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Executive Summary

After over two decades of staggering economic growth and soaring energy demand, China has started
taking serious actions to reduce its economic energy and carbon intensity by setting short and medium-
term intensity reduction targets, renewable generation targets and various supporting policies and
programs. In better understanding how further policies and actions can be taken to shape China’s future
energy and emissions trajectory, it is important to first identify where the largest opportunities for
efficiency gains and emission reduction lie from sectoral and end-use perspectives. Besides
contextualizing China’s progress towards reaching the highest possible efficiency levels through the
adoption of the most advanced technologies from a bottom-up perspective, the actual economic costs
and benefits of adopting efficiency measures are also assessed in this study.

This study presents two modeling methodologies that evaluate both the technical and economic
potential of raising China’s efficiency levels to the technical maximum across sectors and the subsequent
carbon and energy emission implications through 2030. The technical savings potential by efficiency
measure and remaining gap for improvements are identified by comparing a reference scenario in which
China continues the current pace of with a Max Tech scenario in which the highest technically feasible
efficiencies and advanced technologies are adopted irrespective of costs. In addition, from an economic
perspective, a cost analysis of selected measures in the key industries of cement and iron and steel help
guantify the actual costs and benefits of achieving the highest efficiency levels through the development
of cost of conserved energy curves for the sectors.

The results of this study show that total annual energy savings potential of over one billion tonne of coal
equivalent exists beyond the expected reference pathway under Max Tech pathway in 2030. CO,
emissions will also peak earlier under Max Tech, though the 2020s is a likely turning point for both
emission trajectories. Both emission pathways must meet all announced and planned policies, targets
and non-fossil generation targets, or an even wider efficiency gap will exist. The savings potential under
Max Tech varies by sector, but the industrial sector appears to hold the largest energy savings and
emission reduction potential. The primary source of savings is from electricity rather than fuel, and
electricity savings are magnified by power sector decarbonization through increasing renewable
generation and coal generation efficiency improvement. In order to achieve the maximum energy
savings and emission reduction potential, efficiency improvements and technology switching must be
undertaken across demand sectors as well as in the growing power sector.

From an economic perspective, the cost of conserved energy analysis indicates that nearly all measures
for the iron and steel and cement industry are cost-effective. All 23 efficiency measures analyzed for the
cement industry are cost-effective, with combined CO, emission reduction potential of 448 Mt CO,. All
of the electricity savings measures in the iron and steel industry are cost-effective, but the cost-effective
savings potential for fuel savings measures is slightly lower than total technical savings potential. The
total potential savings from these measures confirm the magnitude of savings in the scenario models,
and illustrate the remaining efficiency gap in the cement and iron and steel industries.
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1. Introduction

After over two decades of staggering economic growth and soaring energy demand, China began taking
serious actions to reduce both its economic energy intensity (energy consumption per unit of gross
domestic production) and carbon intensity (CO, emissions per unit of GDP). The 11" Five Year plan
target of reducing economic energy intensity by 20% from 2006 to 2010 was followed by new and
revitalized policies and programs to improve efficiency across all sectors. In November 2009, China also
announced a commitment to reduce its carbon intensity by 40% to 45% below 2005 levels by 2020.
Recent reports suggest that the 11™ FYP target has been met, and that energy and carbon intensity
targets will also be announced for the 12 FYP period of 2011-2015. Against this backdrop of short and
medium-term targets for reducing energy demand and emissions, it is important to consider where the
largest opportunities for efficiency gains and emission reduction lie from sectoral and end-use
perspectives and how they may contribute to the achievement of these targets. At the same time, it is
also important to contextualize the targets in terms of how far it will place China in attaining the highest
possible efficiency levels and adopting the most advanced technologies.

In order to understand China’s possible energy and emission pathways through 2030, this study uses a
bottom-up, end-use model and two scenarios to represent energy supply and demand sectors. From a
technical perspective, a reference scenario in which China continues the current pace of improvements
is compared with a Max Tech scenario in which the highest technically feasible efficiencies and advanced
technologies are adopted (irrespective of costs) to identify savings potential by measure and the
remaining gap for improvements. In addition, from an economic perspective, a cost analysis of selected
measures in the key industries of cement and iron and steel help quantify the actual costs and benefits
of achieving the highest efficiency levels through the development of cost of conserved energy curves
for the sectors.

This study presents two modeling methodologies that evaluate both the technical and economic
potential of raising China’s efficiency levels to the technical maximum across all sectors and the
subsequent carbon and energy emission implications through 2030. After an in-depth review of the
modeling methodologies and the two scenarios adopted for evaluating savings potential, the
macroeconomic outlook on China’s energy and emissions trajectories is analyzed. Next, detailed
characterization of each economic sector (residential, commercial, industrial, transport) in terms of key
energy drivers, technology and efficiency trends as well as key underlying parameters for the power
sector are presented. The resulting sectoral energy and emissions trajectories to 2030 are then
discussed, with particular focus on the energy savings and emission reduction potential from an end-use
or subsector level. Finally, the cost analysis of measures in the three selected industrial subsectors
provides economic grounding to the technical analysis of industrial efficiency gains.

2. Methodology

The basis for evaluating China’s future energy and emissions trajectory and the span of cross-sectoral
efficiency gains lies in a bottom-up, end-use model of the Chinese economy to 2030. By adopting an



end-use approach to energy and emissions modeling, this study is able to separate out and decompose
different magnitudes of potential efficiency gains by sector and by technology. At the same time,
scenario analysis enables the modeling of a pathway where efficiency improvements are maximized
across sectors to reach the highest technically feasible levels by 2030 in order to assess the combined
effects of efficiency on energy and emissions reduction. In addition, a separate cost analysis of efficiency
measures in the selected industrial sectors of cement, and iron and steel is conducted to provide a more
in-depth look at the costs of conserved energy in industry. The China Energy End Use model, modeling
scenarios adopted and cost analysis methodology is described in detail below.

2.1 China Energy End Use Model

Since 2005, the China Energy End Use Model has been continually extended and improved by the China
Energy Group and used for various types of policy analysis. The foundation for the model is an
accounting framework of China’s energy and economic structure using the LEAP (Long-Range Energy
Alternatives Planning) software platform developed by Stockholm Environmental Institute. Using LEAP,
the China Energy End Use Model captures diffusion of end use technologies and macroeconomic and
sector-specific drivers of energy demand as well as the energy required to extract fossil fuels and
produce energy and a power sector with distinct generation dispatch algorithms. This model enables
detailed consideration of technological development—industrial production, equipment efficiency,
residential appliance usage, vehicle ownership, power sector efficiency, lighting and heating usage—as a
way to evaluate China’s energy and emission reduction development path below the level of its macro-
relationship to economic development.

Within the energy demand module, the model is able to address sectoral patterns of energy
consumption in terms of end-use, technology and fuel shares including trends in saturation and usage of
energy-using equipment, technological change including efficiency improvements and complex linkages
between economic growth, urban development and energy demand. For this study, refinements were
made to the residential, commercial, industrial, and transport energy demand sectors, including
calibrating energy data to 2008 or 2009 using newly revised national statistical data, incorporating newly
reported targets for technical change such as equipment energy efficiency standards and rail
electrification targets, and in-depth analysis of maximum technically feasible efficiency levels for each
end-use. Detailed descriptions of the basis for sectoral energy demand drivers and future technology
outlook trends by sector are provided in later sections.

From the supply side, the transformation sector in the model represents energy production subsectors
such as oil refining, oil extraction, coking, coal mining, natural gas extraction and power generation. The
energy production subsectors accounts for energy input to extracting different types of energy output,
and is linked to the demand module. Similarly, following specified power sector module parameters, the
model uses algorithms to calculate the amount and type of capacity required to be dispatched to meet
the final electricity demand from the economic sectors. Specifically, the China Model uses an
environmental dispatch order for generation, which favors non-fossil generation and reflects dispatch
priority policies that are being considered in China. In the model, nuclear, wind, hydropower and other
non-fossil generation are dispatched first, with coal generation dispatched last to meet all remaining



electricity demand. Coal generation is further distinguished into six categories by size and efficiency,
ranging from less than 100 MW generation units with average efficiency of 27% to greater than 1000
MW ultra-supercritical generation units with average efficiency of 44%. The model follows merit order
dispatch for coal generation, where the largest and most efficient units are dispatched first to represent
efficiency gains from structural shift to newer, larger-scale generation and mandated retirement of small,
outdated generation units. China’s announced targets for renewable generation and nuclear capacity
expansion are used as the basis in setting the installed generation capacity.

2.2 Model Scenarios

In order to assess efficiency gains in terms of energy savings and CO, mitigation potential by measure
and by sector, two key scenarios were developed, the Reference and Maximum Technology (Max Tech)
scenarios. Both scenarios share the same demographic and macroeconomic characteristics in terms of
population, urbanization and GDP growth as well as subsector drivers of energy demand such as
building floorspace, car ownership and industrial production. They differ primarily in efficiency
improvements as measured by terms such as equipment unit energy consumption (kWh/year) or energy
intensity per ton of industrial product output, as well as technology mix (such as electric vehicles and
more efficient electric arc furnaces for iron and steel) and fuel mix.

