies,
the air pollution problem and energy crisis problesuld threaten regional sustainable development.
S1'/S1: In these two scenarios we assume 5% durtfpl mitigation every five years without and withe
promotion of advanced technological innovation. yrakso act as reference scenario for S2'/S2 whieh a
based on the government regulation to reduce #Hirtjpm by 10% every five years.
S2'/S2: These scenarios rationale is the same 84’81 but are based on the government envirorahent
plan.

R ———————

Please, insert FiguteeBe

N ——————

N

Please, insert Tablefe

N
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Please, insert Tablefe
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We tried to analyse the effectiveness of the gawemnt regulations by introducing enhanced techno&gi
innovation in the energy sector coupled with talxgsdy system for both S1 and S2.

4. Results analysis and discussion

Based on the simulation results, the integrateéssssent system can estimate the impact of policies
including technology innovation in the energy secamd regulations on the regional GHG and air
pollution emission and economic development treyscomparing the different scenarios, we will be
able to identify the contributions from differentligies through improvement in energy intensity and
emission intensity, which are important indicatimrslemonstrate the implication of such policies.

4.1 Economic development trends

K*kkkkkkkkkkhkkkkkkkkkkk

Please, insert Fighiteere
N ———————

Fig.4 shows the impact of integrated policy (inéhgdregional environmental regulation and promotién
technology innovation in the energy sector) on ecain development (S1, S1', S2, S2'). Both S1'ad S
(which are affected by environmental regulationwatent technologies level but have no policy préarmo
for technology innovation) have a remarkably loweepnomic performance. S1 and S2, on other hand,
provide a much better economic performance. Thimatestrates that introducing regulations without
promotion of technological innovation will dramatily affect economic growth. In this case, for arste,
in order to achieve the environmental target, thteraction of sectors can only reduce air emissions
through decreasing production and hence energyuoguison.
Based on these results our analysis focused om&B2. Since the high cost of HELE technologies is
barrier for technology innovation we propose thelementation of a government subsidy system to
induce such innovations. The subsidy distributisndecided based on both costs and air emissions
mitigation. In this case the subsidy will cover titra cost necessary to produce the same amount of
electricity adjusted to price with current techrgplo

We assume that the subsidy funding comes from appuarpose taxes (carbon tax) gathered from GHG



362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

emission related to technologies in the energyose@overnment must implement a subsidy system in
order to reduce the extra cost of electricity gatest by advanced technologies. The GRP averagebnnu
growth rate is 9.16%, 6.00%, and 4.24% respectif@pbaseline, S1 and S2 scenarios. The results sho
that environmental regulation constraints can stmenomic development. However, the introduction of
cleaner technologies and carbon tax/subsidies dtigate this slowdown. In this research the cartson
can reach up to 70 RMB (roughly 11 USD) and is getously decided. This value is based on China’s
pilot emission trading schemes (Jotzo et al., 2013)

Figure 4 also shows that technology innovation fhasitive impact on economic development up to a
certain point. In this case, for instance, from204e will need to consider technology innovatinrother
sectors to alleviate economic decline.

4.2 Energy consumption
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Please, insert Figuteebe

N —————
In the case of energy consumption trends figurbdws that under the baseline scenario the accueculat
energy consumption is 23.6% and 30.7% higher tHaarl S2 respectively. This is because regulations
will constrain economic growth and hence decreasegy consumption. At the same time this figur® als
shows that the introduction of regulations willezffively curve the trend of coal dependence andchpte
the rapid adoption of cleaner natural gas. Thia igery important outcome because it will allevitite
dependency on coal as a primary energy source. diimagis electricity supply sources are mainly
dependent on coal-fired power (79%) and Hydropo@ess than 20%) as of 2010. As the increasing
demand for electricity and Hydropower has alreagigched its peak, Chongging will be locked in a
coal-fired power system. In other words, it will beuch more difficult to change the coal-dominant
electricity supply system and reduce its relatimgimnmental cost in the future if no measurestaken
Now.

