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2014 ‘Sustainable Energy Policy Through Digital
Innovations: Synergy of Energy Efficiency and
Renewable Energy”’ Workshop Programme

NO. Time Programme Speaker Organization
1 09:00~10:00 Arrival and registration of participants B &
N # " q National Research
2 10:00~10:20 Opening Ceremony Jong-Hyun RHIE Foundation of Korea
10:20~12:30 Plenary session 1 & B2B meetings
Theme 1 Improving Energy Efficiency and Energy Saving Technologies in Russia Moderator
Energy efficiency technologies based on IT in the
R framework of Russian energy saving program for Anton Tvuk Volgograd State
8 Ala-10.40 municipal and service institutions till 2020 e Technical University
Modern energy-efficient nanotechnology to Vavilov State Optical
4 10:40~11:00 improve the efficiency of solar panels Alexander Gorshkov institute, SPb
5 11:00~11:15 Coffee-break
Intelligent Data Processing in Energy Management Maxim Volgograd State
6 11:15~11:35 Systems: from data to energy savings Shcherbakov Technical University
Th 2 Technical UniversityRenewable Energy: Solar Energy Policies Designed to Encourage Modernization and
Sne Technical Innovation in Russian and CIS Industry
Technology priorities in modern renewable energy and . . Lomonosov Moscow
7 11:35~11:55 Russian technological platforms Oleg Sinyugin State University
Solar power plants as a key energy resource for public
8 11:55~12:15 transport in south regions of Russia Oleg Olshansky Solar Technologies LLC
Energy laser-optical system for space-based conversion Vavilov State Optical
9 12:15~12:30 solar energy based on fullerene-oxygen-iodine laser Belousova Inna institute, SPFI’:)
12:30~14:00 Business Opening Lunch for Forum’s participants
14:00~16:30 Plenary session 2 & B2B meetings
Innovation global geography of traditional and renewable : 5 i
10 14:00~14:20 power sources Mikhail Berezkin Moscow State University
Reduce the cost of solar cells based on perovskites at . Kuban State Universi
1 14:20~14:40 fully printed production SAMATKY DIy P it
Theme 3 Management of Bio-resources in the Era of Climate Change
Estimation of the Carbon Dioxide Formation in Heat-
Power Complex of the Central Asia and Prospective of
12 14:40~15:00 Development of Hydrogen Power Engineering Inom Normatov Tajik National University
Climate change in the south-east of Kazakhstan and Kazakh National University
13 15:00~15:20 perspectives of alternative energy in the region Anuar Zhukeshov named after al-Farabi
Advanced energy materials for Russian energy sector modernization and benefits of increasing investments
Theme 4 4 :
through SK technolegies (Korean technology presentations)
14 15:20~15:40 Renewable Energy Resource Atlas System Yong Heack. Kang KIER
15  15:40~16:00 Clean Fuel Technology Based on Coal Gasification Ho Won. Ra KIER
Strategy for successful Korea-Russia technology transfer
16 16:00~16:15 in the field of energy Elizabeth Lee EurasTech Corp.
17 16:15~16:30 Coffee-break
18 16:30~17:30 Round table. Q n A session. Closing remarks
19 16:45~17:00 Special Honourary guest: His Excellency Ulyanovskaya region Governor
20 17:30~18:30 Cocktail Reception (invitation only).
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Improving Energy Efficiency
and Energy Saving
Technologies In Russia
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Dr. Anton P Tyukov.

Assistant Professor, Department of Automation, Volgograd
State Technical University.

Anton holds PhD degree in « system analysis, information
processing and control” at Volgograd State Technical
University in collaboration with Umver81t§; A #Of Leuven
Belgium (2013) and Master’'s degree ﬁ-rlmlbvatmn
Management” (2012). Currently he pubhshed more than 30
works on the following topics: energy ihanﬁ%q
systems, data visualization, data  quality, ﬁscrentlflc
computing, control algorithms, influence of, wea'thérﬂaa‘@ed
energy consumption and production forecasts, modeling on
energy consumption etc. -
Now he runs a research and software development group,
which specializes, on sensor installations, enefgy data
governance, industrial and SCADA software development,
big data, data visualization, scientific research (control
algorithms, gray box modeling) in collaboration with Porta
Capena NV ( Belgium), Porta Capena Polska and
University of Leuven (Belgium). His group developed his
own SCADA system to manage energy consumption in

public buildings
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Energy efficiency technologies based
on IT in the framework of Russian
energy saving program for municipal
and service institutions till 2020

Anton Tyukov
PhD, Volgograd State Technical University,
Russia
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People spend

80 %

of their time in buildings

Annual building maintenance cost: : T R
Electricity: $0.3 - 1.5 min Russia annually spends on electricity:

Gas ( For heating): $0.15 - 0.7 mIn $85 000 000 000
Water: $0.1 - 0.4 min
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Saving potential of each -« Building inhabitants cares about
building is around 30% comfort

« Then comfortable, they are productive
« Their boss pays everything

T
 Energy managers
« Have low qualification and not interested in

ep
‘%%Lﬁ - savings
Aenb 2 [ » Their boss pays everything
2t -« Building
I\ « Has inefficient energy policy
7

YTPO ]
» Inefficient use is not stopped in time

| g ﬁé@ « Has low Investment attractiveness
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Goals of Energy Efficiency program till 2020

-Improve efficiency of energy —_—
managers =
-Reduce energy costs for BSs—_
building maintenance ——
- Save 630 bil. kWh on electricity ——
- Save 1550 min. Kal on heating : E;; Z
- 334 min. Ton fuel equivalent —
Reduce carbon emissions on X e

S
-\-\-""\-L{'f

409 min. tons
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Conteptual system design

Effective energy policy through:

/1. Real time resources v\
consumption + statistics;

2. Reports (day, week, v
month, year); |

3. Targeting savings;
4. Benchmarking.
K rking V/

Ké Gas \

@ Electricity
0 Water

ﬁ Temperature

P \
£

K"? User’s sensors

Client’s buildings

ce@®®0000 g0 g

% ' Building general
screen

-

4 N

| —

e R :u
Flexible Interactive Energy
Screens (FIES) J

6

FTP, GPRS,
Ethernet \
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| , 1 ENERGY

4 IMPROVEMENT PLANNING

SO 50001

3 CHECKING 2 IMPLEMENTATION &

‘ OPERATION
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Step 1: Energy Planning

Example 1: Energy submetering

1% ., vapor
4% - HVAC

2% - swimming pool

17% - Laundry |

WATER
CONSUMPTION
IN A HOTEL

34% - Rooms

20% -

public zones _
22% - Bars and Kitchen

3
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Step 1: Energy Planning

Example 2: Saving of heating system
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Fig 2 — Gas consumptionin a building

Total energy consumption: 53 621 kWh
Potential economy: 23 754 kWh (44%)
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Fig 3 — Saving potential for 30 buildings

9
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SEEEERERE

Step 1: Energy Planning

Example 3: Comparing objects

B

Fig 4 - Energy consumption
of different periods

Office 1 Eesss——— 23 %

. 25 %
IEEEE—— 20 %
[

e 8%
Office 16 — 6%
- 2%
1%
1% =
4% .
-6% ——
Office 32 8% _

Office 40

<- Qverconsumption - Economy ->

Fig 5 - Comparing energy consumption

f different buildi
of different buildings 10
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Step 1: Energy Planning

Example 3: Measuring internal comfort and productivity

COz2 - Indoor Temp <

ww 3 Thermal

Air Quality

PRODUCTIVITY

Fig 7 - Calculating productivity

Fig 6 - Measuring comfort 11
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Step 2 - Implementation and operation

Anomalies detection

Abnormal Consumption Before

. Opening Hours Detected
o Hardware malfunction

o Leakages and inefficient use o
Energy

o Low comfort

o Too early HVAC startup detection | e
(with weather information) | g,
o Excessive air conditioning detection

o Anomaly detection during holidays
and weekends Fig 8 — Example of the Anomaly
detection Visualization

Example of the Anomaly Detection Visualization

12
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Step: 2 Implementation and operation
Example 2: Anomalies examples

22580

YTEUKA | \

26/05/2008 & :00 28082008 1200 ZEMSEZ008 20 .00

LEMO | 3nextp. akt. [ Cymm. 17.03.2008 - 24.03.2008 I OEMO [ BOOA 19.05.2008 - 20.05.2008

Cymmapuoe norpebGnenme 16.587,79 kBriu Cymmaproe norpebnenne 9.625,00 n_

OEMO | Onekrp. akr. | Cymm. 24.09.2008 - 01.10.2008 w JOEMO | BOOA 26.05.2008 - 27.05.2008
Cymmapuoe noTpebnenue KBT/u CymmapHoe notpefinexue 4.200,00 n_
-

Fig 9 - Annual economy Fig 10 - Annual economy
on electricity is $31 000 on water - $4 000
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Step 2 - Implementation and operation

Example 1: Analyzing anomalies

Electricity Anomalies

SAVINGS PROGNOSES

Understandingand reduction of

energy costs

Identification of areas of potential

energy savings

Highlights of opportunities for

energy management improvements

0.01% >-02%0.01%

0.41%

Gas Anomalies

7.31%

1.27% 349, ®

Anomalies Before

Opening Hours
Anomalies During

1.11% 1.66% Opening Hours
B Anomalies After
0 .
2.10% Opening Hours
 Holidays
B Weekends
= Normal
Consumption
87.33% P
Electricity Lost % of Total % of Total
ANOMALY TYPE . Money lost ANOMALY TYPE Gas Lost [m3] . Money lost
[kwh] Consumption Consumption

