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Advantages and limitations of free-market economies
B HMIZ& 5N X &R
« Free-markets provide powerful - B T e ) BUih el

incentives for innovation B O T B SFIzE P
(One works hardest for self-gain) i LYED

« They are more nimble than B HHEF I RISTFE

regulated economies RE

Question: How many free- M. BHf— BT E

market economists does it g%//l\z E EEI—FE%%ET'
take to change a light bulb? 2529
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changing, free-market forces HEWHITHW, HHETER
would have taken care of it. B AR PiX A a5,




The downsides of free-market economies
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* Free markets do not always
account for “externalities” (e.g.
pollution, climate change)

e Public goods need to be
supported by taxation (e.g. national
security, roads and bridges)
 “Survival of the fittest” does not
always mean “survival of the best”.
(e.g. unethical or predatory
business practices). Regulation and
transparent legal enforcement is
needed

e Free markets do not respond well
to long term problems or
international/global issues.

(e.g. international fishing,
international pollution) Regulatory
treaties? International Taxes?
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The externalities related to energy
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* Energy dependence costs

* BERAKIUSAS

* Environmental costs
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Polices that modify free-markets.

HE H RIS E

e Global incentives (carrots),
dis-incentives (sticks),
commands (regulation)

e Stimulating long term
investments in research
and development to

commercialization
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U.S. Oil Production and Im
US became a new importer o 0|I |n 1970
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Factors affecting crude oil prices
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World Energy Consumption from 1970-2020 is projected to triple:
uncertain access to energy
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“Hubbert Curves” with different assumptions of rate of decline using GSGS and
DOE best estimates of total discovered and undiscovered global reserves
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The externalities related to energy
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e Energy dependence costs
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¢ Health and environmental costs
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Polices that modify free-markets.
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Smog over Urumchi, Xlnjlang Uighur Autonomou5'
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A cement factory in Qianwei, Sichuan, China.
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Average global temperature rise since 1860
1860 AR EIXFEHSKE EFAFR

GLOBAL

0.8

0.4 -

Departures in temperature (°C)
from the 1961 to 1990 average

Data from thermomesters. | |

. 1860 1880 1900 1920 1940 1960 1980 2000

Year
*19 of the 20 warmest years since 1860 have all occurred since 1980.

«1998 was the warmest year in the instrumental record and probably the warmest in 1,000
years.
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Concentration of Greenhouse gases
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Temperature anormalies (*C)

Temperature anomalies

Can we predict the past?
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Computer simulations by
the Princeton Geophysical
Fluid Dynamics Lab for
CO2 increases above pre-
industrial revolution levels:

2xCO,:5-8° F
4x CO,: 15-25° F
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2xC0,:5-8° F
4x CO,: 15-25° F

Pre-industrial: ~275 ppm

Today: ~380 ppm

Tk ArET: ~275 ppm
BAE: ~380 ppm




Summer soil moisture in
N America under doubled
& quadrupled CO, (from
the Princeton GFDL
model)

Mid-continent soil-
moisture reductions
reach 50-60% in the
4xCO, world.
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CO, Concentration, Temperature, and Sea Level
Continue to Rise Long after Emissions are Reduced
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Sea-level rise due to ice melting:
several millennia
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The externalities related to energy
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 Energy dependence costs
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* Health and environmental costs
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Polices that modify free-markets.
HE B HTIANIERE

e Incentives (tax credits), dis- ATREEBFHE M (BHE b ), R¥E
incentives (taxes or caps), e (R ), W] (B)

commands (regulation)

. . IR B AL AR R KL
e Stimulating long term HEA
investments in research and
development to
commercialization n

A dual strategy is needed:
= il E U R B -

D i omeray DALy fElRES
Y =
efficiency and K B
m;]r?lim_ize energy use, B H 3 E BE R
while insuring 22 1 T
economic prosperity iﬁg;ﬁi&%%%g
2) Provide incentives 2N Hev
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GDP per capita
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GDP vs. Energy Efficiency
(Top 40 Economies by GDP)
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Externalities associated with China’s transportation growth
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Taxation and fuel consumption
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Higher cost of gas is correlated with fuel efficiency of automobiles
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Control of automobile usage and efficiency requires both control by
regulations and cost dis-incentives (tax on gas and large car purchases)
VRIS P 28 B AR 28 R 42 o B 7 B A TR B R RS ) S Ul 446 e (!zu
AR B LA SR T SRR IR 4R Y P AR ABD

Traffic congestion in cities can not be solved by more roads alone.
Note the relative congestion of light rail, buses and cars
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Three options to mass
transit with large
variations in cost.

REEMAHLZBE=FT
ENMERENRK

Regulation stimulates technology: Refrigerator efficiency standards and
performance. The expectation of efficiency standards also stimulated
industry innovation
EMBFTRERAOAL: KEEERERIERE.
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The externalities related to energy
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e Energy dependence costs
* BEURARMLRR A

¢ Health and environmental costs
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Polices that modify free-markets.
B E B HTHIgRRE

« Incentives (tax credits), dis- WURh T (Bl ),

incentives (taxes or caps), SO (R B E
commands (regulation) = g ) Psa| (1)%1?551)
 Stimulating long term N .
investments in research and 'ﬁﬁﬁﬁﬂﬂ%&*ﬁ
development to KEKHEHHEAN
commercialization 31

California utility companies now urge and help their customers conserve electricity

XEMMEDARDFHEBRIFHAATLHRE

Profit to utility companies was decoupled from the amount of energy sold.
BAARBNFERESRIEHETMIEN.
e Initially, US electric utility industry R, EEESTVITE—A

were a regulated monopolies where N

rate-of-return on investments was set BB [BIHR A b B E LA E 1 2 45
by regulatory agencies. Utility ZEWPEATI . B AR HES %
companies promoted the use of energy BeyEAd B 5 3 AN .

to maximize profits. . PR

e Environmental regulations and ‘ Hﬂﬂ:ﬂ:ﬁffﬂﬁ@tﬂ £ AR R IEXS
disallowances of investments by state Bk T E R E K R T8
regulators of nuclear power generation 7%, BAAFIFFHEBEZE T4

created financial stresses in utility WIEH.

companies.