The situation above calls for technology innovaiiothe electricity supply sector. A previous stddynd
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that renewable energy will only contribute a litttemeet increasing energy demand in Chonggingy{zZho
et al, 2013). Therefore we need to promote prdctitiaLE cleaner coal-fired and natural gas based
electricity technology to improve regional enviroamtal quality as well as diversify energy supplyrses
and boost energy conservation. As we know natwaalpggptential will be a promising energy sourcehm t
near future. The gas deal announced on 21st, May P@tween Russia and China for 30 years will
increase Chinese natural gas energy security.ditian thanks to the application of horizontal kindy and
hydraulic fracturing, commercial exploitation ofadé gas has provided new opportunities for cleaner
efficient energy production. In its 2011 Annual Ene Outlook, the U.S. Energy information
Administration (EIA) estimates that the recoverafés resources from U.S. shale gas plays have more
than doubled in the previous year, in large pad ttuthe successful use of advanced drilling teqphes
(Rahm, 2011). The shale gas technology innovatamdifected not only the American but also the aglob
energy structure and future perspectives in terfnenergy security and potential reduction in gloB&G
emissions and regional air pollution. China hasléngest proven shale gas reserves in the world, (El
2013) and hence a huge potential for its commeecigloitation.

4.3 Air emissions mitigation and emission intensity trends
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Please, insert Figbifeere
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Figure 6 shows that, in the absence of any regulatir pollution and GHG emissions will skyrocket.
Under the baseline scenario GHG, ,.SNO,, PM;o and PM semissions amount will be 82%, 80.1%,
127%, 68%, and 77% higher than the emission amiau2®10. This is a very important outcome because
Chinese Academy of Environmental Planning, whichag of the Ministry of Environmental Protection,
reported that the cost of environmental degradaitio€hina was about 2800° USD in 2010, or 3.5
percent of the nation’s GDP (NYTAP, 2013). On tlikeo hand, the environmental and socio-economic
benefits of the avoided emissions will have a digait positive impact. In the case of GHG emissitre

proposed scenarios also have a positive impadadnS1 and S2 scenarios will reduce the total GHG
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accumulated emissions by 36% and 44% respectivshpared to baseline scenario.
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Please, insert Figtifeere

N
The amount of air pollution and GHG mitigation shoim Figure 6 shows the actual improvement in air
quality and climate change mitigation efforts. VW&aevaluate technology innovation impact by analyz
air emissions and energy intensity. The intengignds can help us measure the overall decoupling
improvement in the economy. In Figure 7 all air €sfons trends in S1 and S2 show a decreasing rpatter
thanks to the energy intensity improvements indumgethe technology innovation. The figure also skow
that the intensity improvements are much strongéhe first half of the study period followed byather
weak trend. This is because as time passes itb&ilmore difficult to achieve the regional regulatio
targets without further innovation promotion in ettsectors specially energy intensive industrieshé
absence of additional innovation promotion the stduwill decrease economic growth in order to meet
those targets.
4.4 Regulation and impacts on technology adoption
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Please, insert Figdifeere

N
Under Baseline conditions i.e. no environmentaltapn, SUB will dominate the electricity grid die
its low cost. In other words high capital, operatand maintenance costs will make it very diffidok
more advanced technologies to be adopted. Thiglgnoge a serious threat because of the lock in and
dependency phenomena (Morioka et al, 2006).
Along with stricter environmental regulation a dise portfolio of energy sources can guarantee gnerg
security. NGCC technology can greatly contributeaio pollution mitigation. In this regard, as we

mentioned before, the shale gas development patéatie EIA, 2013 for details) and the recent gzad d
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signed with Russia can meet the increasing nagiasldemand. Therefore, as shown in Figure 8 we must
promote a gradual adoption of innovation first daled by stricter regulations. This way we can
simultaneously induce environmental protection andnomic growth. The mechanism would work like
this: in each industry, the policy makers can finstoduce a relatively flexible pollution emissitarget as
incentive for existing industries to modernize thechnology, and encourage the new industriesltpia
the newer alternatives. Then, economic developraext increasing demand for electricity will allow
policy makers to introduce stricter regulationsisTtype of mechanism should be applied to the other
industrial sectors as well.
5. Conclusion
The Chongging government has set a target to retldf#eof its air pollution emissions in its FYP.this
study we constructed a top-down assessment modeb acenarios representing different regulation and
alternative technology options to simulate dynafatare trends of GHG, air pollution, energy utilizen
and economic development. The scenario design asedbon the regional government regulation and the
potential of clean technology adoption in the epexgctor. In order to promote clean power techriebbg
we proposed the introduction of a carbon tax arzbisly system to find out whether such innovatians i
the energy sector alone would be enough to actbette regional government regulations and maintain
moderate economic growth. We analysed the envirateth@nd socio-economic performance of a less
ambitious air pollution reduction plan of 5% baserdthe integrated policies. The results of thestitbw
that the proposed government policy alone will@gsly hurt the economy (Fig. 4). The introductidn o
integrated policies, on the other hand, will botiiave the government targets and maintain moderate
economic growth. The study also found that wheninduce a more moderate 5% reduction target
economic growth would not only be higher than tbgegnment proposal but the air pollution and energy
intensities will be lower in the later half of thesearch period.

