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Vertical Integration in Shenhua Group

Why Fully Vertical Integration is
Needed for Coal Industry ?

New Technologies Promote Vertical
Integration of Coal Industrial Chains

Concluding Remarks
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Part 1:
Vertical Integration in
Shenhua Group

v' Coal exploitation and production,
v' Coal transportation
v' Coal fired power plants

v' Coal to liguids and chemicals



Vertical Integration in Shenhua s

i 1k &5 [0

SHENHUA GROUP

Mining

China’'s largest Integrated
energy company, supplying
6.5% of electricity and 12% of
primary energy in China.

The largest coal company in
China and the largest coal
supplier in the world

The businesses
covering mining, power,
railway, port coal to
liquids & chemicals ,
and renewable energy .
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45 subsidiaries (Branches),
~270,000 employees

RMB ~870 hillion total
assets
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Coal JT'IIB!EE.‘EII

SHENHUA GROUP

There are 8 mining complexes across 5 provinces: Inner Mongolia,
Shaanxi, Shanxi, Ningxia, Xinjiang, etc.
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Presentation Notes
    8 mining complexes across five  province are inner mongolia、shaanxi、shanxi、ningxia、xinjiang etc, the capacity of shendong complexes is more than 200 mil.t/a,the capacity of ningxia complexes is more than 70mil.t/a,, the capacity of zhuneng complexes is more than 60mil.t/a,


Railway mé{?@

SHENHUA GROUP

Shenhua railway length is 1642 km , with a capacity of transporting
300 mil. T. of coal.




Ports W{:{g

SHENHUA GROUP

Port: 3

mHuanghua port : seaborne capacity
exceeding 100 mil.t/a and is ranked as the

second largest coal port.

EmTianjing port : seaborne capacity

exceeding 45 mil. t/a

BZhuhai Gaolan port: seaborne capacity

exceeding 40 mil. t/a
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Power SiivEEr

SHENHUA GROUP

By 2012 , the capacity of coal power plants amounted to 63GW
and ranks as the 6th power generation company in China,

Coal fire power plant : 63

Wind power plant : 33

PV Station : 2

Hyro power plant : 5



Presenter
Presentation Notes
“十一五”期间，集团公司关停小火电机组174MW，淘汰高耗能、高污染的电石炉4.78万KVA和年产15万吨的焦炭炉。通过脱硫脱硝系统改造、除尘系统改造、石灰石系统改造等大大降低污染物排放。集团电力板块2008年平均供电煤耗为   克/千瓦时，通过技术改造，供电煤耗不断降低，目前达327.4克/千瓦时，较全国平均煤耗低7.6克/千瓦时，处于国内较好水ir平。
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Coal Chemicals T EE B

SHENHUA GROUP

Capacity of coal to liquid & chemicals amount to 10 mil.t/a

Methanol to olefins (MTO)
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World’s first industrlallzed 1 mil. 600,000 t/a MTO and 500,000 t/a
methanol-to-polyolefins (MTP)

t/a direct liquefaction facility demonstration projects

Coal to SNG

s __4'_ ﬁ_- - A
dChlnas f|rsF 100,0QO t/a CCS 1.73 bn m3a SNG project
emonstration project
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Presentation Notes
“十一五”期间，集团公司关停小火电机组174MW，淘汰高耗能、高污染的电石炉4.78万KVA和年产15万吨的焦炭炉。通过脱硫脱硝系统改造、除尘系统改造、石灰石系统改造等大大降低污染物排放。集团电力板块2008年平均供电煤耗为   克/千瓦时，通过技术改造，供电煤耗不断降低，目前达327.4克/千瓦时，较全国平均煤耗低7.6克/千瓦时，处于国内较好水ir平。



Shenhua CCS Demo Project W{{g

SHENHUA GROUP
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Feasibility Study started in 2007, concluded in Nov. 2009; Injecting CO2 from
DCL plant close to the DCL site.

100 KTA CCS pilot plant successfully injected supercritical CO2 into the saline
aquifer with a depth of 2,243.6m on Jan 2nd, 2011.
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Part 2:
Why Vertical Integration ?

v

S X

The demands of CO2 and other emission
reduction

Lessons learned from oil industry
Life cycle analysis

Benefits of an integrated coal industrial
chain (higher energy efficiency leads to
less emissions, risk mitigation, revenue &
profit growth, etc.)



Higher Energy Demand .
— A Matter of Fact e

Total global energy consumption was 12.48 billion ton ol
equivalent in 2012

This demand will grow by 40% by 2030 forecasted by IEA

The current energy production and utilization faces grave
challenges ahead




Carbon Emission — A Dilemma between the gg,,
Right to Survive and the Right to Develop T £

SHENHUA GROUP

 Global warming caused by carbon emission Is
fundamentally changing earth’s climate

 Fossil-energy-based emerging countries will account
80% of the increased energy consumption!