In particular, the reference scenario was developed to represent a pathway in which the Chinese
economy continues a moderate pace of “market-based” improvement in all sectors and adopts all
announced policies and goals related to efficiency improvement, such as continuing recent pace of
appliance standard revisions and meeting the 2020 goal of 50% rail electrification. Unlike a frozen
scenario, which is unrealistic given China’s recent commitments to energy and carbon intensity
reductions, the reference scenario reflects what is likely to happen and thus serves as the baseline for
measuring savings from efficiency improvements.

The Max Tech scenario serves an alternative pathway for development in which efficiency
improvements are maximized to the highest technical potential across end-uses in the residential,
commercial, industrial, and transport sectors by 2030 as a result of aggressive policies and programs. By
serving as the maximum technically feasible level of efficiency, the Max Tech scenario sheds light on the
highest potential for efficiency gains from the reference scenario. The Max Tech scenario only takes
technical feasibility into consideration and does not consider current economics of the technology such
as high costs or commercial deployment barriers. For specific end-uses such as residential appliances,
heating and cooling equipment and transport vehicles, the Max Tech scenario means adopting the best
known efficiency level that is technically feasible or the saturation of cutting edge technology such as all
electric vehicles or organic light-emitting diode televisions that are not yet commercially deployed by
2030. For other energy consuming processes such as the various industrial production processes, the
Max Tech scenario embodies the adoption of current international best practice average energy
intensity levels before 2030. For the power sector, the Max Tech scenario reflects a more aggressive,
policy-driven approach to expanding renewable and non-fossil generation that is beyond the current
pace.



The key similarities and differences between the two scenarios are highlighted in the table below. More
detailed discussion of scenario assumptions, energy and CO, emissions outlook and savings potential are
provided in later sections. In almost all instances, improvements in efficiency and technology mix in both

scenarios are expected to occur linearly over time without time-specific changes in efficiency. For

example, the strengthening of renewable and nuclear generation is expected to occur in a linear rather

than stair-stepping fashion between 2010 and 2030. Consequently, the results of the scenario modeling

should not be seen as providing short-term forecasts, as actual deployment of technology and efficiency

gains will not likely occur in the smoothed path to 2030 employed in this study.

Table 1 Key Differences between Reference and Max Tech Scenarios

Reference Scenario

Max Tech Scenario

Macroeconomic Parameters

Population in 2030 1.46 Billion 1.46 Billion
Urbanization Rate in 70% 70%
2030
GDP Growth
2010-2020 7.7% 7.7%
2020-2030 5.9% 5.9%

Residential Buildings

Appliance Efficiency

Moderate efficiency improvements and
Best Practice levels for new equipment
are not reached until after 2030

Improvement of new equipment to Max
Technology efficiency levels by 2030

Commercial Buildings

Heating Efficiency Moderate Efficiency Improvement by Current International Best Practice by 2020
2020
Cooling Efficiency Current International Best Practice is Current International Best Practice by 2020

reached after 2030

Water Heating, Lighting
and Other Equipment
Efficiency

Continuous improvement as a result of
technology switching and technology
efficiency improvements over time

More aggressive improvements in efficiency
to meet highest technically feasible level of
efficiency and greater technology switching

Transport Sector

ICE Efficiency
Improvements

Moderate efficiency improvements in
fuel economy of aircrafts, buses, cars,
and trucks through 2030

Accelerated efficiency improvements in fuel
economy of aircrafts, buses, cars and trucks
to 2030

Electric Vehicle
Penetration

Moderate electric vehicle penetration to
10% by 2030

Accelerated electric vehicle penetration to
25% by 2030

Rail Electrification

Continued rail electrification from 60%
in 2020 to 63% in 2030

Accelerated rail electrification from 60% in
2020 to 68% in 2030




Power Sector

Thermal Efficiency
Improvements

Coal heat rate drops from 320 to 257
grams coal equivalent per kilowatt-hour
(gce/kWh) in 2030

Coal heat rate drops from 320 to 247
(gce/kWh) in 2030

Renewable Generation
Growth

Installed capacity of wind, solar, and
biomass power grows from 2.3 GW in
2005 to 355 GW in 2030

Installed capacity of wind, solar, and
biomass power grows from 2.3 GW in 2005
to 441 GW in 2030

Demand Side Reduction
through Efficiency

Total electricity demand reaches 6900
TWh in 2030

Total electricity demand reaches 5200 TWh
in 2030

Industrial Sector

Cement

Meet 2005 world best practice of 0.101
tce/ton cement for Portland cement by
2025.

Meet 2005 world best practice of 0.101
tce/ton cement for Portland cement by
2020.

Iron & Steel

19% production from EAF by 2030, with
declining energy intensity in both EAF
and BOF.

26% production from EAF by 2030, with
faster decline in energy intensity in both EAF
and BOF.

Aluminum Reach current U.S. shares of 65% Reach target of 20% primary production and
primary and 35% secondary production 80% secondary production by 2030. Reaches
by 2030 and Chinese target of 20% best practice final El of 2.41 tce/ton for
primary and 80% secondary production primary and 0.085 tce/ton for secondary
shares. Reaches final El of 3.44 tce/ton production by 2030.
for primary and 1.3 tce/ton for
secondary production by 2030.

Paper China reaches energy intensity China reaches current world best practice
(weighted by current production energy intensity (weighted by current
process and output shares) of 0.547 production process and output shares) of
tce/ton by 2030 0.426 tce/ton by 2030

Ammonia China reaches energy intensity of 1.402 China achieves all targets set forth in 11th
tce/ton output by 2030. FYP through 2020, with continued decline in

energy intensity to 0.901 tce/ton output by
2030.

Ethylene China meets energy intensity targets China meets current world best practice
through 2020 as set forth in 11th FYP, energy intensity of 0.478 tce/ton of output
and reaches energy intensity of 0.559 by 2025.
tce/ton of output by 2030

Glass China reaches a national average energy | China reaches a national average equal to
intensity of 0.298 tce/ton of output by Shandong Top 1000 best practice energy
2030. intensity (~current US intensity of 0.262

tce/ton) by 2030.
Other Industry ~50% decline in other industry Additional 20% efficiency gain by 2030 due

economic energy intensity (kgce/value
added GDP) from current levels due to
some efficiency gains and continued
economic development (shift to higher
value-added production) in trends
consistent with other developed
countries

to maximized technological improvements in
motors for manufacturing industries and in
balance of system (e.g., heat exchangers,
condensers, pumps, etc.) in chemical and
other industries




3. Macroeconomic Outlook

Besides sector specific drivers and technology trends, factors such as gross domestic product (GDP)
growth rates, labor force structure, population growth and settlement patterns all have important
linkages to China’s future energy demand and CO, emissions. The compounded effects of these
macroeconomic drivers on energy and CO, emissions are not directly apparent but rather, are
manifested in the different sectoral outlooks. The macroeconomic parameters and drivers described
below are assumed to be the same for both scenarios in this study.

3.1 Macroeconomic Drivers

As a key macroeconomic variable, GDP growth directly affects industrial production and trade as well as
household income which in turn drive household energy usage, consumption patterns and transport
demand. GDP growth also impacts China’s labor market and structure, with the expansion of service-
sector oriented employees driving commercial floorspace demand. In the model, the same growth rates
are assumed for both scenarios but change over time to reflect China’s maturing economy and shift
away from industrialization. Specifically, fast economic growth is expected to continue from 2010 to
2020 at annual average growth rate of 7.7% before slowing down to 5.9% between 2020 and 2030.

Given China’s significant population size, population growth and urbanization is the other major force
shaping China’s development and energy pathways. Using United Nation’s World Population Prospects
and published Chinese urbanization outlook, 360 million new residents will be added from now to 2030.
China is expected to reach an urbanization rate of 50% within the next year with 70% of the population
living in cities by 2030 (Figure 1). The influx of new urban residents will add new mega-cities and second-
tier cities that require new infrastructure and buildings (Figure 2). In addition to the indirect energy use
for producing building materials such as cement and steel to support infrastructure development, new
cities will also drive commercial and residential demand for energy services and spur inter- and intra-city
transport activity.



Figure 1. China's Population and Urbanization Outlook
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Figure 2. China's Commercial and Residential Building Floorspace Outlook
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3.2 Macro-level Energy Findings

Total primary energy demand will rise from current levels under both scenarios, but at markedly
different paces over the next twenty years. Under the reference scenario, total primary energy demand
will continue growing at annual average rate of 2.6% from 2010 to 2020 before slowing to 1.0% annual
growth after 2020 (Figure 3, left). The Max Tech scenario follows a very different trend with slower
annual average growth of 1.4% to 2020, and then decline at an annual rate of -0.3% to 2030 (Figure 3,
right). Unlike the reference scenario, total primary energy use under Max Tech reaches a peak before



2030 at 3790 Mtce. Primary energy savings from 2010 to 2030 under the Max Tech scenario total 10.5
billion tonnes of coal equivalent.