This study suggests that the promotion of advaneeldnological innovation cannot only help improve
the quality of the environment (Fig. 6) but alsduee energy consumption (Fig. 8). When we compgaee t

two scenarios (with and without integrated polidydth achieve the regional government environmental
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regulation targets, but the scenario with embeddedgrated policy including diversification of
technology innovation in the energy sector has sitipe impact on economic development, energy
conservation and environmental preservation. Trdfse-between environmental conservation and
economic development could be improved throughcéffe environmental regulations coupled with
promotion of technology innovation.

The implications of this study are very importdFitstly the results clearly show that integratedigies

are the most effective tools to both promote emvitental protection and economic growth. Secondly we
found out that, in the absence of any serious gngogjcy, the Chongging power sector will rely alsho
totally on coal-based low efficient sub critical vper generation. It is imperative to introduce
comprehensive policies to change this trend aravalbr a more diversified and high efficiency power
generation grid. This study provides a very strplegform for policy makers to gain a general ideaw
the urgency and importance of promoting technolgitnovation in other industries. In this senskife
studies must also pay attention to the promotiorteshnology innovation in other industrial sectors

especially energy intensive ones such as the cestest and chemical sectors.
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Table 1

Evaluated technology and emissions type

Technology options GHG and air
pollution types
Conventional type Subcritical technology (SUB) SO
Advanced Supercritical technology (SUP) NO
technology options  yyra_supercritical (USC) Ph
(High-Efficiency, . .
Low-Emissions Fossil Integrated gasification combined cycle (IGCC) 2M

Fuel-Fired Power IGCC and Carbon capture storage (IGCC+CCS) €0

Generation) Natural gas combined cycle (NGCC)

NGCC+QCS
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Table 2

Parameters of Chinese power generation technology

Capital costs O&M Costs Efficiency

($2010 per kw) ($2010 per kW) (gross, LHV)

2010 2020 2035 2010 2020 2035 2010 2020 2035
Steam Coal - SUB 600 600 600 21 21 21 37% 37% 37%
Steam Coal - SUP 700 700 700 28 28 28 42%  42% 42%
Steam Coal - USC 800 800 800 32 32 32 46%  48% 50%
IGCC 1100 1100 900 50 50 41 47%  49% 51%
IGCC + CCS 1800 1800 1600 81 81 72 38%  40% 44%
NGCC 550 550 550 18 18 18 57%  59% 61%
NGCC+CCS 1000 1000 1000 33 33 33 49% 51% 54%

Source: Based on IEA, World Energy Outlook, 2011.
http://www.worldenergyoutlook.org/media/weowebstegrgymodel/WEO_2011 PG_Assumptions_450
Scenario.xls

Note:

O & M: operation and maintenance; SUB: subcritiG&P: supercritical; USC: ultra-supercritical;

IGCC: integrated gasification combined cycle; NG@@&tural gas combined cycle;

USC: ultra-supercritical; IGCC + CCS: integratedifj@ation combined cycle with CCS; NGCC + CCS:
natural gas combined cycle with CCS; LHV: lowertir@avalue;
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Table 3

Coal based technology energy consumption and emigsiensity

Technology Coal consumption CO2 intensity factor
(Efficiency[LHV,net])
A-USC(700°C) 290-320 g/kWh 670-740 g CO2/kWh (45-50%)
IGCC(1500°C) 290-320 g/kWh 670-740 g CO2/kWh (45-50%)
Ultra-supercritical 320-340 g/kWh 740-800 g CO CiaZh (up to 45%)
Supercritical 340-380 g/kWh 800-880 g CO CO2/kWp {1 45%)
Subcritical >380 g/kWh >880 g CO CO2/kWh (up to 45%)

