Untapped Potential: Coal and Biomass Cofiring

Z 4

great resources

Vice President of WBA
Chairman of Great Resources

Dr. Hong Hao
23 Aug 2022



Content

R

01 China’ s 3060 Goal Face Challenge

(02 China’ s Biomass Resources

= B S

c B I RO @ RHO F AN M

03 Coal and Biomass Cofiring
04 Case Study

1

¥ WAL 2 A

i




China's installed power capacity, power generation and proportion of coal power in 2020 /’ GIQ great resources
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World's largest installed capacity of coal-fired power
China's largest source of carbon emissions
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1 China's Industrial GDP, Energy Consumption and Total Carbon Emission e Pt
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Industrial Industrial Industrial

GDP 32.18% energy carbon
consumption emission
65.95% 65.94%
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Industrial GDP Industrial Primary Energy Consumption Industrial Carbon Emission

In 2018, China's total industrial GDP was 30.15 trillion, accounting for 32.18% of the total GDP.

In 2018, China's industrial primary energy consumption was 4.719 billion tons of oil equivalent, accounting for
65.95% of the total.,

In 2018, China's industrial carbon emissions accounted for 65.94% of the total carbon emissions.



1 China’ s Carbon Neutrality Goal Faced Challenge G Ehsras

China’s Total Energy Consumption and Industrial Energy Consumption, 2013-2018

Proportion of Energy Proportion of
power consumption heating
consumption in in heat consumption in
industrial supply (in industrial
energy unit of 10% energy
consumption tce) consumption

Power
Proportion of Power consumption
industrial energy consumption(in converted into
consumption unit of 108 kwh)  coal (in unit of
10* tons)

Final energy consumption,

tce (In unit of 108 tons)

69.82% 39,237 85,144 202,831 70.43%

69.40% 40,803 88,543 31.74% 190,390 68.26%
67.97% 41,550 90,164 33.60% 178,163 66.40%
66.58% 43,089 93,503 36.04% 165,913 63.96%

65.66% 46,053 99,935 161,128
39.18% 60.82%

65.95% 49,095 106,536 12.84% 165,395 87.16%
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<Directive on Promoting the Wider Use of
Bioenergy in Heating>, jointly issued by
National Development & Reform Commission,
and National Energy Administration, in 2017.
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<Campaign for Supplying Clean Heat in
Northeastern Area 2017-2021>, jointly issued by ten
ministries.

Supplying bioheat to 2.1 bin m? by 2021

Supplying natural gas heat to 1.8 bin m? by 2021

Supplying eletric heat to 1.5 bin m? by 2021



G’ 'g_‘_'reat restz:lr(fes
Q =R FHER

National Development and Reform Commission, nationwide retrofit of coal
power plants:

-Coal consumption more than 300g standard coal / kWh: speed up energy-saving
retrofit, phase out and shut down the plants that cannot be retrofitted, and turn
the plants that meet the conditions into emergency standby power supply as

appropriate.

-Order issued by the state for the retrofit and upgrading of coal-fired power
plants. Energy conservation, consumption reduction, and flexibility in retrofit.



Substitute of Coal with Biomass GREowE
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Given the current percent of thermal power, if no measures are taken, the carbon emission will reach 5.42
billion tons by 2030 and 13.16 billion tons by 2060 (assume the annual increase of power demand is 3%)

By 2060, the carbon emission of the power industry should be controlled within 4.02 billion tons

The carbon emission of the power industry needs to be reduced from 0.542 kg/kwh to 0.166 kg/kwh, a
decrease of 70%, which is a great challenge. The only way out: coal+ biomass cofiring, until the complete
phase out of coal.



Coal Power: Go Carbon Neutral Py

7~ BHTREIR

3'd Stage
2nd Stage Biopower+CCUS
From coal to
1% Stage biomass

Coal-biomass )
cofiring Carbon Negative

Q

Low Carbon

Carbon Neutral
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Biomass resources is 2 times of hydroenergy, or 3.5 times of wind energy

Data source: Chinese Academy of Engineering



ﬁ Resources
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Total availability of China's biomass resources: 690 M tce,
2030 projection: 1.171 bln tce (marginal land included)
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Data source: 13th Five-Year-Plan for Development of Bioenergy Industry China's Renewable Energy Industry Development Report 2015



ﬁ Forestry Biomass Resources

G

o FR MR S M

<]
[ R
B w ot &
| e

B v *

Data source: The 8th National Forest Census
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China's forest area: 208 M hec,
increase of natural forest; 2.15 M
hec.
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Total yield of forest vegetation: 17.02 bin tons

total carbon storage: 8.427 bln tons

Total forestry residue availability: 120 M tce



Agro Residue Resources "¢ |-t
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Total availability of China's biomass resources: 690 M tce,
2030 projection: 1.171 bin tce (marginal land included)