Figure 3. Total Primary Energy Demand Outlook by Fuel, Reference and Max Tech Scenarios
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In terms of fuel consumed, the declining primary energy demand in the Max Tech scenario can be traced
back to coal’s decline as the major primary energy fuel. Coal as a primary energy fuel actually peaks
early and contributes to only 39% of total energy demand by 2030 under Max Tech, but stays relatively
constant under the reference scenario. In contrast, natural gas, petroleum and primary electricity all rise
in absolute value and in shares of total primary energy demand in both scenarios. The decline in coal as
a primary energy fuel can be attributed mostly to the transformation sector, since very little coal is used
directly by end-use sectors such as agriculture, industry, commercial and residential sectors. Of the
transformation end-uses, coal demand for electricity generation flattens under the Reference scenario
but declines rapidly after peaking in the Max Tech scenario due to increased installed capacity and
dispatch of low carbon and renewable generation as well as overall electricity demand reduction. By
2030, the annual reduction in coal used for electricity generation under the Max Tech scenario is as high
as 691 Mtce.



Figure 4. Coal Demand by End-use, Reference and Max Tech Scenarios
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From a sectoral perspective, the two scenarios are similar in the sectoral trends of primary energy
consumption out to 2030, with industry declining after 2010 but still dominating the majority of energy
use with greater than 50% share (Figure 5). In absolute terms, the Max Tech scenario achieves most of
its primary energy reduction in the industrial sector, with annual reduction of 596 Mtce by 2030,
followed by smaller reductions in commercial, residential and transport sectors. Additionally,
commercial and transport are two sectors with rising primary energy use at an annual average rate of
over 4% from 2010 to 2030.

Figure 5. Total Primary Energy Demand Outlook by Sector, Reference and Max Tech Scenario
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3.3 Macro-level CO, Emissions Findings
Under the Max Tech scenario, the emissions peak of 8504 million tonnes (Mt) of CO, is more
accentuated with emissions declining rapidly at -2% per year peaking to a 2030 total that is lower than



current emissions (Figure 6, right).This decline achieves annual reduction of 2.9 billion tonnes of CO,

emissions by 2030, or one-third of total reference emissions in 2030. The Max Tech scenario’s emission

reduction relative to the reference scenario is possible in spite of growing emissions from the transport

sector. As is the case with primary energy use, the industrial sector contributes 58% of the emission
reductions under the Max Tech scenario, followed by commercial with 17%, residential with 13% and

transport with 11% in 2030.

Figure 6. CO, Emissions Outlook by Sector, Reference and Max Tech Scenarios
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In terms of fuel source, the vast majority of the emission reduction is in coal-related emissions, followed

by a much smaller contribution from petroleum emissions (Figure 7). The cumulative CO, reduction
under the Max Tech scenario from 2010 to 2030 is 30.9 billion tonnes of CO,.

Figure 7. CO, Emissions Outlook and Max Tech Savings by Fuel
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4q, Residential Sector Outlook and Analysis

Residential energy demand is driven simultaneously by urbanization and growth in household incomes.
Whereas urban households tend to consume more energy than rural households, particularly in non-
biofuels, household income growth also affects the size of housing units and subsequent heating and
cooling loads, and increase in ownership and use of energy-consuming equipment such as appliances,
lighting and electronics.

4.1 Key Assumptions and Technology Outlook

4.1.1 Basis for Residential Energy Demand Outlook

With respect to the basis for rising residential energy demand, key assumptions underlying the
reference and max tech scenario include household size, residential floorspace per person, and
ownership of key energy-consuming appliances. In terms of household size, international experience has
shown that household size tends to decline with rising income and urbanization. Combined with China’s
“One Child Policy”, the average urban household size is expected to decline from current levels of 3
persons per household to 2.8 in 2030 while rural households will decline from 4 persons per household
to 3.5 in 2030. Following the path of gradual increases in per capita floorspace in developed countries
since the 1970s, China’s per capita floorspace is expected to continue rising from about 32 m*/person in
2010 to 39 mz/person in 2030 for both urban and rural residents. The decline in household size leads to
an increase in the total number of households which, together with the increase in living area, will
multiply the contribution of energy demand from households.

As seen in Figure 8, Chinese urban appliance ownership exploded in the early 1990s. In forecasting
future ownership trends for the largest household energy-consuming appliances, an econometric model
correlating historical ownership rates to incomes and using these to predict future trends is used.
Significant growth in ownership, especially in the rural sector, is expected and saturation effects will
become important in urban households in the near future. Once nearly every household owns a
refrigerator, a washing machine, air conditioners and other appliances, growth in per household
electricity consumption will slow. Some growth is assumed to continue as incomes continue to rise,
resulting in increased usage (especially air conditioners), larger refrigerators, more lighting and more
devices using standby power. Meanwhile, space heating intensity and usage also increases with
dwelling area and wealth. In addition, the model takes into account prevailing trends in space heating
equipment choice, such as an increase in the use of electric heat pumps in the Transition climate zone,
and the phase-out of coal boilers.
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Figure 8. Historical and Projected Urban Appliance Ownership
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4.1.2 Efficiency Improvement and Technology Outlook

Opportunities for reducing energy consumption in households primarily fall in the improvement of
equipment efficiency, which rises as the stock turns over and newer, more efficient units replace the
retirement of old, inefficient units. In recent years, minimum energy performance standards (MEPS) and
voluntary and mandatory energy labeling have driven equipment efficiency improvements in China and
is expected to continue in the future. The current schedule of Chinese MEPS standards, with revisions
occurring every 4 to 5 years, is taken into account explicitly in the development of the reference and
max tech scenarios and is specific to each type of equipment.

Appliance Technology Outlook

Room Air Conditioners

Room air conditioner usage is expected to increase significantly with rising household incomes, as
illustrated by the boom in ownership since the mid-1990s. In recognition of this, air conditioner MEPS
were implemented in 1999 and revised in 2004 and 2010 in China. The reference scenario thus expects
the current pace of revisions to continue, reaching an Energy Efficiency Ratio (EER) of 4 by 2030. Under
the Max Tech scenario, MEPS revisions are expected to accelerate after 2010 and reach the maximum
technically feasible EER of 6 by 2030.

Standby Power

For standby power, the assumed standby electricity consumption per plug-load is expected to decrease

as more product MEPS begin to include maximum standby power consumption requirements for the
regulated product. Under the reference scenario, per unit standby power consumption is reduced by 80%
from the base level to 1 watt by 2030. The Max Tech scenario considers a much lower per unit standby
power consumption of only 0.1 W by 2030.

12



Fans

As an alternative to room air conditioners, fans have already saturated in terms of ownership and
relatively small incremental improvements in efficiency are expected as a result of further MEPS
revisions. The reference scenario assumes unit energy consumption will drop from the base level of 10
kWh/year to 8.7 kWh/year by 2030, while Max Tech assumes greater reductions to 6.1 kWh/year by
2030.

Refrigerators

New MEPS were recently implemented for refrigerators and the expected efficiency gains are modeled
in both the reference and Max Tech scenario, with an 11% and 15% improvement in unit energy
consumption between 2010 and 2020, respectively. After 2020, the Max Tech scenario will reflect more
aggressive efficiency improvements of 40% from 2020 level by 2030, compared to only 20% in the
reference scenario. In both scenarios, the average size of refrigerators grows over time.

Televisions

Unlike other appliances, efficiency improvements in televisions are expected as a result of both MEPS
and technology shift towards more efficient TVs illuminated by Light-Emitting Diodes (LED) instead of
Cold Cathode Fluorescent Lamps (CCFL) used in most LCD televisions. Since China introduced flat panel
television MEPS in December 2010, both scenarios assume the same pace of MEPS revisions. Specifically,
televisions are expected to reach efficiency levels similar to U.S. EnergyStar version 3 specifications as a
result of the 2010 standard and subsequent revisions (typically every four years) will achieve
approximately half of the efficiency gains from EnergyStar version 4 and 5 specifications. By 2026, both
scenarios will meet EnergyStar v.5 specifications with 35% efficiency gain. In addition to efficiency gains
from MEPS, television efficiency is also expected to rise over time as a result of the technology shift
towards LED and cutting-edge organic LED illuminated displays, which are 40% more efficient than CCFL-
LCD TVs. Based on published market forecasts, the relative share of LCD televisions that are OLEDs is
expected to reach 50% by 2030 since it will take a few years for the technology to be commercially
deployed under the reference scenario, and 100% by 2030 under the Max Tech scenario.

Clothes Washers

Efficiency gains for clothes washers largely result from MEPS revisions, with 15% improvement from
current levels by 2030 under reference and nearly 50% improvement by 2030 under the Max Tech
scenario.

Residential Heating Technology Outlook

For residential space heating, three technologies are considered including gas boilers, heat pumps, and
electric heaters. Gas boilers under the reference scenario is expected to reach 88% efficiency by 2030,
with 88% efficiency accelerated to 2020 and the highest technically feasible efficiency of 99% by 2030
under Max Tech. For heat pumps, the coefficient of performance (COP) is expected to reach 2.6 by 2030
under the reference scenario and the highest known COP of 4 by 2030 under Max Tech. Lastly, small
efficiency improvements of 5% and 14% are expected for electric heaters under the reference and Max
Tech scenarios, respectively.