“ 2 ” ISHe Y
« “Least-cost Planning” is in place. ‘ %’fﬁ&ﬁkjiﬂﬁﬂ ﬂ:ﬁﬁ%m" REU
Energy conservation decreases the TR TR REEZ KB K&
need to build more power generating kK, MITRIE T & B NBZE PR .

plants. Fair return of investment is

guaranteed.
32
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My concerns about the current California utility system

et BRTANM BB O RGEE AEIR

* Changes in the cost of fuel are
passed through to the consumer
(Compromises incentives to the
utilities companies to be more
energy efficient)

e There are no incentives for utility

companies to invest in long term
research

» The electricity generation and
distribution industry is becoming
in danger of becoming more de-
integrated.

Micro-economics forces to

maximize profits might encourage

companies to stimulate higher
energy usage by selling more
energy intensive “services”.

SR BB 1R 2
TH#ES L

(I T HAARBKT
RERIZH 1)
AW 48
BB A Bl
o e BTG AR T I H 2
Jr LG R

LRI H B
Zo5 DR Z A (A HL )
R [ IR A
B (RHRERES
Ll

International Energy Agency (IEA) Carbon Emission
forecast

EfREREEE (IEA) XTEHEREY L

Between 2003-2030:
New Coal Plants =1.4 TW

New Natural Gas Plants =
19TW

Carbon emission in the next 30
years will add 3x more CO,
emission than the previous 250
years!

Energy from tar sands, shale
oil, methane hydrates ... will
be as bad as coal for
greenhouse gas emissions.

2003-2030 fE&A[H]:
FEBMNADKHEM =14TW
FRRXASKHIT =19TW

Xk 30 FHhEBER AT
250 £F @ 3 f5

WEY. JUEm. FhiKe
Yya& RER 5 R — R
HRE IR E A,
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Limiting CO, is the biggest economic problem

Z SRR & K RYZ 5T E) &

» A carbon tax or carbon cap is
needed

* Clear signals should be given that
atax or cap will occur so that
companies can plan.

* Private (industrial) and public
investments in renewable sources
must be encouraged.

* Progressive changes in the
carbon tax/cap should be initiated
to stimulate research and
development of alternative
solutions.

o % SE AR B A AR HE U B
Pl

o 45T ARl BT ) B
il B, J7 4
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gﬂ\% (oMb Azt
o NI AR R AR B K i HE
T FR B A A DA S Rl X T
AREEVR BT R
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Carbon Sequestration needs more research
BRI TRIE R AR

* Long term storage and
environmental safety are
yet to be proven.

» Cost is also an issue! Using
present technology,
sequestration costs are $100 -
300/ton of avoided carbon
emissions.

e The US Department of
Energy has atarget to reduce
the cost of carbon
sequestration to $10 or less
per net ton of avoided
emissions by 2015.

KIETF AR B 22
SV TR — PR,

o BN i H
WAEREAR, —MHiRHE
=N 100 -
300 £Jt.

o RE BRI RIE
2015 SFHIKE— i mHE
ERHEARHABE 10
ZILHEHEHEK. 3
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CO, emission sources and sedimentary basins with geological storage potential

T ERHERUR & R B AR ) R AR At

Stationary Emissions| %
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Is large scale sequestration possible in China?

FE AP B KU P B AF B AT AT 2

Potential Sources of Carbon Neutral Energy
B R TORR REIR
s - Magnetic plasma

confinement or inertial
fusion. At least 40 - 50

1. Nuclear years in the future
Fusion gﬁggﬁﬁlﬁﬁiﬁﬁ%ﬁ
AR /DFBE 40 - 50 5
1R -
Waste and Nuclear
Proliferation
2. Nuclear B B A% H#
Fission 3 TW = One new GW reactor
2 %A every week for the next 50

years)
3TW = Rk 50 FEAE—
AP GW %X N HE
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Tax incentives and rebates were essential to stimulate continued
development of power generation from wind
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Photosynthesis: Nature has found a way to convert
sunlight, CO,, water and nutrients into chemical energy

REER: KEACELFHRET—HIFEL. LK.
ko REFFHEEE LRI FRERITT %

The majority of a plant is structural mate: H A2 B 45 MW R4

Cellulose #F4% A e ao O
Hemicellulose d44EE 20-40%
Lignin RBE& 10-25%
Sunlight
€O, H,0, | Biomass |

| Chemical energy

Nutrients — | AYRe | > s an
e | pewme |
Koy BFRYR

N Oy o

Self-fertilizin mproved conversion of
9, cellulose into chemical fuel

drought and pest resistant . ) RO
ERHL, iR G T A LR
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Synthetic Biology:

Production of artemisinin in bacteria
I ES »,,

=

MEENFETHE (artemisinin)
a. £,
Can synthetic organisms be
engineered to produce ethanoal,
\% methanol or methane from cellulose
or directly from sunlight? =

Sl T LUR A TR A B BRI A 4 B
FELBSEA G 2 BT pe?

IMAPP

an :
d _Infernahonal [
National Concerns
EELTEANE :
1) National security 1 ExRZE
which is intimately S e

tied to energy FEYIHR
security

2) Economic prosperity 2) BHTEIR
3) The environment 3) I

Sustainable, CO, neutral energy

CIERZ=2E/R 3=t/

estriction on the title page of this proposal
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End
o=t

45

» The US phone system (AT&T) was a vertically integrated monopoly.
Phone service was reliable and of moderate cost.

XERIERG (AT&T) BEREHE—HRUZM AL . RIERSFNTE

mARHAEHE,

* Others wanted access to this
market, claiming that
competition would drive down
prices.

« 20 years later our total phone
bills are much higher due to
competition to promote higher
usage (text messaging,
photograph transmission over
phone data channels, ...

« e AR DS SA R T RE
gg%méﬁﬂﬁﬂﬁkﬁ

* 20 F2Z A, HTHBEEATE
FAELFE A2 7 MU HE EH %
MRS (. M5, @i
HPIEREEMEASE , '
RN B B LT RT
HIRZ .