Agro residue availability in 13 major grain producing provinces in China

wheat rice corn rice
straw straw straw husk

1.366 0.623 2.000 0.270 0.250 0.313

Distribution of various straw resources in China

corncob pes:terl‘rt total

Province

grain/straw

ratio
Heilongjaing  29.8 13704  7088.2 593.9 886.0 1.6 9970.0
Henan 47824 | 3311 37074 1435 4634 1519 9579.7
Shandong 32055  59.2 41018 257 5127 1000 8004.9
Anhui 19274 | 9091 = 9926 | 3940 1241 295 4376.8
Liaoning 37 2914 28070 1263 3509 140 3593.2
Hebei 19602 = 340 | 33408 147 4176 399 5807.2
Jilin 01 3926 S6114 1701 7014 175 6893.1
OF -1 InnerMon | 2162 | 331 | 45016 144 | 562.7 13 5329.4
@ = © %E Q\’:_i{* ™3 Jiangxi 36 | 12629 256 | 5473 | 32 14.5 1857.2
%;;‘iﬁ g:;*ﬁ ." ‘: Hunan 128 | 16477 @ 3776 = 7141 | 47.2 9.5 2809.0
- Sichuan 5823 | 967.3 = 15314 4192 | 1914 212 37128
Hubei 5749 | 11281 6658 = 488.9 | 83.2 213 2962.2

Data source: National Statistics Bureau 2015 data Jiangsu 16037 | 12164 @ 504.4 = 527.2  63.1 11.0 3925.7




High yield energy plants miscanthus and super asparagus (e Firarrriis

Miscanthus: adapt to arid and cold environment,
different types of marginal land: abandoned mines,
wetland, saline-alkali soil.

Excellent energy grass originated from China. High
yield, adaptive to environment, In southern Germany,
under the local annual precipitation of 700mm-
800mm, the height of triploid giant awn can reach 7-
10 meters, the unit yield of biomass is much higher
than that of switchgrass, and the theoretical unit
yield can be as high as 22 tons / ha per year.

7~ BHTREIR

Super bamboo reed, dry matter yield: over 10
tons/0.06 hectare, the yield of straw of
traditional crops such as rice and wheat straw
is only about 1 ton. Hope of China's biomass

energy



ﬁ Fuel Quality Analysis Lab Pleryor
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Fuel quality analysis lab
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ﬁ Chemical Property of Agro Residue
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High content of Si, K, and alkali induced slagging, which limits the wider use of agro residue.



ﬁ Quality Analysis Standard

Nr.

Assay Analyzer National standard

heat value calorimeter GB/T 30727-2014

Moisture, ash, volatile

matters, fixed carbon industrial analyzer GB/T 28731-2012

whole sulfur sulfur analyzer GB/T 28732-2012
ash melting ash melting analyzer GB/T 30726-2014
moisture moisture analyzer GB/T 28733-2012
carbon, hydrogen, carbon, hydrogen and
nitrogen nitrogen analyzer G Az

fluorine, chlorine fluorine,chlorine analyzer GB/T 30729-2014

National standards to follow for quality analysis

P2
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ﬁ Analysis Results Vicor -

Moisture ash volatile | sulfure “',Vvla':’;‘: Heat value o

e Mg (%) | Ag(%) |Va(%) |St,a(%) | Mt(%) Qb(.?(cal%/;@) ng kgl%g;/)kg) Qm(etl.(aavll\(ﬂgJ;kg) sample origin
pine pellet 1.18 0.6 | 8469 | 0.06 6.34 20.18 20.42 1355 31 TME
poplar pellet 2.5 893 | 7524 | 0.03 8.62 130530 395 o3 3700 26 K &
straw pellet 0.92 498 | 7642 | 0.06 9.18 18.20 18.37 sees o g5 =
straw pellet 2.30 16.66 | 66.76 | 0.06 6.18 16.25 16.63 e k&
straw pellet 0.66 2256 | 64.84 | 0.4 5.64 15.13 15.23 sees ¥
rice husk pellet | 1.06 1658 | 66.86 | 0.04 7.83 16.41 16.58 s3en a3 EhiT
rice husk pellet | 1.30 1652 | 67.44 | 0.04 8.24 16.46 16.68 s3eeen =
peanut shell pellet| 2.40 11.15 70.22 0.12 11.68 17.63 18.06 3‘]1'38633 iZ
peanut shell pellet| 1.78 10.34 70.50 0.04 10.63 17.94 18.26 335-26030 /N

Wood pellet: highest heat value
Rice husk: easy access, low cost, ash content high
Straw pellet: high moisture, ash content high, instable heat value
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Physical and chemical property induced fouling,
slagging, corrosion (high alkali content, low ash
melting point, etc).