Source: IEA, 2012.
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Table 4

Classification of sectors in the comprehensive rhode

Industry

Sector

1. Usual Goods and Services

2. Conventional Energy Industries

3. Energy Intensive Industries

4. Adcanced Technology Options
(High-Efficiency, Low-Emissions
Coal-Natural Gas Fired Power
Generation (HELE))

Agriculture, Forestry, Animal Husbandry and Fishery
Transport and Postal Services

Waste Treatment

Other Industries

Hydropower and Subcritical Technology Power Supply
Production and Supply of Gas

Mining and Washing of Coal

Manufacture of Raw Chemical Materials and Products
Manufacture of Non-metallic Mineral Products
Smelting and Pressing of Ferrous Metals

NGCC+CCS

NGCC

|GCC+CCS Technology Power Supply
IGCC

USC Technology Power Supply

SUP Technology Power Supply
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Table 5
Scenario design (varied with mandatory environmaatgets for reduction of SCand NQ emissions,

promotion of advanced technological innovation earbon tax/subsidy system)

Scenarios Environmental Regulation  Enhanced Technogical Carbon Tax/

Innovation Subsidy System
BAU No No No
S1'/S1 Air pollution 5% Mitigation  No/Yes No/Yes
S2'/S2 Air Pollution 10% Mitigation No/Yes No/Yes




107 Table 6

108  Comparison of the Impact of policies on proposeshados

Baseline ST S2 S1 S2
Baseline -- ER ER ER+CTSATI ER+CTSHATI
ST’ ER -- ER CTSATI ER+CTS-ATI
S2’ ER ER -- ER+CTSHATI CTS+ATI
S1 ER+CTS+ATI CTSHATI ER+CTS+ATI -- ER
S2 ER+CTSATI ER+CTSATI CTSHATI ER --

109 Note: ER: Environmental Regulation; CTS: Carbon /$absidy; ATI: Advanced Technological
110 Innovation;
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Figure 1: Compreheagivodel framework
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Technological innovation with a subsidy/carbon tax system is effective up to a certain
level.

Implementing environmental regulations alone will hurt economic growth in China.
Technological innovation in the energy sector with a 5% air pollution reduction has better
environment-economy trade-offs

Promoting technological innovation in other key industrial sectorsis necessary



APPENDIX A

The following tables present the data for the variables used in the simulations.

TableAl
Input coefficientsto Usual Industry by Usual Industry (A1)
Agriculture, Forestry, Transport and Postal Waste Other
Anima Husbandry and  Services Treatment industries
Fishery
Agriculture, Forestry, Animal
Husbandry and Fishery 0.10292 0.04132 0.00000 0.02833
Transport and Postal 0.00725 0.03219 0.03676 0.02530
Services
Weste Treatment 0.00004 0.00000 0.24663 0.00035
Other industries 0.17149 0.34879 0.17321 0.40213




TableA2

Input coefficientsto Traditional Energy Industries by Usual Industry (A1)

Hydropower and Subcritical Production and Supply
Technology Power Supply of Gas
Agriculture, Forestry,
Anima Husbandry and
Fishery 0.00000 0.00000
Transport and Postal
Services 0.01237 0.14608
Weste Treatment 0.00000 0.00000
Other industries 0.20007 0.24115
TableA3
Input coefficientsto Energy Intensive Industries by Usua Industry (A1z)
Mining and Washing Manufacture of Raw  Manufacture of Pressing of
of Cod Chemica Materials  Non-metdlic Ferrous Metals
Smelting and and Products Minera Products  Metd products
Agriculture, Forestry,
Animal Husbandry 0.00759 0.02025 0.00372 0.00000
and Fishery
Transport and Postal  0.03760 0.02609 0.03001 0.02391
Services
Waste Treatment 0.00000 0.00088 0.02627 0.04476
Other industries 0.16815 0.17774 0.16879 0.25092




TableA4
Input coefficientsto usual industry by traditional energy industry (A,;)