13



Residential Lighting Outlook

As with televisions, residential lighting efficiency improvements are also the product of technology shift
to LED and advanced LED lighting technology, as well as incremental efficiency improvements within LED
technology. Under both scenarios, the proposed phase-out of incandescent lighting will be implemented
before 2030 and CFLs will dominate lighting in the short term. Over the long-term, LEDs are assumed to
replace 50% of CFLs by 2030 under reference scenario, and 100% under Max Tech. In addition, within
LEDs, the Max Tech scenario assumes growing technology shares of more efficient advanced LEDs that
use 4.7 kWh/year instead of 7.6 kWh/year after 2015 to 100% advanced LEDs by 2030.

Residential Cooking Outlook
Both electric and gas stoves are assumed to improve by 18% from now to 2030 under reference scenario,
and by a much higher 54% under the Max Technology scenario.

Residential Water Heating Technology Outlook

Residential water heating is comprised of electric and gas water heaters, both of which are expected to
improve as a result of MEPS revisions. For gas water heaters, the energy factor is assumed to improve
from 0.86 to 0.92 by 2030 under the reference scenario, a level comparable to the U.S. Department of
Energy’s assumed Best Available Technology in the most recent last water heating standard setting
process. Under Max Tech, the energy factor increases to 0.96 by 2030, a maximum technically feasible
level.

For electric water heaters, continued efficiency improvements as a result of efficiency standards and
labeling programs are expected through 2020 under reference and Max Tech, with the energy factor
rising from current level of 0.76 to 0.88 and 0.95 in 2020, respectively. From 2020 to 2030, a technology
switch from electric water heaters to heat pump water heaters with energy factor of 2.5 is expected to
bring significant energy savings in both scenarios.

Household Other End-Use Energy Intensity Trends

In order to account for growing ownership and active use of miscellaneous end-uses such as hot water
dispensers, entertainment electronics such as DVD players and stereo systems, rice cookers, microwaves,
computers and printers, the “other end-use” category was created. Under both scenarios, other end-use
energy intensity in urban households is expected to rise from 400 kWh per year per household to 730
kWh per year per household in 2030, or 2 kWh per day. Rural household other end-use energy intensity
is expected to remain lower than urban households, with 50% lower growth through 2030.

4.2 Residential Sector Energy and CO, Emissions Findings

As Figure 9 shows, residential primary energy demand will not peak before 2030 under the reference
scenario with rapid growth of 2.7% per year through 2020 and then slowing down to only 0.5% per year
by 2030. This slowing of growth is largely due to saturation effects, as the process of urbanization will be
largely complete and most households will own all major appliances by 2030. The impact of the
aggressive efficiency improvements under the Max Tech scenario is to both cap demand growth in the
residential sector and to achieve a reduction in total energy demand after 2020. Under Max Tech,
residential primary energy demand peaks after growing at 1.6% per year and reaches a significantly
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lower level of 23% lower than the reference case by 2030, after declining at nearly 1% per year after
2020. Effects of this magnitude in any sector are significant, and show that policy actions taken now to
cap energy intensity in non-industrial sectors can contribute greatly to China’s ability to cap energy
demand in the long term. In terms of primary fuel, coal for electricity and steam is increasingly replaced
by primary electricity and natural gas with only 35% coal share of primary energy under the
decarbonized and more efficient Max Tech scenario.

Figure 9. Residential Primary Energy Consumption by Fuel, Reference and Max Tech Scenario
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Within the residential sector, primary energy demand growth is driven primarily by space heating and
appliances, which together comprise of 60% to 62% of total demand under the two scenarios (Figure 10).
Under the reference scenario, space heating energy use grows at 3% from 2005 to 2030 while

appliances grow at a slower 1.6% through 2030 due to more efficiency improvements and increased
equipment saturation. While space heating grows at a slightly lower annual average rate of 2.6% in Max
Tech relative to reference, the growth of energy use from appliances is much slower with only 0.8% due
to more aggressive efficiency improvements and technology switching. After initial growth between
2010 and 2020, energy use from water heating, cooking, and other uses are relatively constant after
2020.

15



Figure 10. Residential Primary Energy Consumption by End-Use
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As a result of the significant decline in coal primary energy demand under Max Tech, residential CO,
emissions actually plateaus after 2010 and declines rapidly after 2020 (Figure 11). In contrast, reference
residential CO, emissions continue rising at annual average rate of 1.5% before peaking at 1.2 billion
tonnes and then declining slowly through 2030. Because CO, emissions growth is capped after 2010
under Max Tech, the 2030 annual residential emissions under Max Tech is 35% lower than under
reference with cumulative reduction of 4.6 billion tonnes of CO,.

Figure 11. Residential CO, Emission Trajectories of Reference and Max Tech Scenarios
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4.3  Analysis of Residential Savings Potential

The energy savings opportunity in the residential sector varies across end-uses, with appliances having
the largest savings potential followed by space heating and cooking over time (Figure 12). The high
savings potential for appliances in 2030 can be traced back to major residential energy consuming end-
uses including refrigerators and air conditioners, as well as aggressive efficiency improvements such as
in OLED televisions and standby power (Figure 13).

Although appliances do not have the largest share of residential energy consumption, they continue to
be responsible for nearly half of all savings through 2030. Of all the appliances included in the model,
refrigerators have the greatest electricity savings potential with a 37% share of total savings in 2030,
followed by air conditioners at 24% and clothes washers at 22% (Figure 14). Refrigerators and air
conditioners have the largest energy savings potential because they are the two largest energy
consuming appliances within households so small relative efficiency gains can translate into large
absolute energy savings. In contrast, televisions have smaller savings potential because their unit energy
consumption is lower and they are already relatively efficient under the reference case with 50% of all
televisions being OLEDs by 2030.

Space heating is responsible for the most energy use but has the second highest energy savings
potential, with a 26% share in 2030. This is due to the smaller incremental efficiency gain between
reference and Max Tech scenario, with gas boiler efficiency increasing from 88% by 2030 to 99% under
Max Tech and heat pump energy factor increasing from 2.4 to 4 from reference to Max Tech. Cooking,
lighting and other uses have the next three largest efficiency savings potential, with water heating
having the smallest savings potential in the residential sector.

Figure 12. Residential Primary Energy Use Savings Potential by End-Use
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Figure 13.

Residential Primary Energy Use (Mtce)
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Figure 14. Max Tech Appliance Electricity Savings by Product
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5. Commercial Sector Outlook and Analysis

As China continues on its economic development path and the structural shift away from heavy industry
towards service-oriented economy quickens, the commercial sector will become an increasingly
important sector and a larger energy consumer than today.

5.1 Key Assumptions and Technology Outlook

5.1.1 Basis for Commercial Energy Outlook

Commercial building energy demand is the product of two factors: building area (floor space) and end
use intensity (MJ per m?). Forecasting commercial building floor space requires an understanding of the
drivers underlying the sector’s recent growth and where these trends are likely to be heading. In our
analysis, commercial floor space is determined by the total number of service sector employees, and the
area of built space per employee. This approach differs from the conventional assumption that
commercial floor space grows with GDP, which we consider to be unrealistic. According to national
statistics, the fraction of Chinese workers employed in the tertiary sector increased from 27% in 2000 to
32% in 2006, an increase of 19% in just 6 years. When these numbers are corrected to include the
number of unregistered workers likely to be working in urban service sector businesses, the current
fraction is estimated to be 43%. As a general rule, as economies develop, employment shifts away from
agriculture and industry toward the service sector, and this trend is expected to continue in China
leading to further increases in commercial building floor space. The potential for growth is not unlimited,
however. Chinese population is expected to peak by about 2030. Furthermore, the population is aging,
so that the number of employees will peak closer to 2015. By comparing Chinese GDP per capita to that
of other countries, we estimate that the tertiary sector share of workers will reach 52% by 2030. Under
these assumptions, the total number of tertiary sector employees will increase by only about 33% by
2030 compared to 2005. Floor space per employee has some room to grow: we forecast an increase of
about 25% by 2030. Overall commercial floor space may likely only double by 2050, and construction in
this sector may already be approaching its peak (Figure 15).
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Figure 15. Change in Commercial Floorspace
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Commercial sector energy demand growth is therefore likely to arise much more from intensity
increases than overall floor area growth. Chinese energy use per square meter is still relatively low. Due
to the presence of (often unmetered) district heat, space heating intensity in cold climates in China is
already comparable to that in Japan so space heating usage is not expected to increase. However, space
cooling, lighting and equipment energy is only a fraction of the Japanese level so growth will continue.
As an example, the forecasted energy intensity per square meter for office buildings from 2005 to 2030
is illustrated in Figure 16.

Figure 16. Office Buildings Energy Intensity by End-Use
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5.1.2 Efficiency Improvement and Technology Outlook

Similar to the residential sector, opportunities for energy efficiency gains in the commercial sector also
center on improving the end-use efficiency of heating, cooling, lighting, water heating, and other
equipment. By increasing the efficiency of each end-use through policies such as standards, the energy
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needed to meet the end-use energy intensity demands for a given type of commercial building is
lowered. For example, the rising use of more efficient lighting in office buildings will lower the total
energy needed to provide the 2030 lighting energy intensity of 123 kWh/m?/year. Specific assumptions
about efficiency improvement and technology outlook in the commercial sector are described below.

