switchasia

@® REGIONAL POLICY ADVOCACY Funded by the

European Union

Clean energy development in China

--the real potential and real challenge

December 04, Tsinghua University

Lixiao ZHANG, Professor
School of Environment

Beijing Normal University




switchasia

@® REGIONAL POLICY ADVOCACY

e
European Union

Today’s Topics

1 The resource potential and development status of China’s CE
2 Renewability of biomass energy in China

3 MFA/LCA/EA of wind power development in China
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Pre-talk questions

O Why for clean production and recycling?

O What’s the difference between the concepts of clean energy,
renewable energy, non-fossil energy?

O Do you think or believe clean energy will play a big role in

future energy mix in China as well as at worldwide?

Clean energy development in China Date and Location



Changes of focus for sustainable development in China SWItChaSIa T
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Cleaner production and clean energy
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Cleaner Production ...... Definition by UNEP

“ Cleaner Production is the continuous application of an

integrated, preventive environmental strategy towards processes,

products and services in order to increase overall efficiency and

reduce damage and risks for humans and the environment.”
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Cleaner production and clean energy switchasia
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Cleaner Production ...... Option 1: Input material substitution

7 OPERATION

1/ Change inputs materials, water and energy:

> Replacing toxic or harmful materials with less toxic
> Use of renewable materials : — i

> Use materials with longer lifetime aseld \WASTES &
> Material purification =5 EMISSIONS
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The resource potential and development status of China’s CE
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Clean energy family switchasia

Biomass Energ Geothermal Energ Nuclear energy
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The resource potential estimation switchasia

Hydro energy resource

Wind resource Solar resource
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<4150 ( Low)
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Technlcal exploitation Explored capacity
Hydro power 350 (by 2017) 53.0%

3500 198
PV power 2200 190 8.6%

460 (Mtce) 22 (Mtce) 6.1%
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12 t-13" FYP clean energy development goals e

target
Hydropower (GW) 216.06 290 319.54 110.2% 340 350 102.9%
Wind power (GW) 31 100 129 129.0% 210 198 94.3%
PV power (MW) 0.8 21 43.18 205.6% 105 190 181.0%
Biomass power (GW) 5.5 13 10.3 79.2% 15 17.84 118.9%
Solar thermal power (MW) 500 200 40%
Nuclear power (GW) 45 44.6 99%
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Main policy initiatives
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Year

Incentive policy

Issuing authority

Main influences

2005

2006

Notice on the relevant requirements of wind
power construction management

Renewable energy law

2007

2008

2009

2009
2013

2016

2016

2016

2016

2016

2017

Medium and long-term development plan for
renewable energy

Renewable energy development plan for “11th
Five-Year"

Notice on canceling the localization rate of
procurement equipment for wind power project
Renewable Energy Law Amendment Act

Wind power development "12th Five-Year"
planning

Notice on promoting electric energy storage to
participate in peak service of "Three North" area
Notice of the 2016 national wind power
development and construction plan
Management measures of full guaranteed
acquisition of renewable energy generation

Opinions on promoting coordinated
development of electric power in Northeast
China

Wind power development "13th Five-Year"
planning

Opinions on deepening the reform of the price
mechanism in an all-round way

National Development and
Reform Commission

The National People's Congress
National Development and
Reform Commission

National Development and
Reform Commission

National Development and
Reform Commission

The National People's Congress
National Energy Administration

National Energy Administration
National Energy Administration

National Energy Administration

National Energy Administration

National Energy Administration

National Development and
Reform Commission

Localization rate of wind power equipment is asked to reach more than 70%; the
wind farm, which does not meet the requirements of the equipment localization
rate, is not allowed to build

It provides a legal framework for the development of wind power in China and
establishes a relatively complete legal framework for renewable energy.

Strive to make renewable energy consumption in 2010 reach 10% of total energy
consumption, to reach 15% in 2020.