Agriculture, Forestry,  Transport and Waste Other industries
Animal Husbandry Posta Services  Treatment
and Fishery

Hydropower and

Suberitical Technology  0.00361 0.00531 0.06216  0.02484

Power Supply

Production and Supply ~ 0.00002 0.00026 0.02473 0.00155

of Gas

Table A5

Input coefficientsto Traditional Energy Industry by Traditional Energy Industry (Aop)

Hydropower and Subcritical  Production and Supply of
Technology Power Supply Gas

Hydropower and

Subcritical Technology  0.16301 0.02142
Power Supply
Production and Supply  0.00000 0.21227

of Gas




Table A6

Input coefficientsto Energy Intensive Industry by Traditional Energy Industry (Axs)

Mining and Manufacture of Raw  Manufacture of Pressing of
Washing of Cod  Chemica Materias Non-metdlic Ferrous Metals
Smelting and and Products Mineral Products Metal products
Hydropower and
Subcritical Technology  0.05337 0.02129 0.02611 0.06372
Power Supply
Production and Supply ~ 0.00000 0.00496 0.00375 0.00572
of Gas
TableA7
Input coefficientsto Usual Industry by Energy Intensive Industry (Az;)
Agriculture, Forestry,  Transport and Waste Other
Anima Husbandry Postd Services Treatment industries
and Fishery
Mining and Washing of
Cod
smelting and 0.00019 0.00000 0.00125 0.00327
Manufacture of Raw
Chemica Materialsand
Products 0.03877 0.03144 0.10450 0.03085
Manufacture of Non-
metallic Mineral Products  0,00034 0.00158 0.00460 0.04292
Pressing of Ferrous Metals
0.00004 0.00073 0.09241 0.06096

Metal products




TableA8
Input coefficientsto Traditional Energy Industry by Traditional Energy Industry (Az,)

Hydropower and Subcritica Production and

Technology Power Supply Supply of Gas
Mining and Washing of Coa
Smelting and 0.22063 0.00160
Manufacture of Raw Chemical
Materials and Products 0.00204 0.02440
Manufacture of Non-metallic
Minera Products 0.00058 0.01491
Pressing of Ferrous Metals

0.00013 0.00848

Metal products




TableA9
Input coefficientsto Energy Intensive Industry by Traditional Energy Industry (Azs)

Mining and Manufacture of Raw  Manufacture of Pressing of
Washing of Chemica Materials  Non-metalic Ferrous Metds
Cod and Products Minera Products Meta products
Smelting and

Mining and Washing

of Cod

Smelting and 0.12370 0.01008 0.22037 0.03549

Manufacture of Raw

Chemica Materials

and Products 0.02414 0.37122 0.10713 0.03658

Manufacture of Non-

metallic Mineral

Products 0.00580 0.00557 0.05760 0.00880

Pressing of Ferrous
Metals 0.00425 0.00327 0.00423 0.27408
Metal products




TableAl

Government consumption ( C_Lg), export (E,) in base year, depreciation rate §;, indirect tax rat t; and value-

added rate V;

cI E, depreciation Indirecttax ~ value-added

(Millionyuan)  (Million yuan) rate d; rate ; rate V,
Agriculture, Forestry, Animal

. 283511.24196  195141.94131 0.002287 0.002287 0.675328
Husbandry and Fishery
) 495736.47053  47524.61010 0.056729 0.056729 0.53837

Transport and Postal Services
Waste Treatment 0.00000 3299.04028 0.099023 0.099023 0.253745
Other Industries 9394350.51666 13550389.13133 0.071022 0.071022 0.379496
Hydropower and Subcritical 0.00000 1031.99974 0.058476 0.058476 0.401152
Technology Power Supply
Production and Supply of Gas  0.00000 287866.72772  0.041121 0.041121 0.329688
Mining and Washing of Coal  0.00000 3145.77519 0.106606 0.106606 0.575383
Manufacture of Raw

0.00000 484944.07131 0.071555 0.071555 0.35866
Chemica Materials and
Products
Manufacture of Non-metalic  0.00000 89741.84481 0.061219 0.061219 0.352016
Mineral Products
Smelting and Pressing of 0.00000 60451.23377 0.054497 0.054497 0.256036

Ferrous Metds