« How to balance the right to survive and the right to
develop for human beings?

CO2 Emitters: IEA Ref. Case

2005 2015 2030
Gt rank Gt rank Gt rank
US 5.8 1 6.4 2 6.9 2
China 5.1 2 8.6 1 11.4 1
Russia 1.5 3 1.8 4 2.0 4
Japan 1.2 4 1.3 ) 1.2 5
India 1.1 5 1.8 3 3.3 3




A model by petroleum industry: A g,
vertically integrated industry systemB® %@

Huge petroleum companies, e.g., BP, Chevron, ExxonMobil, Shell,
CNOOC, CNPC, always have an integrated industrial chain:

Exploration ( Production Crude Pipelines Shipping
=1 o Uy S
Pipelines >

e alondEe Refining V'S4
waee 1Eerminals Tradinig

Commercial Markets

Retail Markets



Coal plays a dominantrole g,
— An energy reality in China mW#%m
Safe, green, clean, highly-efficient development and utilization of

coal is a pressing issue of fundament values in China!
&0

Nuclear Power

10

0.1 billion tons of standard coal
&

0
2010 2020 2030 2040 2050

CAE: National strategy study on medium-and long-term energy development
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Vertical Integration: Coal

Industry Life Cycle System

Coal Production Coal Transport Coal Uparadin Electricity

Underground

Surface

Generation

Bituminous
Coal

v
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Coal
v Coal Tar L
. ol Liquid
Upgrading |
(Encoal) Fuels

Polyethylene

v

Polypropylene



CO2 Reduction within Vertical g,

1 T 1Y
Integration Th1E S
CO, Emission By 1% Improved By Solar & Wind’s
Reduction (Million Efficiency in Coal —Chain Displacing Coal
tons) Industries @

Global 325 91
UusS 49 18
China 152 13

» Increased efficiency of coal utilization -- the most cost effective
approach for CO, reduction in the foreseeable future.

» Co-processing & utilization of biomass with coal will reduce CO2
emission further.

a) The calculations are based on 2009 data, the current efficiency estimated as 35%;
b) CO, emission factors are 3.96, 3.07 and 2.35 ton-CO,/toe for Coal, Oil and Natural
Gas, respectively, from BP Statistical Review of World Energy, 2010.



Benefits offered by a vertically 4,
integrated coal industry  BEg@

e Improve the overall energy efficiency
e Reduce emissions and pollutions

e Strengthen risk mitigations

e Lead to revenue & profit growth

e Advance the clean coal technologies

e Enhance the stature of coal industries



s

Tl 1k &= [0

I
SHENHUA GROUP

Part 3:

New Technologies Promote
the Vertical Integration of
Coal Industry

v' Coal production technologies
v' Coal conversion & coal refining technology

v' Coal power generation and energy storage
... etc.



Shenhua Tech. Innovation System m,{{g

SHENHUA GROUP

ltems 5-Year
Objective

Coal Production 600 million ton/yr
| A= 3R L e Power Generation
) ; . 60 GW
National Institute of Capacity
Clean & Low-carbon Railway Length 3,000 km

Energy (NICE)
Port Handling Capacity 230 million ton/yr

Y
BEEEAS / Shipping Capacity 4 million ton
Science & Coalbased Oif & 5 million ton/yr

Technolo i I Chemicals
Developmentgé/orp. Five In
One Bl R AR Sk RS T P

International
Institute of Coal

Strate
WL Bkt
Shenhua R&D
Institute HEEEEF R
y Shenhua
Institute of

Management



Shenhua’s Coal Production g,
Technology Development = W%
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Technologies in effective water
use and pollution-controls.
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Techniques to prevent hazards in TBM techniques used in long-distance
shallow pitching veins and steep-sloped coal mines



Clean Coal Conversion
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Coal Refining — New Approach of g,

Coal Utilization THIE S
o SHENHUA GROUP
4 X = N
Current paths. s, W) < ro
of Coal Utilization 1000
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Low Rank Coal Refining s
Technology Development = W&

Achievements

Objectives and Impacts . .
o L — Pyrolysis Tests for Typical Shenhua Coals
»Clean & Efficient Utilization of LRC _ Feasibility Study of a 10 MMT/a Project

»Meet Energy Demand in China

— Innovative 1 MMT/a Reactor Design
— 15 Patent Applications on coal pyrolysis

Critical Equipment | e
Design / T NICE 15t Generation CoalRef®
1) Technology (1 MMT/a _

NICE 2"d Generation
Technology
In R&D Stage,;
Coal Pyrolysis Lab Sample Preparation 0.3 MMT/a Encoal Sponsored by MOST (52 MM RMB)
Test Platform Unit (SPU) Demo. Plant and Shenhua Group (60 MM RMB)




Shenhua Clean Coal Conversion Blueprint g,
during 12t Five-Year Plan Period THIE S

