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1. Background & Value proposition

Energy savings potential of energy production/transformation companies

Energy savings potential for energy production/transformation companies through Energy Efficiency Optimization could be 20% in total. *

» Capex (EPC phase) optimization could contribute the most portion of Energy Savings - 10.5%. But since it is always not under control of plant operators, it will not be
discussed in this paper.

*  Opex (Operation phase) optimization, which is the focus in this paper, could be categorized as three portions - 1.5% for Equipment, 3% for Management, 5% for
System/Unit.

« Even though Management Optimization is the least technical driven, it is the base to trigger other optimization.

* The end to end metering and visualization for energy consumptions and related impacting factors are fundamental to achieve higher energy efficiency.

Energy Savings Potential thru.
Energy Efficiency Optimization*

Energy Savings by
Design & Construction 5%
Optimization
(EPC)

This statistics refers to the generic
energy enterprises. The

corresponding numbers might be
:/ different for power generation

. Energy Savings by
' Production Process

Optimization Energy Savings by 1.5% industry, but the ratios are similar

(System/Unit) Management _ ( Capex : Opex =10.5% : 9.5%,
Optimization Energy Savings by System/Unit : Management :
(Management) ~ Equipment Optimization Equipment =5% : 3% : 1.5% )

i (Equipment)

Capex : Opex

A
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1. Background & Value proposition
EMS and big data analysis are key enablers to realize energy savings target

Energy Management System (EMS) and big data analysis are key enablers to realize energy savings target. *
« The main function of EMS is to collect, process and configure applications with all kinds of data related to energy consumptions.

* It acts as a data aggregator to do analytics.
»  The future of Energy Efficiency Optimization relies on big data analysis.

Third party Energy ‘ CxOs (Director, Chief Engineer, BU
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1. Background & Value proposition

Current Status of energy management in power generation industry

Current status of energy management in China power generation industry are far from expectation. *

«  Power Plant Total Quality Management (TQM) is consisted of four pillars - Safety, Stability, Environment & Economy, among which Economy is the most difficult, which
need to put all factors into consideration.

* Energy Management is a comprehensive program which plays an important role and acts as the most complex and comprehensive topic of Economy pillar.

*  Successful energy management could not only help on only one pillar of TQM, but also greatly enhance the overall competitive capability of a power plant.

Current status of energy management for some

power plants in China
Power Plant not systematic - fragmented and unclear
roles and responsibilities

not standardized - standards are seldom
strictly abided

not scientific - experience based, not follow
precise statistical analysis

passive - post event action, not proactive
Safety Stability Environm Economy untraceable - difficult to track and evaluate

Total Quality Management

(TQM)

ent not sustainable - no knowledge accumulation,
(Human, (Equipme Friendly (Human, no inheritance/stewardshi
Equipme nt, (Environ Equipme to integrate all related standards,

o Unit/Syst ment) nt knowledge, rules and data into IT system

Unit/Syst em) Unit/Syst Power Plant Energy Efficiency Management
em) em, “one-stop" solution
Environm to achieve
ent)

JusawaAoldwi ShonunuoN

Comprehensive Energy Efficiency Management
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1. Background & Value proposition

Development of APPEEP and its expected value propositions

To build and implement Advanced Power Plant Energy Efficiency Platform (APPEEP) following PDCAE (Plan-Do-Check-Action-post-
Evaluation) cycle, empowered by industrial big data analysis, could maximize the business value for thermal power generation plants

(espemally coal-fired power plants).
Plan (forecasting): Energy consumption forecasting and threshold value setting - to set the baseline for energy consumption and energy efficiency

Do (monitoring and statistics): Statistical analysis and visualization of actual energy consumption and energy efficiency - to identify issues that require further analysis

* Check (diagnosis): Diagnosis of the identified issues - to analyze issues and make corresponding solutions

+ Action (execution): Task planning, fulfillment and tracing - to implement the solutions

+ post-Evaluation (effectiveness assessment): Post evaluation after the action taken - to evaluate the |mplementat|on results and effectiveness of solutions (completeness
& effectiveness)

LRQR: 2004

- XWX EE !
bz l AXQR: auu uwuv
14 LHEGK] nn!ﬂmhuﬂ  EA Y

STACK lllustration of expected value created by APPEEP (quantitative + qualitative)
(‘1
[

PRECIPITATOR |

k18

TRANSMISSION Increased Energy
TR

TRANSFORMER LINES Efficiency of Power
Plant (reducing coal

TURBINE fuel consumption by
=29%) +
Enhanced 1-2%) + Improved
COOLING Energy Management level
OWE,
TowER Management .