Space Heating
Space heating efficiency gains under the Max Tech scenario arise from both technology switching and

technology-specific efficiency improvements. The most notable change is in the greater floorspace share
of gas boiler space heating across building types, with particularly significant technology switching from
coal boilers to gas boilers in hospitals, schools, hotels and other commercial buildings (Table 2). Similarly,
heat pump is also expected to double in shares from 2010 to 2030 in most building types, albeit it is still
a relatively small share of total space heating. The technology switching in turn drives efficiency gains,

as gas boilers are more efficient than coal boilers and heat pumps have the highest efficiency of all
heating technology types (Table 3).

Table 2. 2010 and 2030 Commercial Space Heating Technology Shares

2010 Technology Shares 2030 Technology Shares
Office Retail | Hospital | School Hotel Other | Office Retail | Hospital | School Hotel Other
District Heating 27% 30% 18% 20% 29% 27% 26% 30% 22% 26% 30% 26%
Boiler 0% 0% 44% 46% 35% 35% 0% 0% 0% 0% 0% 0%
Gas Boiler 35% 34% 20% 15% 20% 20% 48% 48% 54% 50% 48% 48%
Small Cogen 20% 20% 12% 12% 12% 12% 14% 14% 14% 14% 14% 14%
Electric Heater 12% 12% 2% 2% 0% 2% 4% 0% 4% 4% 0% 4%
Heat Pump 4% 4% 4% 3% 4% 4% 8% 8% 6% 6% 8% 8%

Moreover, Table 3 also illustrates the efficiency improvements over time for all space heating
technologies, with more aggressive improvements for most technologies under the Max Tech scenario.

Table 3. Commercial Space Heating Technology Efficiencies over Time

Reference Scenario Max Tech Scenario

2010 2020 2030 2010 2020 2030
District Heating 75 81 81 75 81 81
Boiler 63 68 68 63 68 68
Gas Boiler 81 87 87 81 95 95
Small Cogen 69 75 79 69 75 80
Electric Heater 94 98 98 94 98 98
Heat Pump 280 290 300 300 400 500

Cooling
For commercial cooling, there is some but much less technology switching with generally increasing

shares of geothermal heat pump and centralized air conditioning by natural gas across building types
between 2010 and 2030 (Table 4). However, the efficiency of geothermal heat pump and centralized AC
by natural gas are relatively close to the other two technology types, suggesting limited efficiency gains

from technology switching alone.
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Table 4. 2010 and 2030 Commercial Cooling Technology Shares

2010 Technology Shares 2030 Technology Shares
Office | Retail |Hospital| School | Hotel | Other | Office | Retail | Hospital | School | Hotel | Other
Centralized AC 59% 59% 59% 59% 59% 59% 58% 58% 57% 58% 58% 58%
Room AC 34% 34% 35% 34% 34% 34% 28% 25% 31% 28% 25% 28%
Geothermal Heat Pump 3% 3% 3% 3% 3% 3% 6% 7% 6% 6% 7% 6%
Centralized AC by NG 4% 4% 3% 4% 4% 4% 8% 10% 6% 8% 10% 8%

Rather, there are much greater efficiency gains from efficiency improvements over time within each
technology and especially in the Max Tech scenario (Table 5). While the efficiencies of the four cooling
technologies only increase by 10 to 20% every decade under the reference scenario, they increase by 70%
to 100% per decade to meet the highest technically feasible efficiency level by 2030 under Max Tech.

Table 5. Commercial Cooling Technology Efficiencies (COP) over Time

Reference Scenario Max Tech Scenario
2010 2020 2030 2010 2020 2030
Centralized AC 2.8 2.9 3.0 3.0 4.0 5.0
Room AC 2.6 2.8 3.2 2.6 4.0 4.7
Geothermal Heat Pump 2.8 2.9 3.0 3.0 4.0 5.0
Centralized ACby NG 2.8 2.9 3.0 3.0 4.0 5.0

Water Heating
Unlike space heating and cooling, water heating technology shares are not affected by the commercial

building type and the same shares are assumed for all commercial buildings. All commercial buildings
thus achieve efficiency gains from technology switching with the phase-out of less efficient coal boilers
and significant increase in the use of more efficient gas boilers for water heating (Table 6). Electric water
heaters, which has the highest efficiency, also doubles in shares in 2030 but is still very small portion of
total water heating with only 4% share. In terms of efficiency improvements under the two scenarios,
gas boilers, electric water heaters and oil water heaters experience much greater efficiency
improvements from 2010 to 2020 under Max Tech scenario, with a range of 3% to 8% additional

efficiency improvements.

Table 6. Commercial Water Heating Technology Shares and Efficiencies, 2010 to 2030

2010 Shares| 2030 Shares Reference Scenario Max Tech Scenario
(all types) | (all types) 2010 2020 2030 2010 2020 2030
Boiler 53% 0% 63 68 68 63 68 68
Gas Boiler 20% 75% 81 87 87 81 95 95
Small Cogen 12% 14% 69 75 79 69 75 80
Electric Water Heater 2% 4% 93 95 95 94 98 98
Qil 13% 7% 81 87 87 81 95 95

Lighting and Other Equipment
For lighting and other equipment, the expected efficiency gains under the two scenarios are expressed

not by technology types, but by reducing the total lighting and total other equipment energy intensity
per square meter. Under a hypothetical frozen scenario where there are no efficiency gains from
technology switching or technology efficiency improvements, lighting and other equipment energy
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intensity per square meter will rise from 2010 through 2030 since it is currently very low compared to
international levels. However, for the reference and Max Tech scenarios, this increase in energy
intensity is expected to be partially offset by efficiency gains. Specifically, the reference scenario is
expected to have 18% reduction in lighting and in other equipment energy intensity as a result of
efficiency gains relative to the frozen scenario. At the same time, the Max Tech scenario is assumed to
reach 85% penetration of high efficiency lighting and high efficiency equipment with an energy intensity
of 50% of today’s level by 2030. With more aggressive technology switching and incremental efficiency
improvements under Max Tech, this translates into a 30% greater reduction in lighting and other
equipment energy intensity relative to the reference scenario.

5.2 Commercial Sector Energy and CO, Emissions Findings

While building energy demand in the commercial sector is driven by different variables than that of the
residential sector, the patterns expected over the short and medium term are similar. Specifically,
energy demand in this sector is still growing rapidly at annual average rates of 5.6% between 2010 and
2020 but there will be a slowing of growth with the annual growth rate halved to 2.7% after 2020 in the
reference scenario (Figure 17). Nevertheless, the 2030 level of commercial primary energy demand will
be more than doubled the current level. Under Max Tech, growth through 2020 will be slightly lower at
4% annually but differs significantly from the reference scenario in that it approaches a plateau after
2020 with annual growth of less than 1%.

Figure 17. Commercial Primary Energy Consumption by Fuel
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Total commercial building floorspace may saturate in the short term, but end uses of energy have much
room to grow before reaching current levels in industrialized countries. In particular, lighting, office
equipment and other end uses in these buildings is expected to grow dramatically through 2030 as seen
in Figure 18. Lighting will triple from current levels under reference and double under Max Tech, while
growth in office equipment energy consumption is even greater with quadrupling and tripling of 2010
levels by 2030 under the two scenarios.

The main dynamic of energy consumption in commercial sector buildings revealed by this study is that
energy growth will be largely dominated by intensity increases, rather than overall increases in
commercial floor area. As noted above, increases in commercial building space will be limited by the
number of workers available to this sector in China’s future — while the economic activity in this sector
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will continue to gain in significance, growth in the physical infrastructure will by no means keep up with

growth in value added GDP.

Figure 18. Commercial Primary Energy Use by End-use for Selected Years
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In final energy terms, neither the Reference nor Max Tech scenario actually peaks before 2030, albeit

both grow at a slightly slower annual rate than primary energy as a result of efficiency improvements in

the energy transformation processes (e.g., power generation). The majority of the final energy savings

between Reference and Max Tech is in the form of electricity, with annual savings of 45 Mtce, followed
by 13.6 Mtce of natural gas in 2030 (Figure 19).

Figure 19. Commercial Sector Final Energy Use by Fuel
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Unlike primary energy, CO, emissions trends differ from the residential sector in that the commercial

sector emissions peak much later at 1085 Mt of CO, under the reference scenario (Figure 20). Under

Max Tech, commercial sector CO, emissions peaks earlier reference, but only returns to current levels of
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580 Mt CO, by 2030 rather than declining to below today’s levels as in the case for the residential sector.
Since emissions are reduced by nearly half under the Max Tech scenario, cumulative CO, reductions
from the aggressive efficiency improvements and power sector decarbonization reach nearly 4.9 billion
tonnes by 2030.