Telecom companies are reluctant to invest in

L A A

Io)%g—ferm research

BN EARB A REAT KB B
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Temperature over the last 420,000 years

Source: Working Group | of the Intergovernmental Panel on Climate Change
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3.0

25

Degrees Celsius

05

Global Mean Surface Air Temperature
(Departure from 1880-1820 base period.)

LB

—— Model (CO, + IPCC Aerosol estimate)
—— Observed (Jones, et al., pers. comm., 1996)
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Commercial ethanol production from cellulose
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There are dangers in dividing “public good” services such as
transportation and energy suppliers into micro-business sectors.

HEmk iR eE « AXF
NEFEES

* A vertically integrated
transportation system
(monopoly) would provide
incentives to optimize factors
such as the cost of
transportation energy, road
construction, car use and
efficiency, and mass transit.

* My predictions:
Marketing bigger cars

eas safer cars would stop.
Investments in mass

transit would increase.

# 7 BRES5 XI5 B B BT 42 5D

—ERER.
«EHHUBRARS (£
BTk AT RIEIE A
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Can we modify existing organisms or design new ones to directly
produce energy?
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In order for a combined subway, light rail or and bus rapid transit system
to succeed, dense coverage is needed. Clean and fast transportation is
needed to lure middle class people who can afford to drive.

AT RIEME, BPRE/ UL LFATGERARBEL, AXRENE ST
WREELE. RN LAGRIEASTRAKET S PREN TR 5 B W ERFEL S
E’J*F‘W‘ﬁkﬁﬁ)ﬂ"ﬁ%éfﬁ

f_\]\ /

A diversified portfolio of investments is
needed

i 2o 5 B RIE 22 AL

A solution may lie at the interface of
biology and
the physical sciences at the nano-scale

YA S AR 2 2 18] AT B AU AT BE A 7]
IR RPTHE .




Microbulbifer degradans
U YbE
A group of microorganisms that degrades of a significant

portion of the 50+ billion tons of cellulose
—4H¥s 500 [ZRIBLTYER H Eﬁﬁiﬁﬁ[‘%ﬁﬁﬂﬁﬁi’% .
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Tax & Fiscal Policy Options

for Clean Energy Development
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Professor Su Ming, Research Institute for Fiscal
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|. Status Quo and Emerging Problems
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Since the 1994 reforms, fiscal policies
have become increasingly standardized,
and preferential policies favoring energy
development have been reduced.

There is still no perfect system for
fiscal policies supporting energy
development.

The government has failed to
utilize public finance instruments for a
national energy strategy.

The existing fragmented fiscal
policies are incompatible with the
requirements of the national strategy for
energy development.

—. RS el
|. Status Quo and Emerging Problems
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The government has not
attached sufficient importance
to energy-saving work.

Direct government
investments have been limited
to R&D and production
(technological innovations).

Marketing, utilization,
services, recovery, and
information dissemination are
ignored.

ii. Punitive measures for low

energy-efficiency products and
environmental pollution are
inadequate.
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iii. The policy system obstructs optimization of
the energy structure:

The current design of VAT constrains the
development of waterpower generation.

Costs should be allocated to different years
of dam usage and treated as an input
discount item in calculating VAT.

Directly basing VAT on electricity sales
revenues increases the burden on water
power plants and directly obstructs
waterpower development.

— JPIAFAIR]RR
|. Status Quo and Emerging Problems
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iv. There are inadequate restrictive
policy measures on energy-wasting,
unorganized exploration and low
rates of extraction.

v. The government has not established
corresponding policy frameworks
for developing new and renewable
energy resources.

vi. There are no effective measures to
counter energy safety problems,
especially regarding oil.
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International sustainable energy’

development practices with implications
for China:

Energy efficiency management as the
basic principle for sustainable
development internationally:

Energy efficiency has become a major
measure to resolve climate change and
reduce greenhouse gas emissions.

Energy efficiency management has
become an important measure to secure
energy safety.

Strengthening energy efficiency
management can promote the overall
competitiveness of the national economy.

—. EirZ
II. International Practices
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ii. Effectively utilize fiscal incentives to

overcome market constraints and
improve energy efficiency:

Long-term planning.

Comprehensive consideration of all
factors in formulating fiscal incentive
measures.

Determining the level of incentives on
a market basis.

iii. Encourage voluntary agreements to

reduce greenhouse emissions and
improve energy efficiency.

iv. Utilize government measures to

accelerate energy technologies and the
popularization of new energy efficient
products.
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lll. Conceptions and Recommendations

. . . Next Steps:
BB T, EEHBEEA The state should utilize positive

E@Yﬁ)ﬁﬁﬂ%, ﬁ[’lﬂl‘ﬁ%ﬂﬁ(%\ incentives, negative restrictive
SEXAMNEBURSS, RSN R measures, and cross-subsidy policies to
REVERE. IEMBFBORARE  promote sustainable energy
HENBCE. ERBABSK. W development.

B EAFMEBIR . BB

K. BURPRMMBORSS: Wi fRH  positive incentives: Budgetary investments,
BUREIEY KIH B BAENTE national debt investments, financial
TR FFAERBEBL . FIEREYRBL discount loans and subsidies, tax

R PR R YRR ML B (A e v incentives, and government

ot procurement policies.

Negative restrictive measures: Expand the
scope of the consumption tax,
accelerate the fuel levy, initiate an
energy tax, and reform the levies on
mineral resource compensation fees.

=, BEMER

lll. Conceptions and Recommendations

(—) ZE BBk EsE | Fiscal policies to improve energy efficiency.
W
1. Government budgetary investments

1. BOFESNBIR

(1) Establish an expenditure item on energy
economization in recurrent budgets and
(1) ELEHRmES, arrange corresponding funds.
RESZHIBEE . S HEAE LR
ey e, EEH TR F#nds shoulhd srlmuld be used for energy-
) HREZY = D efficient technology R&D,

ﬂﬁﬁﬂh %}FZX:’ bjj 54 demonstration, and popularization,;
ARTERHE s FREE M education and training on energy

Bl PReEEIN B AR efficiency; and construction of energy-
; saving management and monitoring
systems.

o

(2) A TE NPT E A5 Consolidate budgetary investments and

B, BUTTRERENE. national-debt investments. Increase
overall investment in energy-saving
activities
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lll. Conceptions and Recommendations

Sy (3) Establish a special fund for energy.
(3) AL e E IS economization.