Anomalies Before Opening Anomalies Before Opening

Hours 19,4 0,01% 2 EUR Hours 4.974,2 7,31%

Anomalies During Opening Anomalies During Opening

Hours 5.327,1 3,02% 639 EUR Hours 865,3 1,27%

Anomalies After Opening Anomalies After Opening

Hours 1.950,6 1,11% 234EUR Hours 229,1 0,34%

Anomalies During Holidays 720,3 0,41% 86 EUR Anomalies During Holidays 6.068,6 1,66%

Anomalies During Weekends 10,0 0,01% TEUR Anomalies During Weekends 1.128,5 2,10%

8027,4 4,55% 963 EUR| TOTAL

14
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Temperature

Temperature

Gas consumption

Step 2 - Implementation and operation
Example 2: HVAC SYSTEM PERFORMANCE

Settings
2 Fa v [£] Time opened: |09:00 [£
= (Update] [Simulate 21

Time closed: |20:02 %

Target temperature:

Opened oa weekends: [

{ Update settings

Indoor Temperature

MAPE:
MASE
GNRMSE
HDD:
230ct 0200 0400 06:00 03:00 10:00 1200 14:00 16:00 18:00 2000 2200 240ct
0] - = = = - = — 0
) i Time
Temperaturs [ Simulation ) Target ¥ Real ¥] Optimized
Outdoor Temperature
I T Tt by
L ) I Y E B Hh = e
5
230ct 0200 0400 06:00 08:00 10:00 1200 14:00 16:00 18:00 2000 2000 240ct
= — — = = 0]
Time
Gas Consumption
6 :
i GC Total:
5
4
3
1
Boct 0200 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 2000 2200  240ct
[0 PR )

Time

Gas consumption: V] Gas consumption [V Control signal [V] Control signal optimized

Export control signals: Retro Analysis or Optimized

Fig 11 - HVAC system
supervisory control

554 KWih

Day energy profile

< |19/02/2014

Opening hours:
Consumption before
optimization:

Consumption with
savings:

Savings:
Savings percentage:

Average
temperature:

i b | Get |

8:00 -
17:00

154 m=

95,7 m?

58,3 m?3
37,9 %

P

Pure profile =—— Saving profile =—— Temperature

20—
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Fig 12 — Energy savings
of heating system
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Step 3: Monitoring the Progress

Electricity

Reference Year Regression Chart

From: 01-2011 %
To: 12-2011 £
|
S 10k
Consumption (m®): 76.112 i:
=
) []
Degree days: 2.014.2 i
E bill? 0 100 200 300 400
nergy bl . Graaddagen
Start of monitoring: 01-2013

Comparison Chart Savings Chart

5y 100%10.350.5%

&= 65
S wew o1% 96% gpy oy 967
5
._:.: }4‘
E 5% 35
| | | )
| w | ..l. ...-...
jan feb maa apr mei jun jul aug sep okt nov dec

ul aug sep

Fig 13 - Monitoring
the progress

16
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Step 4: Improvement

Energy consumption in kWh

1800
1600
1400
1200
1000
800
600
400
200
0

Jan

Mar  June Aug Sept

Fig 14 - Distribution
of energy usage

Nov

s FACL

Goal

17
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echnical system design: general overview

= Data collection Data processing Data visualization
Eg? 6‘%'} > - - \\ ,’ ____________ \ |,( ___________________ N S
:. a;—_p Dzt Building | Buildi | ; : : <Jq Consumption profile :
E sensors | uniding ! . ') |
AT ' | characteristics | L ,
3 SE : 7 : ; | 4 Energy Reductions !
EIEE B | ! |
TRE ~ ! ! R R !
SE 1 Bk e i e s oy ilding Si
il;li Py : Real-time : | : N SRR :
| (1,15 mins L NS :
- ’ ’ 1 . .
&7 1 hour) Data quality | | ! C: Predictions and targets |
| ! checks | y |
% Historical N ~ e N Alarms |
(months, 4 N o NY— 2 e e e !
: years) Data : ,
: i analytics ! Data gathering
. Weather | AN S :
| . 1 I I
\websites : ! !
|
. | : ! Data export | !
: Weather | | I system — 1
|
mul)| (currentand |, » N Data for E
1 | . -
| forecast) ! ; : : \ analysis M !
|