Figure 20. Commercial Sector CO, Emissions Outlook and Reduction
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5.3  Analysis of Commercial Savings Potential

Within the commercial sector, the greatest energy savings and emission reduction potential lays with
the two fastest growing end-uses of equipment and lighting, which together comprise of 65% of Max
Tech energy savings in 2030 (Figure 21). Despite significant efficiency gains on the order of 40% for
cooling, primary energy savings in commercial space heating and cooling combined is still less than that
of lighting (Figure 22). Technical improvements that lead to 30% efficiency gains in lighting and
equipment and technology switching, in contrast, can achieve cumulative energy savings of 1020 Mtce
or nearly 2200 TWh between 2010 and 2030. Since both lighting and equipment use electricity
exclusively, the CO, emission reduction associated with Max Tech electricity savings will depend on the
fuel mix of the electricity generation and its carbon intensity.
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Figure 21. Max Tech Scenario Commercial Energy Savings by End-Use
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6. Industrial Sector Outlook and Analysis

The industrial sector has been a major driver of China’s economic boom since its ascension to the World
Trade Organization, and is thus responsible for a vast majority of total primary energy demand. While
the industrial share of energy demand will likely decrease with continued economic development and
structural change, industrial sector will continue to have important implications for China’s energy and
carbon pathways. In order to analyze the energy savings and emission reduction potential of the
industrial sector, seven of the largest energy-consuming industries are singled out for in-depth analysis,
including cement, iron and steel, aluminum, paper, glass, ammonia and ethylene in addition to an “other
industry” subsector to capture other industries such as the various manufacturing and processing
industries.

6.1 Key Assumptions and Technology Outlook

6.1.1 Basis for Industrial Energy Outlook

In the model, industrial energy consumption is a function of total production output (by process if
applicable) and the specific energy intensity of the production processes and thus the key drivers differ
by industrial subsector. In general, for cement, steel and aluminum, the scenarios were based on floor
space construction area and infrastructure construction as a proxy for production output. Ammonia
production, in contrast, was modeled as a function of sown area and fertilizer intensity while ethylene
production was based on population and per capita demand for plastics. The exports (or imports) of
energy-intensive industrial products from these subsectors were also assumed to be frozen at current
levels through 2030.

Cement

In the model, cement production is modeled as a function of new urban and rural commercial and
residential construction, urban paved roads, expressways and Class | and Il highways (which are made of
cement), railways and net exports of cement. The specific formula for modeling cement production is:

P, =[(CFSu + CFSr) x CI1 + (RFSu X CI2) + (RFSr X CI3)] + (PA x CI4) + (H X CI5) + (R x CI6) + Ex

Where:

P. = Annual cement production

CFSu = Urban commercial floorspace (3 year rolling average)

CFSr = Rural commercial floorspace (3 year rolling average)

RFSu = Urban residential floorspace (3 year rolling average)

RSFr = Rural residential floorspace (3 year rolling average)

Cl1 = Commercial building cement material intensity

ci2 = Urban residential building cement material intensity

Ci3 = Rural residential building cement material intensity

PA = Urban paved area

Cl4 = Paved area cement material intensity

H = Highways, specifically expressways, and Class 1 and 2 highways (3 year
rolling average)

Cl5 = Highway cement material intensity

R = Railroad track length, 3 year rolling average

Cl6 = Railroad track cement material intensity
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Ex = Net exports of cement

This approach explicitly accounts for the effect of growing commercial and residential building
construction and targeted expansion of urban paved areas, highways and rail tracks on cement
production. In particular, the expansion of urban paved areas and highways are modeled after Japanese
experience of infrastructural development while the railway track forecast assumes meeting the 2020
targets set forth in the railway development plan. Based on these assumptions, cement production is
expected to have peaked around 2010 after the stimulus-driven infrastructure boom and declines to
2020 (Figure 23). After 2020, buildings demand for cement rises slightly as a result of the short 30-year
lifetime of buildings. Buildings and highways and roads are expected to remain the key drivers of cement
demand, with 54% and 45% share, respectively, in 2030.

Figure 23. Cement Production by End-Use
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Iron and Steel

As another leading industry and a major component of buildings, iron and steel production is also largely
driven by infrastructural and construction demand (i.e., structural steel) in addition to product steel
used in appliances, machinery, and other products for final consumption. On one hand, structural steel
has the same drivers as cement consumption and is therefore projected using a ratio to cement
consumption of 0.18 kg steel per kg of cement in 2010 to 0.25 kg steel per kg of cement in 2030. For
product steel, a ratio to “Other Industry” value-added of 198 tons of product steel per million USS$ of
“Other Industry” value-added is used for 2010. Following Japan’s trend of declining steel to
manufacturing GDP from 1970 to 1988, we assume that the 2010 ratio will be lowered by 40% to 119 in
2030 as production shifts to higher value-added steel products. The projected steel production is
illustrated in Figure 24, and shows product steel rising as a proportion of total steel demand, from 47%
share of total steel demand in 2010 to 65% in 2030.

Ps=(SSR x Pc) + (PSR x Ol VAGDP) + Ex
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Where:

Ps = Annual steel production

SSR =Structural steel ratio to cement, kg steel per kg cement

Pc = total cement production

PSR = Product steel ratio to other industry value added GDP, ton steel per million $
Ol VAGDP = Other Industry Value-Added GDP, USS$

Ex = Net exports

Figure 24. Steel Production by End-Use
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Aluminum

Aluminum comprises the largest share of China’s non-ferrous metals industry in terms of both annual
production and energy use, with a 52% share of all non-ferrous metals production in 2008. As an
important building material, building and construction use constitutes the highest fraction of aluminum
consumption, which differs from the manufacturing and transport dominated demand for aluminum in
the U.S. With continued economic development and a slowdown in construction, construction-driven
aluminum production is expected to drop from 35% share in 2007 to 30% in 2025 and thereafter as a
result of increasing manufacturing and transport use. Net exports are assumed to stay constant at
current levels through 2030. As with cement and iron and steel industries, aluminum production
forecast is also based off its relationship with the physical driver of building construction, as expressed
by:

P, =[(CFSu + CFSr + RFSu + RFSr) x AI1)]/CSA + Ex

Where:
P, = Annual aluminum production
CFSu = Urban commercial floorspace
CFSr = Rural commercial floorspace
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RFSu = Urban residential floorspace

RSFr = Rural residential floorspace

All = Aluminum material intensity of building construction
CSA = Construction share of aluminum production

Ex = Net exports

Based on the above relationship, China’s projected aluminum production by end-use is shown in the
figure below.

Figure 25. China's Forecasted Aluminum Production by End-use
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Paper

China is currently the world’s largest producer of paper, providing over 17% of world’s paper supply in
2009. Although the current per capita paper consumption is lower than international levels, China’s
domestic markets are already relatively saturated with industry, particularly light industry, responsible
for the bulk of domestic demand. Specifically, the domestic demand for paper can be broken down into
17% for food, 14% for drinks, 12% for shoes, 11% for electronics and electrical appliances, 7% for
chemicals, 6% for medicine and hygiene, 2% for toys, 2% for cigarettes and 16% for others (Haley, 2010).
Given these diverse demand drivers for paper consumption, it is not possible to derive a physical driver
based relationship for forecasting paper production. Instead, China’s own projections of total
production output in the Energy Research Institute’s 2009 modeling study is used (ERI, 2009) along with
our own in-depth analysis of paper production processes. Net paper exports are assumed to stay
constant at current levels through 2030. Total production of paper is expected to grow at an average
annual rate of 2.5% between 2010 and 2030, with much slower growth after 2020 due to a shift away
from energy-intensive industrial activity (Figure 26). Based on United Nations FAOSTAT data, we assume
that China’s current production output mix of paper products as illustrated in Figure 27 below will
remain relatively constant through 2030.
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Figure 26. Forecasted China Paper Production Output
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Figure 27. China 2009 Paper Production Output by Product Type
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Glass

Glass is another important building material in China, and the glass industry is dominated by the
production of flat glass with relatively negligible production of container glass. Historical and recent data
indicate that flat glass is primarily driven by commercial and residential construction, with the
construction sector responsible for 80 to 87% of all flat glass consumption (Haley, 2009 and Lee, 2009).
This is followed by the second largest consumer, the automobile industry, which is ignored in our
analysis because it consumed less than 10% of total flat glass production in 2009. Since glass use in the
construction sector varies significantly and is not dictated by building codes as is the case for cement
and steel, a multiple regression was ran using historical data for domestic glass consumption and
residential and commercial construction to determine the relationship between glass use and new
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commercial and residential floorspace. The regression results had a relatively strong fit, and the
following relationship was used to determine domestic demand for flat glass:

Y =-49753638.708 + 0.027*(new commercial floorspace) + 0.030*(new residential floorspace)

Where:
Y = domestic consumption of flat glass, in tonnes
0.027 = tonne flat glass/m2 commercial floorspace
0.030 = tonne flat glass/m2 residential floorspace

Total glass production is thus domestic demand plus net exports, which is assumed to stay constant at
2000 to 2008 average level through 2030. Our forecast suggests that total glass production will grow
relatively slowly at an annual average rate of 0.5% from 28.5 million tonnes in 2010 to 31.8 million
tonnes in 2030.