Capacity by the end of the 12t Five-Year Plan period:
CTL: 10MMTA

Coal-to-Methanol: 10.85MMTA (including methanol
from MTO plant)

Coal-to-Olefins: 3.8MMTA
SNG: 1.7 billon Nm3/yr

Total investment: over 100 billion RMB (excluding capital
contribution from partners)



Emission Reduction of Coal Power Plants,_/),'
IGCC & Energy Storage T8 1= Sk

SHENHUA GROUP

» Increasing importance of Chemical processes in modern coal-fired
power plants

» Energy Storage for Integration with Wind/Solar

Thermal processes Chemical processes
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chchchchchch

Cooling 1 ciccion Boiler SCR/Dust  FGD Water CO2 Hg/Metal Stack
tower Systtm  removal Plant Capture control



Dynamic vs. Steady - A Paradox For g,
Power Demand & Supply TR

e Chemical process: steady operation, slow respond
e Power load: dynamic change, trend predictable
e Renewable power (wind/solar): largely random, unpredictable fluctuations

14000 - .
Power Monthly load curve and wind output for January, Finland _
load 12000 = = = MInIMmum capacity
\
| 10000 30% total load
Wind output variation
Sﬂﬁﬁ — i ¥
=
=
6000 I

700 1 Up to 50% variation for _ !

thermal power load due £
2000 to additional fluctuations -
brought by wind power
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01.01 08.01 15.01 220 29.01.

Thermal power
load

Time
* Ref. DOE report NREL/CP-440-22868, and Rte -France website

In China, 30~50% of wind power not able to connect to grid Massive Energy Storage

i [ 30~50%[1 R K B A B W For Electric Power Industry Needed



Pumped Storage Facility Energy Storage.

US Capacity 18,000 MW

World’s Capacity 90,000 MW
3% of Global Generation
70%-85% Efficient
Underground Technology
Micre Pumped Hydro

',E“Surge Chamber
. IP___.“ ——
.8
‘Generator

Energy Storage mé{g@

SHENHUA GROUP

. NAS Battery Station

Forum 2010

NICE: Portfolio approach =
on energy storage technologies

High Capacity - Low Cost - Special Site Requirement — Slow response

Flow Battery

Thermal Storage Systems (FAHEMEIFE R SE)

on }—| Customers

| Power plant }----{ Substat

Charge

|
r

I Discharge

| AC/OC converter

|

Electrolyre
tank

Pump

Community &
Energy
Storage

“Transformer |

Ryt

Electrolyte
tank

Cell

Energy Storage.

Forum 2010



Selecting Strategic Direction Of g,
Coal Conversion Process
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SHENHUA GROUP

Life Cycle Coal For Oil Factors In Modern Coal Conversion Processes

Coal .
conversion | DCTL Ingllr_ia Olefin NG H2 Methanol | DME IGCC
processes

Coal Fuel for | Fuel for : Fuel for Fuel for Fuel quer

: plastics Fuel cell driven

conversion car car car car for car car

ell : Diesel | Diesel | olefin geeeliln | GRSl gasoline | Diesel ga_sollne
conversion e H2 Diesel
Coal

.. | tce 0.83 1.08
Igcr:tc:)lrl toe 2.45 3.0 2.45 2.15 150 2.54 3.37 150

Note: The coal for oil factor is the ratio between the coal equivalent number and the
oil equivalent number when producing the same mass or energy products.




Shenhua Clean Coal Conv. Projects to be /)
executed during 12t Five-Year Plan Period® =5

SHENHUA GROUP
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R&D on Clean Coal Conversion
Technologies T 12 5

Improvement, optimization and upgrade of the process used in the
existing demo plants

e.g., DMTO-II process development lead to
methanol-to-olefins ratio from 3:1 (ton/ton) to 2.7:1

A 10,000 t/a pilot plant was built in 2009 and all the
tests were completed in 2010, showing that the
technology is ready to be commercialized.




R&D on Clean Coal Conversion gy,
Technologies et

MTA (Methanol-to-Aromatics): The process has
passed bench scale test and is ready for scale-up.

Synthetic mixture of lower alcohols

Optimization of clean coal conversion process:
maximize the overall efficiency;

Major & critical equipment manufacturing by domestic
vendors: Domestic vendors need to produce those
equipment for lower cost.



Concluding Remarks W{?{g

SHENHUA GROUP

Fully vertical integration of coal industry would increase the
overall energy efficiency, reduce emissions, strengthen risk
mitigation, and improve the economics.

Shenhua group has built an integrated coal chain. However, it
Is still needed to promote the coal chain integration by new
technologies.

Shenhua group has invested a lot of projects to develop new
clean coal conversion technologies. The development of new
technologies is a key to achieve a fully integrated coal based
energy company.
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Questions2ThanktYou!

Yuzhuo Zhang, Ph.D.
President & CEO of Shenhua Group
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