2. AV IABALEBUR. 2. Corporate income tax incentives to
promote energy efficiency
(1) BRJpie Ry A i Al

AR B R - (1) Corporate income tax incentives to
encourage production of energy-

SRR IR [ B B economizing products
gﬁmﬁinﬁéigﬁéz& Direct incentives for halving the tax rate is
4880 . XUL;”E:,; I A B recommended: For enterprises fully engaged in
Feh EE’F‘E'ME&[&I Emifg the production of energy—saving products,

HH 2 )

9 = corporate income tax rate should be halved;
LT IREr MR I A, For enterprises not fully engaged in the

PLAE AN pr L. (B production of energy-saving products, their
SRAN A TR ELTT R 7= i A revenues deriving from the production and
PR EE, RSB E L sales of energy-saving products can also enjoy

Ny N g gari ] S half tax rate, but they must separate revenue
té;ﬁ?‘%ﬂ'ﬂ:ﬁbéxﬁl&ﬁﬁ accounts of energy-saving products and non-

energy-saving products.

=. BEFIER
lll. Conceptions and Recommendations

(2) [RBE B 5 A RIS 22 1 (2) Corporate income tax incentives to

g promote the use and consumption of
RBLES energy-efficient products.

For equipment purchased by enterprises to
reach the energy-consumption standards
set by the State, a certain percentage (e.g.
15%) of the purchase amount can be
deducted from the taxable amount.

If the taxable amount of the current year is not
sufficient for the deduction, the taxable
amount for the following years (a
maximum of 4 successive years) can be
accumulated.

SR W INEE ~EREN

For energy-saving equipment that become
fixed assets, a shortened depreciation
period or accelerated depreciation
should be allowed.
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[ll. Conceptions and Recommendations

( 3) BNV ER R (3) Catalogue for Corporate Income Tax
mEEF Incentives to Promote Energy Efficiency

should be well developed.

3. BURFRIEBIR

3. Government procurement policies

= I .
%ﬂgﬁ;{ﬂﬁﬂﬁ%&g{ﬁ{&%ﬁ The authentication of energy-efficient products

WA 5 REBUR should be strengthened, and government

ST Th SRR procurement on energy-efficient products

RITH B B I, should be sped up.

PEBLHIRE s HaE T RE™

mBUNRIBIIEAEHAT  Procurement should be based on a centralized

THE. model, and the contract supply system for
energy efficient products should be
attempted. Support for the government
procurement of energy efficient products
should be further reinforced.

=, BEAER

lll. Conceptions and Recommendations

(=]

)

1

4 B ) A SET ii. Fiscal policy recommendations to support
> <5 2 ~
X

the development of clean energy.

NN 1. Promote fiscal policy recommendations
&k £ :
N HEREIR R I for sustainable energy development

(1) Adjust and improve VAT treatments on
renewable energy resources

B

Wind power plants:
1. VAT treatment should be lowered to at
least lower than or equivalent to coal
electricity plants.

Small-sized hydropower plants:

1. VAT rate for all hydropower plants
should be commonly lowered to at least
equivalent level of coal electricity
plants.

2. VAT rate for small-sized hydropower
plants be maintained at about 3%.

FRESFEEE
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[ll. Conceptions and Recommendations

VHRERI 5 B AR BRYE Al (2) Adjust and improve corporate income tax

measures on firms engaged in producing
and marketing renewable energy
resources.

In the future consolidation of corporate
income taxes, consideration for the
development of renewable energy
resources should be made from the
national level:

A 15% corporate income rate should be
used for all firms manufacturing or
selling renewable energy products.

Investments of the renewable energy
firms can be deducted by a certain
amount in calculating income taxes.
An accelerated depreciation method
should be used and expenses on R&D
increased.

=. BEANER
[ll. Conceptions and Recommendations

(3) HHEASE 2= A 1
A BRI B R
Bk

IRl 2% D Sl e P % <
e, A XA HE
A Bt 0 E AR
A FR A BRI o

Pz A Aar—

FALRBANIE IR
BERL, PARfR A1
P AR PR [R5 B

RARE”, FRMEAT

FAERBIR AR -

(3) Adjust and improve import tariff
treatments on equipments for producing
renewable energy resources.

Encourage domestic investments in renewable
energy.

Future purchases of renewable energy.
equipment by domestic firms should also
enjoy the treatment of tariff and import
VAT exemption to ensure domestic and
foreign firms are treated equally.
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[ll. Conceptions and Recommendations

(4) BRI B 57 ) B AL BEVR (4) Clarify the directions and focus of

T [E] A A financial support for the
‘ development of renewable energy.

—— AR RRTATERIBE e suggest:
SRR - Increase policy support for R&D

in renewable energy resources.
—— 503 [ SR 00 B A BE VR KA
MEBL o - Improve state subsidies for

renewable energy.

— SRR B R AR BEYR R B o
Focus on renewable energy
development in rural areas.

(5) KRTHBBR 58T NBUEE 5) | fiscal and banki di
Py O oabn oo ot tie o Credit

development of renewable energy.

=. BEFEIN
[ll. Conceptions and Recommendations

2. %1%%%@& A ERIMBEBL 2. Fiscal policy recommendations to accelerate
3

nuclear power development in China.

We suggest the following fiscal measures:

Earmarked funds to support nuclear power
generation, allowing for sufficient expenses in
relevant R&D activities, focus on R&D for
advanced technologies, and design
automation.

The government should share the construction
risks and “initiation expenses” of the
automated projects with the nuclear power
plant owners, and provide appropriate
amounts of subsidies for their technological
innovations.