Ammonia

China’s important role in the production of key fertilizers is reflected in its rising production of nitrogen-
based nutrients as the world’s largest producer. Ammonia production is driven by rapid urbanization in
two specific ways. First, rising incomes in urban households and correspondingly greater demand for
meat-based diet has increased the demand for animal feed from maize and soybean production. Second,
growing urban demand and a readily available labor supply has driven up the labor-intensive production
of fruits and vegetables in China, which require double the amount of fertilizer application as cereal
production. Given these drivers, China’s future ammonia production is forecasted as a function of rising
application intensity of nitrogenous fertilizers for decreasing levels of sown area and net exports. The
application intensity of nitrogenous fertilizer is expected to rise to Korea’s 2005 level of 225 kg nitrogen
nutrients per hectare by 2030 from the current level of 200 kg N/ha, while total sown area is expected
to decrease by 2% by 2030 based on historical trends and recent projections. Exports are expected to
remain at 2005 levels through 2030. Total ammonia production can be expressed as:

PAM=(SA X A1)+ Ex

Where:
Pam = Annual ammonia production
SA =Sown area
Al = Application intensity of nitrogenous fertilizers to sown area
Ex = Net exports

As a result of the offsetting effect of rising application intensity but declining total sown area, ammonia
production increases very slowly at an annual rate of only 0.2% from 41 million tonnes in 2010 to 43
million tonnes in 2030.

Ethylene

Ethylene is a major petrochemical product that has experienced rapid growth in production in China,
driven primarily by rising demand for its polymers such as high and low-density polyethylene,
polypropylene and styrene. For example, high demand for polyethylene is likely with continued
urbanization given their applicability to be substituted for non-synthetic, nondurable goods like grocery
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and garbage bags, food packing and shipping containers. Polypropylene will also continue to be in high
demand due to its applications in the production of mechanical parts, containers, fibers and films and as
a popular substitute for non-plastic materials such as paper, concrete and steel. Lastly, styrene and
polystyrene demand will grow with the use of styrene monomer and derivatives in the construction
sector to substitute out other chemicals. The ethylene industry is also unique in that China is currently a
net importer, not exporter of ethylene. In light of these demand drivers, ethylene production is modeled
as a function of per capita demand for ethylene, calculated from its share of per capita plastics demand,
and net imports. China’s per capita demand of primary plastic is assumed to reach levels comparable to
Japan’s 2007 level of 108 kg per person by 2030 while the per capita ethylene demand is derived off of
the historical shares of ethylene in the production of primary plastics, specifically:

P:=(PDpc X Pop X PER) + Im

Where:
P = Annual ethylene production
PDp, = Per capita primary plastic demand
Pop = Total population
PER = Primary plastic demand to ethylene demand ratio
Im = Net ethylene imports

Since the current per capita plastic demand in China of 50 kg per person is very low compared to
international levels, per capita plastic demand will grow rapidly between 2010 and 2030. Coupled with
continually growing total population, ethylene production is expected to increase rapidly at 5% per year
from 19 to 52 million tonnes between 2010 and 2030.

Other Industry

In addition to the seven selected industrial subsectors, the model also includes an “Other Industry”
subsector that covers the other remaining energy-consuming industries. As seen in Table 7, there are
many smaller energy-consuming industries beyond the seven selected subsectors.

Table 7. Energy Consumption by Industrial Subsector (2008)

Sector Total Energy
Consumption
(Mtce)
Total Consumption 2,914.5
Industry Total 2,093.0
Partially included in model subsectors:
Smelting and Pressing of Non-ferrous Metals (Aluminum) 112.9
Manufacture of Raw Chemical Materials and Chemical Products (Ammonia) 289.6
Manufacture of Non-metallic Mineral Products (Cement & Glass) 254.6
Not in Model Subsectors
Manufacture of Textile 64.0
Manufacture of Metal Products 30.2
Manufacture of General Purpose Machinery 27.6
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Manufacture of Transport Equipment 27.3
Processing of Food from Agricultural Products 27.3
Manufacture of Communication Equipment, Computers and 22.0
Manufacture of Electrical Machinery and Equipment 17.9
Manufacture of Special Purpose Machinery 16.3
Manufacture of Foods 154
Manufacture of Chemical Fibres 14.5
Mining and Processing of Ferrous Metal Ores 141
Manufacture of Artwork and Other Manufacturing 14.0
Manufacture of Medicines 13.6
Manufacture of Rubber 13.4
Manufacture of Beverages 11.6
Mining and Processing of Non-metal Ores 10.3
Processing of Timber, Manufacture of Wood, Bamboo, Rattan, Palm, 9.8
Mining and Processing of Non-Ferrous Metal Ores 8.6
Manufacture of Textile Wearing Apparel, Footware and Caps 7.3
Manufacture of Leather, Fur, Feather and Related Products 3.9
Printing, Reproduction of Recording Media 3.5
Manufacture of Measuring Instruments and Machinery for Cultural Activity 2.8
Manufacture of Tobacco 2.3
Manufacture of Articles For Culture, Education and Sport Activities 2.2
Mining of Other Ores 1.8
Manufacture of Furniture 1.8
Recycling and Disposal of Waste 0.6

Source: NBS, 2010.

These other industries include: mining and processing of metal and non-metal ores; manufacture of
textiles, machinery, various types of equipment, food and beverages, artwork and furniture; processing
of food, timber; and manufacture of chemicals other than ammonia and non-metallic mineral products
other than cement and glass. Since there is a significant range in the output of other industries and in
demand drivers, it is not possible to base production forecasts on physical drivers. Rather, because most
of the other industry outputs involve manufacturing and processing, the model uses the common unit of
value-added GDP to quantify activity in this subsector. Under both scenarios, the value-added GDP of
Other Industry is expected to continue growing at recent high annual rates of 6% for the next five years
and then slow down to 4% annually through 2025 and to only 2% after 2025 as China shifts away from
industrial-driven to commercial and service-oriented economy (Figure 28). By 2030, the Other Industry
value-added GDP will be three times higher than current levels at $4.5 trillion US dollars.
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Figure 28. Projected Other Industry Value-Added GDP, 2010-2030
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6.1.2 Efficiency Improvement and Technology Outlook
Cement

China’s cement industry is steadily transitioning from using less-efficient vertical-shaft-kiln to new-
suspension-pre-heater (NSP) technology for making clinker—the key ingredient for cement production.
New cement production capacity employs NSP and high-efficiency technology, with overall shift further
accelerated by industry consolidation and closure of small and inefficient kilns. In terms of modeling the
cement industry’s energy consumption, the recent technology and efficiency trends of shutting down
plants with backward production lines and shift away from inefficient vertical kiln technology are
considered. In particular, these trends towards greater efficiency in cement production are expected to
continue with shaft kilns phased out by 2020 in both reference and Max Tech scenarios as part of
China’s committed efforts to reduce its industrial energy intensity (Figure 29). The Max Tech scenario
further differs from reference scenario in that the 2030 final energy intensity of rotary kilns will be
slightly lower as it achieves the current world best practice efficiency level of 0.101 tce/ton cement for
Portland cement five years earlier. Detailed measures that can be taken by the cement sector to reach
this level of intensity are discussed in greater detail in Section 10.3.1.
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Figure 29. Projected Technology and Energy Intensity Trends in Cement Production
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Iron & Steel

The two primary crude steel-making routes include using basic oxygen furnace (BOF) or the more
efficient electric arc furnaces (EAF). In 2008, 87% of crude steel in China was produced using the BOF
route and only 13% using the EAF route, which is more efficient and can use steel scrap or sponge iron
as raw materials. Compared to the world crude steel average share of 34% for EAF production, China’s
EAF utilization is much lower and suggests more room for efficiency improvements although the
technology shift is constrained by the supply of scrap steel. In the model, 19% of steel production is
expected to be from EAF by 2030 under the reference scenario, compared to 26% under the Max Tech
scenario (Figure 30).

Figure 30. Projected Steel Production Technology Trends in Reference and Max Tech Scenarios
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Another efficiency improvement in the steelmaking process is the use of continuous casting, which
reduces the consumption of energy and other materials by eliminating the reheating step for semi-
finished steel prior to being cast. Continuous casting has additional benefits in improved yield from
liquid to finished steel and better steel quality. With continuous casting expected to play a bigger role in
Chinese steel production and the advent of other technical improvements, the final energy intensity of
BOF and EAF production declines under the reference scenario. The decline in energy intensity for both
BOF and EAF production is accelerated under Max Tech with greater efficiency improvements. As a
result of faster improvements in BOF and EAF as well as faster adoption of EAF, steel production under
Max Tech has a 15% lower average final energy intensity of production than the reference scenario
(Figure 31). Detailed measures that can be taken by the iron and steel sector to reach this level of
intensity are discussed in greater detail in Section 10.4.2.