In the 11th Five-Year period, the new wind power installed capacity is planned to
reach 9 million kilowatts; by 2010, the total installed capacity of wind power is
planned to reach 10 million kilowatts.

Cancel procurement requirement on 70% localization rate.

National finance sets up a renewable energy development fund.

By 2015, the wind power installed capacity is planned to reach 100 million
kilowatts, the annual generating capacity is planned to reach 190 billion kWh, and
the proportion of wind power in total electricity generation is planned to exceed
3%.

Energy storage facilities are planned to be an important mean of peak shaving.

No new project is arranged to the "three north area", which has serious abandoning
wind problem.

The annual electricity generation of the renewable energy grid power generation
project is divided into two parts: the indemnification purchase electricity and the
market transaction electricity.

Accelerate the construction of power transmission channel, control the scale and
construction rhythm of wind power.

By the end of 2020, the national wind power generation capacity is planned to
reach 420 billion kWh, accounting for about 6% of the total power generation.
By 2020, the electricity price of wind power is equivalent to that of coal-fired power
generation.
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European Union



switchasia

Hydropo Wer @® REGIONAL POLICY ADVOCACY
® Chinais sitting in the world’s first place in terms [ Installed capacity (GW)
1000 ~ e B Energy generation(TWh) 132 .4
. : : B 430
of both installed and generation capacity. A e
a0 Installed capacity Share(%) 1 285
. = = 4260
® In 2018, China has registered an installed | A N ’_,.\ 1
- - . 600 L =4 4 22
hydraulic capacity of 352 GW of electricity, and \ 1 29
\
A 418
an annual grid power generation capacity of = A a 116
i A g
Energy generation = - 14
1232.93 TWh of electricity, accounting for 17.6% 200 Share(%) 12
10
of the total electricity generated in the country. B ) 8
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Hydropower stations(Top 10) switchasia
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Challenges switchasia

® Hydropower curtailment

Imbalance of supply and demand and grimly consumption situation
of water power

® Low efficiency of pumped storage power station

Affected by overcapacity, thermal power, and other causes of power
peaking in the utilization rate of decreasing storage

® Negative impact on the environment

Regional ecosystem

® Lowing economic return

Mountainous, difficult and higher cost to construct

® Resettlement difficulties

WWW.Chhubel:col
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Accumulated installed capacity (MW)

Year
Accumulated installed capacity of wind power in China Structure of the accumulated wind power installed capacity in 2018

® Accumulated installed capacity increased from 1.27GW in 2006 to 211GW in 2018, with 166 times increase.
® Dominant wind turbine size updated quickly with the wind turbine size enlargement.

® By 2018, China has become the world‘s largest wind power market, accounting for 36%o of the total.
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Wind power curtailment
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Wind curtailment rates in “Sanbei” region, 2016

43% 13%

g

S

30%
5’ 13%

Wind energy resources and curtailment rates in the Sanbei region

Clean energy development in China
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Solar power switchasia

Gigawatts

: : : World Total Total
® China enjoys a fast growth of its 450 402 Gigawatts global
400 _ capacity
solar photovoltaic industry since 350 40
300 303_-_ M Rest of World
H ltaly
2004 250 228 _._ B Germany
200 177— _i_._ | Japanc|
o . . B Uni S
® China has kept first place in the 150 137 _-_._._ AR
<
100 20 100_-_i_=_._ | - O\_
world since 2007 in terms of 50 s <mml mm BN w8
g 15 B .= i H T = [t
0 —=mmesWESTTERT =SS —7— ||

productlon Of phOtOVOIta|C Ce”S 2007 2008 2009 2010 20M 2012 2013 2014 2015 2016 @ 2017

® Ever since March 2009, particularly during 2011-2015, a series of incentives, including direct subsidies for

solar PV installations, a national FIT scheme, among others, have been implemented by the government

Clean energy development in China Date and Location



Solar power switchasia I

® China’s solar PV accumulated installed capacity reached
131 GW by the end of 2017, including 100.6 GW of large-

scale PV and 30.5 GW of distributed PV, resulting in a

1310-fold increase in capacity from 0.1 GW in 2006 to 53

ws Annual installed capacity
GW in 2017. 120 :?:.mmimlmdty 120
. _ 3 z
® Solar power generation increased from 0.1 TWh in 2006 to B © 3
118.2 TWh in 2017, accounting for 1.67% of total power 40 o 8

(=]

generation.