=. BEANER
[ll. Conceptions and Recommendations

(2) RN KR A B (2) Import taxes should be exempt from
;%%%E 5% %gggﬁ% relevant materials, and components
J ) T = or equipments that cannot be
E{%ﬁ}%ﬁﬁﬁ&%ﬁﬁﬁn domestically produced.

(3) 5237 r R R (3) VAT on nuclear-power plants
@1‘,5(520105'5—%‘%& B should be lowered to the level of
AR AR B/ 7K B A VAT on small-sized water power
2 (6%) , PR R E plants (6%6), so as to minimize cost
AR, WsEZ BELE and support the competitiveness of
MFEST], REZERE. nuclear power.

=. BHEFEIN
[ll. Conceptions and Recommendations

3. Fiscal policy recommendations to accelerate
washed coal development in China.

S=
o
=
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(1) Support R&D in basic clean coal
technologies, as well as clean coal
technology demonstration projects that are
also environmentally friendly but more
risky and call for larger investment, such
as coal gas and liquid coal.
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(2) Incentives should cover tariff, export VAT
and financing supports, as well as low-
interest-rate loans or financial interest
subsidies.
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=
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(3) Encourage coal-selecting
enterprises to promote
technological innovations.

e

WIS 3R

Include clean-coal
technologies in key national
innovation projects that
enjoy energy-economizing
loans and support for
technological innovation.

HHEDF =S
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[ll. Conceptions and Recommendations

(4) Encourage the implementation of
\&—E a “discriminatory’ fee charge
method on SO2 emissions:

s
e
&
1

¥
=
3
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%

Lower charges on low-emitting
firms that utilize advance
technologies.

=N
s,
=
=
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Increase charges on firms causing
environmental problems but still
within emission standard.
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Administer punitive charges on
firms causing serious
environmental problems and
emitting beyond standards.

22
o5
S

iii. Fiscal policies to promote energy
structural adjustment and to
ensure energy supply
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1. Establish a national strategic

. %ﬁ@ii@%ﬁlﬂﬁfﬁ YR fifs 2415 oil reserve system

Both foreign experience and
domestic specificities should be
considered when financing the
the national oil reserve.
Foreign experiences suggest
the following :

Establish a special fund
through price increases on
finished oil or a proportion
from other specific taxation
sources (e.g. oil excise duty).

(2) FHLE IBLR;
Q) FATETE .

(2) Levy a special tax.

(3) Issue earmarked national debts.

=. BEAEIN
[ll. Conceptions and Recommendations

2. KA FHERREAIIFHEES e 2. Vigorously promote state-owned energy
EOETT enterprises to develop an overseas

energy cooperative market.

}‘ 5z /\‘EE‘ ) V.= = ~ 5
%@%%@ﬁﬁ%@ﬁgi?@@%@ﬁ The government should:
@i%ﬁ%%%ﬁ%’ ?;;xmjﬁ - Coordinate the overseas business of the
ﬁ*ﬁﬁ%iéﬁ%ﬂﬁ?kéﬁ%ﬁﬁi three large oil enterprises and specially
DL, BRI BGRAT DU &7 Larcoltl:lécgherggelr approval systems and
a, FENEIEE, BERRIE
ST S TR B -

Provide special fiscal supports for
financial management, investment risk
funds, and taxation deduction
incentives.
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lIl. Conceptions and Recommendations

3. PAE Bl AL G RET 3. Vigorously support the
R R development of traditional
: E energy industries.

ME a2 b e S . Coal resource tax measures
%% ?ﬁ%ﬁ%ﬁﬁ% should be further adjusted.
) ARy ML
TEH; g:@ﬁﬁﬁq&ﬂl%\ - The adjusting role of the
J/Eikﬂj %ﬁl%, fﬁlﬂiﬁﬁ'z resource tax instrument should
fcéifzo be reinforced.

Taxation policies and corporate
financial regulations should be
utilized to promote production
safety.

=. BEANER
[ll. Conceptions and Recommendations

g g ] iv. Fiscal policy recommendations to
QUIPES-Z57: /10 ar W
ﬁﬁﬂ%ﬁ?ﬁ)ﬁﬁm%@‘i e

& ¥ technological innovations

1. BEIIBURN REEHT 2 P . Increase budgetary investments in
N energy R&D activities.

2. BT REIEIT
HI R T SR SR AL A B, . Provide interest discounts for
B bank loans for enterprises’ energy.

R&D activities.
3. B ABIIL B BURSCRF

By :
BEVRAT & 3. Use tax incentives to support
energy R&D.

13
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eptions and Recommendations

. V. Suggestions on reforming the central-local
ﬂﬁﬁﬁ:ﬁ%ﬁé\\ fiscal system for energy development
Gl ngs

1. Based on the minimum standards on
energy exploitation set by the state, to
minimize the short-term behaviors and
wastes evidenced at normal fossil energy
bases, the central government should
rebate the tax revenues or fee charges from
raising exploiting or retraction rates to
local governments.

R KIFR

2. Large and medium-sized enterprises with
advanced technologies and high exploiting
and producing efficiency should be
encouraged by taxation incentives, so as to
prevent highly energy-consuming small-
sized enterprises from developing too fast.

3:]:\
4
4
e

=. BEANER
[ll. Conceptions and Recommendations

gz s b 5 4 B A 2 3. Tax revenues from negative
3. MR RESAT I 50U restrictive measures (carbon

[ PRI B S 5 B tax, energy tax and etc.)
(Bt BEVRAIES) , should be retained as central

W Sy A S BRFIE 2 N government revenues, or

shared with the local

B A BB 5 = government.

O EBORHE, Bk

BUNLEREVRAE =, TH 5 The central government

e o b b should take a majority of the

RS TT T A RE T - revenues, so as to reinforce
the central government’s
control over energy
production, consumption, and
economization.