Figure 31. Process-weighted Average Final Energy Intensity of Steel Production
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Aluminum

China has been active in both the primary and secondary production of aluminum, with 80% primary
aluminum production and 20% secondary aluminum production in 2006. Primary production of
aluminum includes bauxite ore mining, alumina refining, ore precipitation and calcination,
electrochemical conversion from alumina to aluminum and smelting. Secondary production of
aluminum is much less energy-intensive, typically requiring only 5% of the electricity used in primary
production, because it directly extracts aluminum from recycled materials. However, secondary
aluminum production is limited by the availability of metal scrap material. Taking these constraints into
consideration, China is expected to meet its 2010 goal of 25% secondary production under both
scenarios with the secondary share rising to US 2008 equivalent levels of 36% by 2030 under the
reference scenario and the 2030 Chinese target of 80% under the Max Tech scenario (Figure 32).
Overall, total energy intensity of primary and secondary aluminum production declines under both
scenarios as a result of technical improvements. Under the Max Tech scenario, for instance, both
primary and secondary production are assumed to meet the current world best practice energy intensity
of 2.41 tce/ton aluminum and 0.085 tce/ton, respectively, by 2030 (Worrell et. al., 2007).
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The decline in overall final energy intensity is especially significant under the Max Tech scenario because
of the aggressive switch to secondary production after 2010, with as much as 80% reduction in the
average energy consumption per ton of aluminum relative to the reference scenario by 2030 (Figure 33).

Figure 32. Aluminum Production Technology Trends in Reference and Max Tech Scenarios
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Figure 33. Process-weighted Average Final Energy Intensity of Aluminum Production
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Paper

Energy consumption for the paper industry occurs in two stages: pulping and paper-making. Since China
is a major importer of waste paper and non-wood fiber, the pulping share of the industry’s total energy
consumption is actually relatively low. Specifically, China’s paper production only uses 7% wood market
pulp and 23% non-wood market pulp (UN FAOSTAT, 2010). The imported and domestically recycled pulp,
which makes up the remaining 70% of paper pulp, only requires 15% to 20% of the energy needed for
wood and non-wood pulping (Worrell, et. al., 2007). In determining the lowest possible final energy
intensity of pulping, the Chinese shares of pulp are multiplied by the world best practice energy intensity
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given in Worrell, et. al. for each type of pulp to determine the pulp-weighted average energy intensity
for the industry.

In the papermaking stage, the process energy consumption varies by paper product type, with coated
print and writing paper and household and sanitary paper production requiring the most energy and
newsprint requiring the least energy. Given the Chinese paper industry’s current production mix, the
lowest possible product-weighted average energy consumption can be derived for papermaking using
best practice values given in Worrell et. al.

Under Max Tech, China is assumed to reach the lowest energy intensity of 123 kgce per ton of pulp and
304 kgce per ton of paper given its production mix by 2030 as a result of aggressive efficiency
improvements in both pulping and papermaking processes. The maximum technically feasible level of
pulping and papermaking efficiency is not reached under the reference scenario until at least 2050,
resulting in 28% higher energy consumption per ton of paper than the Max Tech scenario in 2030 (Figure
34).
Figure 34. Average Final Energy Intensity of Paper Production
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Glass

The Chinese glass industry is highly fragmented with a total of 268 manufacturers, with most classified
as medium to small enterprises and only 4% of manufacturers classified as large enterprises. Efficiency
gains in the Chinese industry is thus likely to result from both technical improvements in the production
process as well as the consolidation of manufacturers and subsequently more efficient production lines
with economies of scale savings. Under the Max Tech scenario, the entire glass industry is expected to
reach on average, the Shandong Top 1000 Project’s best practice energy intensity of 13.46 kgce per 50
kg of glass, which is comparable to the U.S. best practice intensity of 7.88 GJ/ton of flat glass. Under the
reference scenario, efficiency improvements are less aggressive and will not reach the best practice
energy intensity of 0.262 tce per ton of flat glass until at least 2050. A comparison of the final energy
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intensity of glass production under both scenarios is shown in Table 8 below, revealing that Max Tech
scenario can achieve 12% reduction in energy intensity of glass production by 2030.

Table 8 Final Energy Intensity of Glass Production (tce/ton of flat glass)

2010 2020 2030

Reference 0.335 0.316 0.298

Max Tech 0.335 0.298 0.262

% savings - 6% 12%
Ammonia

Although China’s current energy intensity for ammonia production lags behind the world best practice
level, the national Five Year Plan goals for 2020 is on par with current world best-practice energy
intensity. For example, the 11" FYP energy intensity goal of 29.3 GJ/ton NH; for 2020 is actually higher
than current world best practice levels. This model assumes that ammonia production in China will
reach the current world best practice energy intensity by 2030 under the reference scenario. Under the
Max Tech scenario, China will reach the 11" FYP goals for 2010 and 2020 and then decline at the same
rate as the reference scenario after 2020. This results in a 36% lower energy intensity of production in
2030 under Max Tech (Figure 35).

Figure 35. Average Final Energy Intensity of Ammonia Production
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Ethylene

As with other petrochemical refining, ethylene is produced through a thermal or steam cracking process
using a feedstock of either ethane or naphtha. In China’s case, naphtha is becoming increasingly
dominant because of a shortage of natural gas and refinery-based ethane production. However,
naphtha requires more energy for the cracking process as a heavier feedstock. As a result of this heavy
reliance on naphtha, China’s 11" FYP target energy intensity values for ethylene production is much
higher than the current world best practice intensity.
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At the same time, a recent technology trend with important implications for efficiency gains is the
increase in production unit size both in terms of newer units coming online and capacity expansion of
existing units. The average production unit size has nearly doubled from 260,000 tons/year in 2001 to
460,000 tons/year in 2006 (Yu, 2007) with new Sinopec and CNPC units of greater than 500,000
tons/year capacity coming online in the last few years.

In this model, ethylene production is assumed to meet the 11" FYP intensity targets for 2010 and 2020
under the reference scenario. For the more aggressive Max Tech scenario, ethylene production is
expected to reach the current world best practice energy intensity of 478 kgce per ton of ethylene
output by 2025 in spite of a naphtha-dominated feedstock. (Table 9)

Table 9. Final Energy Intensity of Ethylene Production (tce/ton of ethylene)

2010 2020 2030

Reference 0.65 0.6 0.559

Max Tech 0.65 0.535 0.478

% savings - 11% 14%
Other Industry

The Other Industry subsector encompasses a range of industries and thus cannot be analyzed on a
technology-specific level. Nevertheless, past international experiences such as that of the United States
and Japanese manufacturing and other industries can shed light on the likely development pathway and
energy intensiveness of activity in China’s other industries. Under the reference scenario, the economic
energy intensity of Other Industry, measured in terms of kgce per USS of value-added GDP, is expected
to decline by 50% from current levels by 2030 (Figure 36). This decline follows the path of Japan’s
manufacturing industries’ energy intensity which declined by 45% from 1970 to 1998 (IEEJ, 2010).
Similarly, the U.S manufacturing industries also saw a 50% decline in its aggregate fuel intensity
between 1977 and 1995 (Al-Ghandoor, et. al., 2008). This decline in Chinese Other Industry economic
energy intensity reflects a confluence of factors that lead to declining energy consumption but growing
value-added output over time, including: continued economic development that shifts manufacturing
and other industries away from energy intensive, low value-added production to skill-intensive, higher
value-added activity; higher wages with increasingly skilled labor force and peak in working-age
population; and market-driven pace of efficiency gains in various production processes.

The Max Tech scenario diverges from the reference scenario in that it represents 20% additional

efficiency improvements consistent with reaching a maximum technically feasible level beyond expected
efficiency gains by 2030. The 20% efficiency improvement under Max Tech represents significantly
improving the efficiency of all technologies used in manufacturing and processing industries, such as 10%
gains from maximizing the efficiency of motors and an additional 10% from improvements in the

industrial production balance of system (e.g., pumps, condensers, heat exchangers). As a result, the

2030 final energy intensity of 0.152 kgce per USS of Other Industry output under Max Tech is 20% lower
than the reference energy intensity of 0.190 kgce per USS.
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Figure 36. Final Energy Intensity of Other Industry Value-Added Output
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6.2 Industrial Sector Energy and CO, Emissions Findings

Industrial sector primary energy use will peak very late at 2564 Mtce under the reference scenario, but
earlier with 2182 Mtce under Max Tech if aggressive efficiency improvements and technology switching
are adopted beyond the current pace (Figure 37). Most of the savings from Max Tech is in the form of
coal, particularly coal used for generating electricity and steam, which declines by as much as 570 Mtce
per year in 2030.

Figure 37. Industrial Primary Energy Use by Fuel, Reference and Max Tech
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Within industry, the energy consumption of the seven sectors singled out in China’s long-term
development plan for substantial energy efficiency improvements will gradually decline relative to other
sectors, though still accounting for 52% of total energy consumption in 2030, down from 70% in 2005 in
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the reference scenario. In the case of iron and steel and cement in particular, China’s expected
transition from rapid industrialization and infrastructure development to faster growth and expansion in
the services sector after 2010 underlies the slowdown and eventual decline in total iron and steel
output and in the decline of the cement industry (Figure 38).

The energy use of each of these sub-sectors in absolute terms all decline modestly over time. The only
exception is in energy use by the ethylene sub-