] Comprehensively
fﬁit"edﬁﬁiiian 4 . improve the Capabilities
simplify the current of Power Plant

IN energy-efficiency : Taking EE as the focal point to
I ”lvli".{m( relevant Big Data er."a.bled promote the comprehensive
MAKE UP &> managementwork . Energy Efficiency managementand technique
I to improve the full Diagnosis capabilities of power plants,
personnel Improved Energy Using big data methods for EE SUCh as the basic

measurement improvement,

participation rate : : ;
I ' Consumption diagnosis, reduce the overalll equipment fault detection and

and quality of

Al \}{[l}:{\l}fjl\il — _// CONDENSED STEAM energy saving Visualization gwjyszyi:regtggdotl;zeglsnf, diagnosis to generate other
BOTTOM ASH PUMPING related workgy Improve the visualization level  eyecution, thus improve the  Indirect benefits
STATION of the energy consumptionfor  ffactiveness of EE

the entire plant, making it more  management
complete, precise, accurate,

timely and consistent, to further

promote energy efficiency from

both managementand

technology perspectives
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2. Systematic Framework for power plant energy efficiency analytics

5-layer framework of power plant energy efficiency optimization

A systematic framework for power plant energy efficiency analytics is consisted of 5 layers optimization - Foundation, Equipment, Unit,
System, Management. This framework could also be applied in other industries.

« Management optimization: from management point of
view to perform the EE analysis, for example, to assess and

Man agement compare the EE performance indices (KPIs) among different
operation teams / shifts, to find out the relationships among
KPIs and the events and human behaviors (event and human
factor analysis)

« System Optimization: from integrated operation point
p— of view, to find out optimal operational or parametric
System variables that can help to improve overall energy efficiency,
such as operation parameter tuning based on statistical
models and / or mechanism models
« Unit Optimization: from the perspective of a unit or sub-
Sub-system / Unit system to find out the optimization space, such as energy

consumption comparison of similar unit (e.g. coal mill), mixed €<

|

Juawabeuey Aq
Buines ABiaug

A

coal blending optimization etc.

ABojouyoa] Aq
Buines ABiau3g

« Equipment Optimization: to monitor the operation

y parameters, pre-warn the possible equipment abnormal
Equment condition, rather than alarm after the violation of threshold,
- for example, equipment operation parameters degradation
analvsis

Foundation Optimization +Data Quality

(DCS/DAS/Meters/Sensors/RTU)  +Soft Measurement
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2. Systematic Framework for power plant energy efficiency analytics
Extended data capturing framework for energy efficiency related big data

analysis

In order to do power plant energy efficiency analytics, an extended data capturing framework was proposed, which lists data sets required

Object Tree (Energy
Consumption Objects)
» Power Plant / Fleet X
* #1 Generation Unit

/ Production KPIs \
(output measures)

| | A * Output/Loadings | o__________
] i . . 1
! « #2 Generation Unit i S Production effmency :
i «  #3 Generation Unit 5 Event Log /. Ptroduct quality '
; . i i 4 + etc. .
i Boiler : i . Start-up Shut- | \ / KWork Condltlon\
Ef:?trr?ciTt;rbme down ‘ ) KPls/Parameters
! e i * Maintenance - (internal/external
! »  Desulfurization i A/B/C/D / \ TS
: » Denitrification i . efc EC/EE KPIs NS
! + Others i for elach : «  Overall EC/EE « Grid dispatch
5 « Shared Production Units L Ene a» *  Fuel (coal, oil, gas) order
| [ gy | nq . | )
; *  Fuel ~Consumption i *  Electricity < Electricity usage
g « Chemical btk ; +  Energy Carrier (stream, of supply area
i * Desulfurization : J i water, etc.) . Out_door t
E + Denitrification i ; «  Thermal/Heat environmen
i +  Soot blow & Ash Removal Hu;an K j * Indoor t
5 +  Sewage treatment i , environmen
! * Heat Supply : Behavior Log ?\  Coal quality
| *  Auxiliary devices ’ *  Attendance / : \ k etc. j
! 4 | *  Location OPEEIEn .
i . _O_thers i : . Behavi KPIs/Parameters !
: « Logistics and Facilities . efc avior (ITOEESS MEERUCS) !
; . . ! ° . i I
i Off".:e. L, ! \ » Temperature/difference !
E " Logistics/livings ! + Pressure/difference SEEEEEEEEEE
i * Others : + Flow amount, velocity
Lo -____(_)_t_h_(_e_r_s_ ______________________________ Z * Matter content/
concentration
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3. Pilot case example as Proof-of-Concepts