Fiscal Instruments for Pollution Control:
Attractions, Limitations, and Strategies

EE SELIVNEY E
. BREEFIREE

Lawrence H. Goulder
Stanford University

AR KA

Important to recognize INVRBI B TFE L5

attractions and limitations of

n,
fiscal instruments. @%IS@EIIE o Eg°
» Benefits and costs for o @%?&Wﬂﬁﬁ'—?ﬁﬁiﬁ
the nation as a whole
. 3 2% =
« Potential winners, PE'%EXJ/IR%“ X%%
losers, and associated &ﬁ?@ﬁlﬁiﬂ‘]gﬁﬁﬁ

political challenges




Fiscal Approaches to Environmental Protection

EREE R R IV B T

. Taxes on:
emissions or effluent releases
(pollution levy)
goods or services associated with
pollution (gasoline tax)

. Tax Credits for:

« Clean energy purchases by

consumers (installing insulation)

Use of clean energy production
methods (electricity from
renewable sources)

Investments in cleaner production
equipment (better methane capture
from natural gas pipelines)
. Subsidies to research and development
of new, clean technologies

. Policy Packages:

A.

B
o FEREREUABIKHR GFHBMO
X RT R T SRR AR GR
B
DAL -
HIRE WSEHREIE (ZRERHE)
o FAWEHRRRAE TR (THEAR
TRED
BARRETRE (NRRVEE
e v 5 2]
A SR EHT BFRB AR AT AW
BURTTR:
SOBURKEE. FAAEBAME—

Green tax retfolrtm: ustingf;_ BT ABLEVE LB D
environmental taxes to rinance . %E%‘ﬁ%ﬂﬁlﬁﬂf%@% %ﬂﬁﬁﬁﬂ‘?
d | :
;:;)zzsm ordinary income or sales B% A LR B B C.
Linked environmental policies:
using emissions taxes to pay for B
or C above.
Questions
‘=18
|a) L
1. What h ial i
Wit are e polental stractions 1. HF BRI 0T
instruments?
2. BRERSR K I B B R B K ?
2. Which types of fiscal instruments -~ W% NBUR?
are best? - R ?
-- “Carrots”? - BABORMHEE?
-- “Sticks” ?
-- A Combination? 3. MBEFBRESRWENFREHTEMN
o WE (HEERD ?
3. Do fiscal |ns|trume|ntt$ malée .
PG s e 4. VAT B E R O B 2
4. How extensively are fiscal 5. PEESHLEREMME XEFR? ¢

instruments used in various
countries?

5. Is it worthwhile for China to
expand use of these instruments
now? Or does the “Environmental
Kuznets Curve” imply it is better to
wait until a higher per-capita
income level is reached?

FREE LR MR BB RIRE RIFE R
FENHBANE B ERAKF G ?




Fiscal Approaches to Environmental Protection

MR R TP IV B I

Taxes on:

emissions or effluent releases
(pollution levy)

goods or services associated with
pollution (gasoline tax)

. Tax Credits for:

Subsidies to research and development of
new, clean technologies

Policy Packages:

Clean energy purchases by
consumers (installing insulation)
Use of clean energy production
methods (electricity from renewable
sources)

Investments in cleaner production
equipment (better methane capture
from natural gas pipelines)

Green tax reform: using
environmental taxes to finance cuts in
ordinary income or sales taxes
Linked environmental policies: using
emissions taxes to pay for B or C
above.

“sticks”

“carrots”

A, Bilg:
ERTFRIA BRI
(€2 7L 9)
o XERIT R S ERR
SR GRHBD
B. BLLE:
o HEEEXIEG R
CRERIRRR)
R AU A= X
CAT AR RBUR A HD)
BRI BE (A
éﬁ)ﬂiﬁ%‘iﬁl&ﬁiﬁﬁﬁ
C.  AhWh: SBFRATRFMREA L
ATANE
D. BUR%E:
+ FEBKKE: FMEF
BB R BER
BB
REFRBORBCR K
g}ﬁ H5BAT B B
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1. What are the potential attractions and
limitations of fiscal instruments?
1. MBI ML BREMREESHME?

PF

Attractions:

1.

Cost-effectiveness

¢ Helps assure that pollution-

reductions will be made

where they can be achieved

most cheaply

« Direct regulation generally
cannot assure this --

regulators have insufficient

information

Innovation incentives
¢ Sustained rewards from

L.

2.

discovering cleaner methods

Efficient source of revenue

* Allows for socially beneficial

“green tax reform” -- taxing

“bads” allows for lower taxes

on “goods”

A

o HHTHRUBRIH A NG T
©  HEBEHEE LGRS R —

BEAARZEH

Rl RIFT

o TBEBEHREARTEILTE

WS B 25 A

© HEATHSH REBHHE —
— W IS B, IR AR

B




1. What are the potential attractions and
limitations of fiscal instruments? (continued)

1L MEFRAMLEBERBSRE? (8D

1. Larger share of policy cost

falls on polluting facilities
This can be overcome
through partial Tax_es_on
exemptions emissions
- . or fuels
2. Greater visibility of policy
cost
3. The quantity of pollution is
uncertain
but the cost of
abatement is clearer
4. Drain on public revenue
(compete with other revenue
needs; enlarge public
deﬁcns)
(in U.S., this is Tax-
significant obstacle to credits
increased Federal d R&D
support for R&D) EAne) I
Partial solution to this subsidies
problem:
environmental policy
linkage. Use
emissions tax revenue

to finance these
subsidies.

2. BURBAEMZEH
3. BYEAHE

4. WAL (5EABRARET

feBa:
1. VSRR AR 2 M BUR A A

LB R R B
AR
BB

180757 /5T I
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FRTGBIMA K IR LEfR e 2
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BB
TR

2. Which types of fiscal instruments are best?

-- “Carrots”?

-~ “Bi%F MNESRT?

Excluding the sticks is politically
expedient in U.S. (perhaps in China as
well) -- But it is economically wasteful

« Emissions taxes focus most
directly with problem of
environmental externalities
(“pollution market failure™)

¢« Government subsidies to R&D
focus most directly on problem of
insufficient incentives to innovate
(“innovation market failure™)

The least-cost approach to environmental
Erotectlon and clean energy involves
oth tg/pes of policies (carrots and
sticks

¢ Goulder and Schneider (1999):
achieving 15% reduction in U.S.
carbon emissions is 10 times more
costly if achieved solely through
R&D subsidies

-- “Sticks”?
2. WRLE S BY 1Y It B T B
- “KBHBR?