Solid Biomass Fuel Standard Plesy
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Establishment a biomass solid fuel

standard system since 2008, cover ‘ IRERAFMHFNRAIETTE- 2110 : RIRFTERRE (NY-51R ) . g8
feedstock logistics, solid fuel Specialized iBEtTfE (NB-151k ) . MERINE (LY-1Ik)
production equipment, fuel quality, standards \

and combustion. IFERITR S EYRRETE

21 national standards and 65
industrial standards




ﬁ Market

650000 ,
3.50 mn MW

stea industrial

85% MW

149

Statistics on heat only boilers

460000 , 2.99 mn

140000 ,
500000MW

heat boilers )
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[ coal boiler }

35t 1
gty 9% , vol 52%

-

20-35t
gty 9% , vol 14%

10-20t
qty 17%, vol 14%

B (oiI/ as boiler
oisas biter

10t |
gty 65% , vol 20%

10000, 30000MW
electric boiler

%
biomass boiler
heat recovery boiler

|

Coal->biomass solid fuel, market potential: 400 bin CNY.

G

great resources

N =EE



I Market Gt

Total heat supply to 11 industrial manufacturing sectors in 2017

B - chemical 34.4%

petro  EE—— 13.7%
ferrous metal smelting s 10.0%
textile ~T———— 8.9%
pulp/ paper ~Emm———— 7.3%

EHOE nonferrous metal smelting "™ 4.5%
drug production B 2.7%

chemical fiber W 2.6%

power/heat production W 2.5%

D food mm 2.0%
o5 PERSRFHEL20184 atto  mm 1.7% ( ATIRRSISEREERIS) )

Data source: China Energy Statistics Yearbook 2018

Total heat supply: 586 mil. tons = 146.5 bin CNY.



ﬁ Market
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Sustained growth of heat supply in urban area in China, 2000-2015

10% y-on-y growth

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
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area 1x108 m? growth

Projected market size 480 bln CNY
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Economical Comparison Plest

Heat
value/cost

Heat value Unit price Unit heat price Efficiency

straw pellet 3200 kcal/kg 600 CNY/t 52.69 CNY/GJ 85 1
coal 5000 kcal/kg 700 CNY/t 51.44 CNY/G) 65% 0.98
wood pellet 4100 kcal/kg 1100 CNY/t 75.39 CNY/GJ 85% 1.43
NG 8600 kcal/m? 35 CNY/m? 105.66 CNY/GJ 92% 2.01
electricity 860 kcal/kWh 1 CNY/kWh 286.32 CMY/G) 97% 5.43

&t : B, XASHRmLABfEEESibnERTE. ENSAFERSAESML. A : PEOAE - PYE < i < B

Straw is a cost efficient fuel



ﬁ Emission Comparison

Boiler tvpe Applicable |ash/dust| SO2 NOx
yp area mg/ m? mg/ m> mg/ m3
natural draft

class I 50 300 300
coal fired boiler furnace
other boilers class I 50 300 300
light diesel class 30 200 250
oil fired boiler 9
other fuel oil class 30 200 250
gas fired boiler all areas 20 50 200

National limits for coal/oil/gas fired boilers

P2
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ﬁ Emission Comparison

7 G
S EEYIRRBIRERIP A SIS RHRE ( DB22/T 2581—2016 ) W welt
V: mg/m
Pollutant Limit Sampling point
Particulate matter 30
B SO, " stack/duct
NOx 250 stack/duct
Ringelman blackness <] discharge outlet

* AT 0.35 MW(0.5 t/h) B RUT /NS A0 Rk R 4 T R & 40,

Limits for biomass boilers in Jilin Province, Northern China
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Case Study et

Conversion of coal fired energy system (5* 56MW boilers ) into wood pellet fired plant for auto industry in 2015

Before conversion After conversion Wood pellet

China's biggest bioheat supply project with emission as same as NG without SNCR



Case Study 4 GQEeH®ER

Supplying heat to universities (1.2M m? in total ) by using rice husk pellet



Case Study et

Supplying steam (2*10.5MW biomass boiler) to drug producer Fuel: peanut shell pellet
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Multi-generation technology - cool, heat,electricity,
steam, fertilizer. Total investment: 310M CNY.

Use of corn straw




Case Study 4 GUEEFER

Supplying steam to agricultural products processing factory by
combustion of wood chips in Northern China.
Ultra low emission (10, 35, 50)
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Case Study et

Coal fired grain drying system — biomass fired system

Briquette fuel made from corn
straw is used to dry grain




1 Carbon Neutral Bioheat
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Carb | Supplying bioheat to town
=rben neutrattown Marginal condition:100,000t corn straw, 200,000m?+

l

Carbon neutral Supplying steam to industrial manufacture

Marginal condition : steam demand, 200,000t corn straw

industrial zone

Principle: local origin, local use

: Supplying heat/steam to city
Carbon neutral city Marginal condition: heat+steam demand,300,000t corn straw
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