Pilot case overview - Coal-fired, 2*300MW Units (#1, #2) + 1*600MW Unit (#3)

An aged Coal-fired Power Plant with 2*300MW Subcritical Units (#1, #2) + 1*600MW Supercritical Unit ( #3)
Analytic topic selection - (1) Energy consumption prediction considering all kinds of impacting factors, (2) Operational variables optimization based on historical data
statistics, (3) In-depth discovery of human behavior factors based on shift energy efficiency KPI benchmarking analysis

+ Data capturing & pre-processing

* Analytic results

snowE
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3. Pilot case example as Proof-of-Concepts

Analytic topic selection

Analytic topic selection - Overall rating by both doable and valuable

Analytic Topic Matching Technologies
Ratlng

Energy saving by  Energy consumption / EE statistics & visualization Bl, Visualization
management

Energy consumption prediction considering all Time series analysis, Regression 5
kinds of impacting factors (heat rate baseline analysis
setting for EE action effects post-evaluation)

In-depth discovery of human behavior factors Association analysis, Text mining, 5
based on shift Energy Efficiency KPI benchmarking  Feature extraction
analysis (correlation analysis between events and

human factors)

M System Operational variables optimization based on CFA (Critical Factor Analysis), 5
S historical data statistics Statistics
<
@ Mechanism model based operational performance Simulation - using the third party 4
g. simulation professional tools/software
Q : R : .
o Sub- Coal blending optimization Linear programming 3
= system / - : : : :
S Unit Coal grinding mill commitment Linear programming 3
>
2 Cold end system EE optimization Simulation - using the third party 3
g professional tools/software
<
Equipment Equipment performance monitoring and parameter  Pattern recognition, Trend 3
degradation analysis analysis
Foundation
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3. Pilot case example as Proof-of-Concepts

Data capturing & pre-processing

Data capturing & pre-processing - Extended full set data need to collect for EE related big data analysis

-~

Object Tree (Energy
Consumption Objects)
+ Power Plant / Fleet X
* #1 Generation Unit

Production KPIs
(output measures)
% *  Output/ Loadings

i : . 0 C paaia 1
; « #2 Generation Unit i s A Eroguczlon elf:‘luency |
i *+  #3 Generation Unit ; Event Log A etr(? uct quality .
! * i I ! * ' g
| El - ! + Startup Shut- | ," 1 \_ fWork Condltlon\
Efeatm '_I;urblne : down ‘ KPIs/Parameters
| R iiva | v MEIEMENES - - (internal/external
: »  Desulfurization ! A/BIC/D / o
: « Denitrification ! . etc EC/EE KPIs constraints)
g » Others : for dach \C i - *  Overall EC/E_E O G:;d dispatch
i + Shared Production Units ' Enerlgy ! «  Fuel (coal, oil, gas) order
5 *  Fuel Contumotion i «  Electricity <-| < Electricity usage
g « Chemical ; Ob'e’ct P ! «  Energy Carrier (stream, of supply area
i « Desulfurization : ) : water, etc.) * Outdoor
5 «  Denitrification ! O «  Thermal/Heat / environment
i *  Soot blow & Ash Removal ; Trm— * Indoor :
5 + Sewage treatment ! _ 'f‘ environmen
i . Heat gupply : BehaVIOI‘ LOg e Coal quahty
!  Auxiliary devices : : f;t(?:t??:ce | Operation k etc. |
! i .O.thers Tt : . Behavior ‘\ KPIs/Parameters :
! * Logistics and Facilities i otc \\ (process measures) .
; N L | o . . 1
i Oilice JEAS : «\ + Temperature/difference !
! *  Logistics/livings . Y . Pressure/difference <----------
i * Others ! Number of KPI data items « Flow amount, velocity
L -__(?t_h(_ar_s ______________________________ o that need to be collected « Matter content/
concentration
Number of Parameter data » Voltage, current, power
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3. Pilot case example as Proof-of-Concepts