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Growth of solar power in China between 2006 and 2017
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Economic cost switchasia

Average renewable power generation costs in the fossil fuel range in 2017

I Fossil fuel cost range == Global Average
Geothermal s
o
Solar PV '
solar power
Offshore wind
Onshore wind USD/kWh
0 0.05 0.10 0.15 0.20 0.25 0.30

www.irena.org G:@IREN«A
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Biomass power switchasia I
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Installed capacity and generating capacity of biomass power in China

Data source: China Electricity Statistical Yearbook

Clean energy development in China Date and Location




Nuclear power switchasia I

44.6 GW
NUCLEAR POWER PLANTS IN CHINA
5000 Hongyanhe nuclear
4464 516 powerplant EEEE
4500 /B wmua,
4000 /7 Tianwan nuclear
3581 LS power plant EEun
3500 2363 B/ St pue,
3000 SEOE Qinshan No.2 IIII.
Qinshan No.3 L L
2500 o
Sanmen nuclear
1988 power plant llll.
2000 Ningde nuclear
1461 power plant llll
1500 191 1257 Fuging r}uc:ei.
1082 B ™ COMMERCIAL CFERATION Dayaw:na:uclea- e
1000 B UNCER CONSTRUCTION power plant L
B NORC APPROVED w\g\:?;ggltear am
500 LT nmar power plant Lingdeng nuclear g
0 Changjlang nuclear power plant L~
pals power plan - Taishan lr;l%clea -
200 2011 2012 2013 2014 2015 2016 2017 2018 yes ok .
‘n_-“& Yangjiang nuclear
o . power plant L X
m EZRIEVENTE (TR
Source: The Radicactive Safety Center of the Ministry of Enwvircnmental Protection

Data source: China Electricity Statistical Yearbook
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Discussions switchasia

O What’s do you think the possible resources impacts
derived from the development of CE?

O What'’s do you think the possible environmental
impacts derived from the development of CE?

O What’s do you think the possible ecological impacts

derived from the development of CE?

Clean energy development in China Date and Location
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Renewability of biomass energy in China

Clean energy development in China Date and Location



Life cycle thinking switchasia

* Consider the entire life cycle of a product when
evaluating its environmental impacts

e raw material extraction = processing = manufacturing -
transport = use 2 recycle/reuse = disposal

N\
Material extraction Material processing Manufacturing Waste management
Recycle Remanufacture

L L

US Office of Technology Assessment (1992)

Clean energy development in China Date and Location



LCA method switchasia

Unit processes
Standard processes “Gate to gate”

emissions

1

|production |

use phase g disposal emissions

Cradle to gate
Gate to grave

Cradle to grave
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Renewability analysis switchasia I

> Low Quality (Low Energy Density)
» Disperse Distribution

Clean energy development in China Date and Location



Energy quality switchasia

Increasingly costly, efficient, mmmlenland; clean fuels

Increasing household ncome

Energy ladder ranks fuels from ‘worst’ to ‘best’ in terms of cost, cleanliness, convenience or
energy intensity etc. (quality) (Gosens et al. 2013).