-- A Combination?
ERIFH?
- AMBRER?

AR, R KRBORAEBOR AR
SRRt

« HNEBIEEEES XIS BN ]
B CHERTHRR)

o BUSKBHTRIEATH G B A ik
ZRIFBR CRIFTTHRR)

SEMRAXPHMBOR (A% MBSRS REE
) RARFEFERREI R BEIR M A
BARIKI A R

« Goulder M Schneider (1999): £E
BRHEERE R D 15% iR RAE R
1075, WA FMBHPER NS,




3. Do fiscal instruments make conventional regulation unnecessary?

3 MHFHRRTEREFNFTEERITEMFR?

Emissions taxes can remove need for
some direct controls, particularly if
introduced “upstream”

e For example, a carbon tax, if
imposed on suppliers of primary
fuels, would encourage electric
power generators to switch to
cleaner fuel sources (hydro power,
wind power, etc.) or to lightly taxed
fuels (natural gas). No need for
direct fuel-switching requirements.

But several types of economic activity are
not easily addressed through fiscal
instruments. Examples:

* Mobile-source emissions (cars,
planes)

* Non-point agricultural sources

In these cases, monitoring emissions
is very costly or impossible. Direct
controls (efficiency standards,
mandated technologies) are better.
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In Sum
IS8

The most cost-effective promotion of
environmental protection (including clean
energy) involves:
Combination of taxes (or tax-breaks) and
R&D subsidies
Combination of fiscal approaches and
direct controls

Many fiscal approaches suffer a political
disadvantage. But some disadvantages can be
reduced or eliminated through judicious policy
design (inframarginal exemptions, policy-linkage)

A. Taxes on Pollution

B. Tax Credits for clean

production or consumption
. Subsidies to R&D

. Policy Packages (linked policies)

Direct Controls
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4.How extensively are fiscal

instruments used?

4. W BUF B RIHET IR E ANy 2

Table 1:

Contributions of Environment-
Related Taxes to Overall Tax
Revenues for OECD Countries in
1997.

Source: OECD

Environment- Environment-
Related Tax Total Tax Related Tax Environment-
Revenue Revenue op Revenue as Related Tax
(millions of US  (millions of US  (billions of US  Percent of Total ~ Revenue as
Country dollars) dollars) dollars) Tax Revenue  Percent of GDP
Auslria 91,297 206.7 333 235
Belgium 141 2436 513 233
Canada 13.242 236,225 6400 561 207
Czech Republic 20.460 530 733
Denmark 84.233 1684 9.24
Finland B 56,520 12 7.01
France 30,156 635.746 1.406.0
Germany 46382 782305 20145
Creece 4.746 40,504 1200 3
Hungary 1,292 17.868 458 2.82
Teeland
Ireland 3.03
Italy 1.159.5 326
Japan k l.. 41953 5.94 1.70
Korea 13.333 101.880 476.9 13.00 2.80
Luxembourg 504 7.303 15 6.89 2.88
Mexico
Netherlands 13,668 15 376 8.64 363
New Zealand 1108 2 649 4.70 171
Norway 65 155.0 848 3.59
Poland 55 1432 420 1.64
Portugal 3670 34, 104.3 1051 352
Spain 11.904 55 214
Sweden 7276 2 306
Switzerland 5.020 86.720 256.3 5.79 1.96
Turkey 5846 53.007 190.2 11.03 307
United Kingdom 38247 464383 8.24 291
United States 2.299,136 336 0.05
I']‘oml 417.090 7.551.318 5.52 1.85




Bz 53 | BBK (H | BRLE | 53 | 538
HXRM | TR FERME | BRI | FRW
Bk MMz | Bk | Bllkdy
CHTT BT Bk | ERLE
ESm) MES | PR
= ioN=p.
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. B R 4, 865 91, 297 206. 7 |5.33 2. 35
Table 1: HeF B 5,715 111, 411 243.6 5.13 2.35
q " SN 13,242 [ 236,225 640. 0 5.61 2.07
Contributions of FrIEMm | 1,501 20, 460 53.0 7.33 2.83
Environment-Related Taxes E}i
7, 780 84, 223 168. 4 9.24 4.62
to Overall TaX_ Re_\/enues for = 3,963 56, 526 122.5 7.01 3.23
OECD Countries in 1997. ®E 30, 166 | 635, 746 1,406.0 | 4.74 2.14
P 46,382 | 782, 305 2,114.5 | 5.93 2.19
hE 4,746 40, 504 120.0 11.72 3.95
B 1,292 17, 868 45.8 7.23 2.82
Source: OECD 3] 2, 377
EIRZE 2, 381 25, 772 78.5 9.24 3.03
B 37,790 | 515, 237 1,159.5 | 7.33 3.26
H4s 71,388 | 1,202,355 | 4,195.3 | 5.94 1. 70
* 1. 5E 13,333 | 101, 880 476.9 13. 09 2.80
FSRREE 504 7,303 17.5 6.89 2.88
A > B e 67, 763
1997 &P AEGRRAN 2% 13, 668 | 158, 109 376. 7 8. 64 3.63
£ H 53R BT B R 5,570 65, 676 155. 0 8. 48 3. 59
B TR e 2, 350 55, 936 143.2 4.20 1. 64
~IAe B/ET 3,670 34,919 104.3 10. 51 3.52
FHEEF 11,964 | 188,355 558. 6 6.35 2.14
T 7,276 122, 252 237.5 5.95 3.06
9 5 fme 5, 020 86, 729 256. 3 5.79 1.96
TERR: 2 6EEREA +THH 5, 846 53, 007 190. 2 11.03 3.07
m ZE 38,247 | 464, 383 1,315.7 [8.24 2.91
A EXE 77,333 | 2,299,136 | 8,121.0 | 3.36 0.95
£ 417,090 | 7,551,318 | 22,571 | 5.52 1. 85

5. Is it worthwhile to use these instruments now?

5 REALENEME XEFR?

Cross-country comparisons suggest that

a nation’s environmental quality

begins to improve when its per-capita

income reaches ~$7000-$9000

(30,000-39,000 RMB).