Analytic results by applying innovative big data methods

* Energy consumption prediction considering all kinds of impacting factors (heat rate baseline)

1.Key factors selection (which
impacting heat rate)
| ‘

[l -

[ ] .
‘ I ‘
ippily’ !

MJ

|
i

: ?

2. Regression analysis

n=Ff(xX,X5,-.:, X,)

Under different work
conditions

3. Energy consumption predictiom
(heat rate baseline)
[ |
"w | i' i A AN | [
I HIH: " M | N il I"l.‘ il

&

* Operational variables optimization based on historical data statistics

/ 1.Parameter profiling

T T T T T 1
100 200 300 400 500 600

/U 10 20 30 40 50 60

fi0

a0

40

a0

20

2. correlation analysis

16 18 20 22

3. Optimal variables value setting\
recommendation

AN R B

LA S E ST IS ER

HANFEHASIREE /

* In-depth discovery of human behavior factors based on shift Energy Efficiency KPI benchmarking analysis

/ EE KPI benchmarking (5 shifts)

] - | SF(CHBT0, (S HBER WS HEER B2 HEEF106-300)83/5)

B c D E F G H 1
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4. Summary of key findings & Outlook of future To-Dos

Summary of key findings

» The applying of big data analysis technologies could effectively enable the analysis of high volume industrial data. For example, historical records
of multiple parameters in the production process could be fully analyzed and compared based on statistical analysis, so as to propose a new
optimization model, considering the complex production process as a "black box“ and searching for optimal variable values under different work
conditions according to the most optimal records happened in history.

» Under critical challenges for energy savings, such as development of renewable energy, convergence of OT and IT etc., industrial companies need
to leverage industrial big data innovation to help them gain competitive advantages from multiple aspects, including extended data collection,
storage, processing, analysis and visualization, to achieve Intelligent business decision-making and operation excellence.

* Besides energy savings, industrial big data could realize extensive business value. With full set and high volume data collection with big data
analysis, enterprises can achieve stronger capabilities on production optimization, cost savings, emission reduction etc.

* The success of industrial big data analysis is not such easy. High quality and comprehensive data collection is among the top of key success
factors. And it is much better to apply big data not only for one certain enterprise, but across the entire industry.

» Except for data issue, other barriers for implementing industrial big data analysis lies on traditional management manner and approach. Traditional
forward thinking (“Waterfall”) approach need to be replaced by innovative iterative thinking (“Agile”) approach, so that business results could be
rapidly achieved.

Innovative approach: Iterative thinking (“Agile”)

Traditional approach: forward thinking (“Waterfall”)

Copyright © 2017 Accenture. All rights reserved. 14




4. Summary of key findings & Outlook of future To-Dos

Outlook of future To-

Dos

* Applying of a result-driven based “agile” approach

» Establishment of a service-oriented platform economy business model
« Combination/Convergence of traditional and big data analytics methods

Big Data methods (qualitative analysis) - Statistics model or/and Expert domaln know how model
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Thanks for your attention!

Q&A
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Appendix: Industrial Data and Opportunities

Industrial Data Industrial Data

Data created by industrial process and
equipment such as chemical reaction, jet
engines, and MRI machines, holds more
potential business value on a size-adjusted
basis than other types of Big Data associated
with the social web, consumer Internet and
other sources.

Industrial Data’s Top
Opportunity

95% of executives surveyed worldwide expect
their company to use the Big Data Technology

. . Operational Efficiency Top-Line Growth
within 3 years, another 63% believe the
industrial big data offers them competitive Automation, more flexible production New digital products and services
advantage techniques and predictive maintenance generate entirely new sources of
revenue
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