Clean energy development in China Date and Location
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Renewability analysis switchasia

I

R%—energy
output provided -
by renewable
resources
N%—energy
output provided

111

by non-renewable

resources

ﬁﬁé‘}llet Straw b Iquette
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Renewability analysis

® |n terms of different energy forms, solid fuel has
the highest renewability, while liquefaction and
gasification processes are relatively complex;

® The poor renewability indicates that in the
process of improving energy quality, energy cost
increases and system renewability decreases;

® From different transformation processes, the
physical process (compression molding) is the
most renewable, and the biological process

(household) is the best.

100%

80%

60%

Renewability
~
o
N

20%

0%
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S 0O .
Physical process O
_______ AT Y SRR S
Biological process Chemical process 4
76% 53%
1 10 17 19 21 27 31

Categories of biomass energy

Date and Location
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MFA/LCA/EA of wind power development in China
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Wind power is material intensive switchasia

Evolution of wind turbine
heights and output
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MFA is essential switchasia
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scenarios confirms global environmental benefit o Global socioeconomic material stocks rise 23-fold over
/) low-carbon technologies the 20th century and require half of annual
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change mitigation and presents an opportunity to address pollu-
tion resulting from fossil-fuel combustion. Generally, renewable

technologies require higher initial investments in infrastructure Human-made m?teﬁal stocks acn._nmulating in bUildi"qs- inirastru_c—
than fossil-based power systems. To assess the tradeoffs of ture, and machinery play a crucial but underapprediated role in
increased up-front emissions and reduced operational emissions, shaping the use of material and energy resources. Building, main-

taining, and in particular operating in-use stocks of materials require

ki I , the fi lobal, i life-
we present, to our knowledge, the first global, integrated life raw materials and enargy. MRS NXRTIIPRGE

cycle assessment (LCA) of long-term, wide-scale implementation of

electricity generation from renewable sources (i.e., photovoltaic HEpeI STt MDY R Gs Faste vt Renewa ble energy

infrastructure

toward environmentally sustainable patterns of resource use

and solar thermal, wind, and hydropower) and of carbon dioxide et P YU S S eyt

capture and storage for fossil power generation. We compare

emissions causing particulate matter exposure, freshwater eco- R

toxicity, freshwater eutrophication, and climate change for the Significance .

climate-change-mitigation (BLUE Map) and business-as-usual req ul res m u C h m O re
(Baseline) scenarios of the International Energy Agency up to A large part of all primary materials extracted globally accumu-

2050. We use a vintage stock model to conduct an LCA of newly lates in stocks of manufactured capital, induding in buildings, m ate r| a I t h an

installed capacity year-by-year for each region, thus accounting infrastructure, machinery, and equipment. These in-use stocks of

for changes in the energy mix used to manufacture future power materials provide important services for society and the economy ey

plants. Under the Baseline scenario, emissions of air and water and drive long-term demand for materials and energy. Configu- t I'a d |t IoONa I ene rgy.
pollutants more than double whereas the low-carbon technolo- ration and quantity of stocks determine future waste flows and

gies introduced in the BLUE Map scenario allow a doubling of recydling potential and are key to closing material loops and re-

electricity supply while stabilizing or even reducing pollution. ducing waste and emissions in a circular economy. A better un-

Material requirements per unit generation for low-carbon tech- derstanding of in-use material stocks and their dynamics is

nologies can be higher than for conventional fossil generation: essential for sustainable development. We present a compre-

11-40 times more copper for photovoltaic systems and 6-14 hensive estimate of global in-use material stocks and of related

times more iron for wind power plants. However, only two years material flows, including a full assessment of uncertainties for

of current global copper and one year of iron production will the 20th century as we analyze changes in stock-flow relations.

suffice to build a low-carbon energy system capable of supplying
the world’s electricity needs in 2050.
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Wind turbine components

[ Steel & iron ]

[ Aluminium ]

. Copper |
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(G
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Magnet

)

Wind farm site equipment

Conceptual figure of the material intensity split model

Clean energy development in China
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High-resolution wind turbine database
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Material in-flow switchasia
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Material in-use stock switchasia
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Wind turbine blade waste of China switchasia
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Patterns of blade waste in each region
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Blade waste in each province switchasia
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Life cycle emissions of CE switchasia