Does this imply it's best for China to wait
until per-capita income reaches this
level before aggressively addressing

pollution?

ZENEMRARE, —MERNTERESAE
AW IER] 7000 F| 9000 6 (FAHTF
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Environmental Kuznets Curve
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5. Is It worthwhile to use these instruments now?
(continued)

SREAVENEMMEN XEFR? (L)

Two arguments against waiting:

1. The “inevitable” inventing of clean
technologies will occur later than what is
best for society

Innovation market failure: The private
reward from invention efforts falls
short of the social benefit.
Consequently, private markets provide
insufficient incentives to invent and
innovate.

Tilted playing field: In absence of
policies to deal with pollution
externalities, conventional, “dirty”
production processes can be employed
at costs below their full social cost. As
aresult, new, clean technologies face
an inefficiently large cost-challenge.

Example: in U.S., the market
penetration of clean, hybrid cars
is made more difficult because
gasoline taxes are relatively low,
and cost of using conventional
cars is therefore low as well.
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5. Is it worthwhile to use these instruments now?
(continued)

5 R ALEINEME XEFHR? (L)

2. A “waiting” nation will suffer
excessive environmental
damage during the time-
interval from now until the
arrival of the clean technology

Economic analysis indicates
that, at all points in time,
social welfare is enhanced
if fiscal policies can help
bring prices of
environmentally damaging
activities closer to their full
social cost (or if direct
regulation can cause
producers and consumers
to act as if they faced such
prices).
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5. Is it worthwhile to use these instruments now?

(continued)

5. e AV ENEMRME XLEFE? (4
Xof Hf [ B )R 7

Implications for China:

+ Taxes on emissions and
tax-credits for pollution-
reduction

China’s current levy
rates are below the
efficiency-maximizing
rates (marginal
environmental
damages). Higher rates
can produce
environmental benefits
in excess of regulatory
costs.

e R&D support

o AEBHEG BT AR 3
B

#H B BT 75 # 1 T
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Table 2: Science Development Indicators

[1987-1997  [1987-1997

[1987-1997 1997 No. of
ey R&D Scientists  [Technicians  [Patent

Expenditure [Engaged in [Engaged in  [Applications

las % of GNP [R&D per  [R&D per  [per Million

IMillion IMillion

lAustralia 1.80 3357 797 2342
[Denmark 1.95 3259 2644 14076
[Finland 278 2799 1996 12709
[France 225 2659 2873 1681
|Germany 241 2831 1472 1889
Bapan 280 4909 827 3182
ISpain 090 1305 343 2137
[Sweden 376 3826 3166 9482
lUnited Kingdom 1.95 2448 1017 2192
lUnited States 263 3676 - 2342
Mid-Income Countries|  2.00 2662 14439 5815
[China o 310‘}?‘;003) 454 233 3




Table 2: Science Development Indicators

* 2: BFERRER

EES 1987 - 1997 | 1987 - 1997 | 1987 - 1997 | 1997 E&H
EMERBRAS | ESEAAD | EEEAAND | FAOEHH
EW4A=BE | PAETERN | FAFERREN | EHE
A FHERIASR | RHERHAS

BWARRIE 1. 80 3357 797 2342

F 1.95 3259 2644 14076

=z 2.78 2799 1996 12709

VR 2.25 2659 2873 1681

5 2.41 2831 1472 1889

HZ 2.80 4909 827 3182

VIBEF 0.90 1305 343 2137

FR 3.76 3826 3166 9482

HiE 1.95 2448 1017 2192

*£H 2.63 3676 - 2342

PEKRAEZR | 2.00 2662 14439 5815

hE 0. 66 (2003 £ | 454 233 43
>k 1.31)

5. Is it worthwhile to use these instruments now?

(continued)

5 RRALENEMMEN XLEFKR? (£

Implications for China:

Xt 9

Taxes on emissions and tax-credits
for pollution-reduction

China’s current levy rates are
below the efficiency-maximizing
rates (marginal environmental
damages). Higher rates can
produce environmental benefits

AEWCHES LA AR5 S B R

[ BT 1975 RPN TR
BANHIHE (LFHIERE
) o BEHFEFRAIH Y
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in excess of regulatory costs.

R&D support

© BERXR

China’s share of GDP devoted

to R&D is fairly low relative to
other nations (but growing
significantly). Studies of social

return to R&D suggest

increased commitment would
produce social net benefits.
Nature of R&D support is as

LRMESL, HREAL
7[5 [ P41 27 5 (A L PR T
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important as expenditure level.
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5. Is it worthwhile to use these instruments now?

(continued)

5. R AW ENEMME XEFER? (4D

Thus, the existence of an
“Environmental Kuznets Curve”
does not imply it's best for China to
postpone vigorous environmental
protection:

* benefits of speeding up the
arrival of newly invented, clean
technologies (via R&D support
as well as emissions policies)
are likely to exceed the social
costs

¢ in the interim, benefits from
reducing pollution now (via
fiscal instruments or direct
controls) are likely to exceed
the social costs.
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6.Conclusions
6.1t

1. Fiscal instruments can help
bring prices in line with social
costs = bring better balance
of environmental and other
goals.

2. Fiscal instruments offer
several attractions relative to
direct controls

* Cost-effectiveness
¢ Innovation incentives
« Efficient revenue source

3. Key drawback of these
instruments: larger share of
policy cost falls on polluting
facilities.

e Butfiscal instruments can
be designed in a way that
avoids this problem.
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6.Conclusions (continued)
6.4518 (4D

4. Achieving environmental goals at
lowest cost requires a mix of
approaches

Both emissions-oriented policies
and technology-push policies (to
address two types of market
failure)

Both fiscal instruments and direct
controls

5. The presence of an “Environmental
Kuznets Curve” does not offer
justification for China’'s postponing
significant action to reduce pollution
or encourage cleaner energy use.

Raising pollution levy rates closer
to marginal environmental
damages can yield social net
benefits

Increasing commitment to R&D
(and changing the incentive
structure) can also may provide
overall social welfare gains.
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