@® REGIONAL POLICY ADVOCACY

Life cycle emissions from electricity generation, gCOz2/KWh

Coal 820

Gas

Biomass 230

o
oo

Large-scale solar

Domestic solar PV

-

M

pas £
—

Hydro

Off-shore wind

iy
P

MNuclear

I E—
b
W]

On-shore wind §11

Clean energy development in China Date and Location



Comparison between plain and mountain switchasia
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Construction process switchasia
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Case area switchasia
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Schematic diagram switchasia
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Land use change intensity switchasia
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2010-2017 ANDVI switchasia

® REGIONAL POLICY ADVOCACY e e

uropean Union

N

A

-1.00
-0.30
-0.25
-0.20
-0.15
-0.10
0.00
0.50
1.00
0 1.5 3Km

Clean energy development in China Date and Location



2§ L10¢C
| ST0Z
. €102
g
Y =
a Q 9T10C —~ —
o mm— s 102 _ O
W3 =
N | 0102 g o]
a < S —
5 L10Z @ o
h MNM ST0¢C _ (¢b)
JsS etz o &
whd =) o) m
[r—N Q e =
910¢ _ =S 1
e’
tv10¢ m
7, m @) -
L 0T0C S (- m
L102 _ m D
ST0Z w
€102 w
— oz &
=)
J vioc <
" " " " OHQN _
n o n o N o n o n o
)] ) 0 ) ~N ~ o o n ]
S o o o o o o o o o o
r IAAN
f- L102
9702
u S102
102
b £102
0102
t
L7102
n 9702
e s10C £
10z &
-l
r €102
e 0102 —
f L7102 m m
f 910z 1 <
® — sT0C — @)
d 102 c
€10z ¢ ..m
f 0102 m o
@) oo | 5
9102 o)
S S10Z £ m (]
v10Z S o W
e €102 — o
g 0102 R w
m -
n (e Qg m
9702 o
S102 — c
a v102 £ %
€10 Q
h T0¢C % C
~

0.90
0.85
0.80
0.75
0.65
0.60
0.55
0.50

2 0.70



Clean energy

NDVI

NDVI

0.9 A

0.8 -+

0.7

0.4 -

0.3 -

0.2 -

0.1 -

0.0

1.0 -
0.9

0.8

T
/\//\/\\

0.7

0.6

0.5 1

0.4 A

0.3 4

0.2 4

0.1 4

0.0

NDVI changef_ with time

switchasia

@® REGIONAL POLICY ADVOCACY

N packeround NV

T\

0.5 -

/_/\ A NDVI

- _

2010 2013 2014 2015 2016 2017

—30m —60m —90m —120m
——150m —180m —ND30—ND60

2010 2013 2014 2015 2016 2017

—30m —60m —90m —120m
——150m — 1851 —NN30 —ND60

A NDVI=Background NDVI - Construction area NDVI
2 2 1) 1

1) ' l

Wind power construction decreased
the resilience.

Make the construction area more
sensitive

Date and Location



Wind farm changed the surface temperature switchasia
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Wind power impacts the ecosystem switchasia
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Killing bird? switchasia
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Fig. 1. Estimated avian mortality for wind, fossil-fuel, and nuclear energy per year.
(Readers are invited to view the online version of the article to decipher the
references to color.)
Sovacool B K. Contextualizing avian mortality: A preliminary appraisal of bird and bat fatalities

from wind, fossil-fuel, and nuclear electricity[J]. Energy Policy, 2009, 37(6): 2241-2248.

Clean energy development in China Date and Location



switchasia

® REGIONAL POLICY ADVOCACY

Thank You

zhanglixiao@Dbnu.edu.cn

Implemented by

U N ‘f‘«\ )
Vv

N/ \
gAY

environment
programme