N e ____ % . e e e e / \_____________________________________1_8
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Technical system design: sensors

oy lly

3G/GPRS

jevice device o of o o o

1 module module ‘l module g B 9 G 5

T J J T l —"-?. _.'. || ()

.;% TD TD {Hb T'" Energy meters Custom meters

mbar o o, mbar o

CO2 co2 _ o _

dB dB Fig 16 - Building automation

Fig 15 - Plug&Play sensors
Fig 17 - Custom solutions

19
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Technical system design: data from meteorological
Institutes

e Collection method
 API
« Parsing html pages
e Types:
e Historical

 Current
 Forecast

« 10 + features collected

“ﬂl‘lﬂl’ﬂnﬂﬂrﬂ"ﬂ

windarground com

’?TMENT Of °°

Sol)o

sl lmtiom clats 20
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Technical system design: Digital Information screens

y) ECOSCADA" Bo6po noxxanosarb!

Wamepenue: Consum) ption BEMT

--:-E’- j 1250
i [ B
CuLC3

[ loHeneNbHUK

Pacnucanve W [eHb 1 OxuAaeMbiii 0 JleHb — Hegens |

Map | Satellite y 1

BewT

wilrjk

40k ) s z- / Y& Recs :
De;\demndM*l a
m“* NG Fig 19 — Example of
o Y installtion

M Consum| ption BEMT [ 2013 re \

Fig 18 — Example of digital information screen

21
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Technical system design: Data Export for researchers

reduced time on data preparation

 Information fusion

 Sensor information
« Weather conditions

« Data exported for
- R
« Weka
« Excel

 Octave
 Matlab

« Data Quality Certificate

22
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Conclusions

1) Social Effect

2) Automatization
3) Building Investment attractiveness

4) Real Energy Savings
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Thank you. Write to Anton.tyukov@gmail.com

* Anton Tyukov Ph.D, Volgograd State Technical University

e Anton.tyukov @gmail.com
* +79050642601

* Research and Software development team
* 50 + publications
* Partners from EU

» Key specialties: Software development, data visualization, information fusion,
data analysis, big data



Dr. Alexander Gorshkov.

Vavilov State Optical institute, St.Petersburg , General
Director Assistant.

He got Ph.D. degree at Vavilov State Optical Institute
St-Petersburg, Russia in Optics, laser *Ehh,):siﬁf and
techniques (Dissertation Title: High Precié‘igi}.- Laser
Interferometer for Geophysical Applications,198;1 and
master’'s degree in Optics and Spectroscopy at Le ning;‘ad
State University. In 2003 Dr. Gorshkov received, ‘I—]ﬂonoxar,y
memorable medal from Russian goverment- 300" yeai“s of
Saint-Petersburg foundation and in 2005 - an Honor
Diploma for Contribution to Development th;)f Laser
technique, Vavilov State Optical institute.

During 2001-2005 r. Gorshkov’s scientific acéivity in
Russia was concerned of special applications. Papers and
reports contain a confidential information and published
in the restricted publications. From Oct 2005 till now all
obtained results are regarded to technological issues and

belong to Samsung Electronics ( SEC).
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Modern energy-efficient nanotechnology
to iImprove the efficiency of solar panels

Gorshkov A.S., PhD, Michailov A.V., PhD

Russia Saint-Petersburg




rowu

Design of conventional solar panels

T «—— Protective screen glass

<« Silicon solar cell

Loss of solar radiation due to reflection:

on the screen ~ 8.5-9.0%

on a silicon solar cell ~32.5 %
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Proposed ways of increasing the efficiency of solar cells ——————<
by applying an antireflection nanocomposite coatings

Conventional approach:

1. The reduction of reflection losses of silicon solar cell is about 25 to 28 %
by the method of vacuum deposition



. . . . O~
Proposed ways of increasing the efficiency of solar cells <

by applying an antireflection nanocomposite coatings

Proposed approach:

2. The reduction of reflection losses of the protective screen for 4-5 % due
to the method of chemical deposition from all sides of the screen



Proposed ways of increasing the efficiency of solar cells <
by applying an antireflection nanocomposite coatings

3. Improvement of performance characteristics of solar cells 2-3 times
by applying a protective hydrophobic water-repellent coatings

The total increase in the transmittance of the solar battery at 31-33 %
Increase the efficiency of the battery by 5-7 %

Such a protective hydrophobic coating for insulators of transmission lines allow
to reduce losses from leakage of electricity 50-100 times
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Vavilov state optical institute

Leading Russian research organization
in the field of opto-electronic devices and
systems for special and general purposes

Vavilov State optical institute developed a method of creating
a surface film by etching the silicate glass of water solutions of acids

Formed by etching (leaching) of the glass layer silica
possesses a porous structure, whereby the refractive index of such a
surface reaches 1.22-1.27, which consequently reduces the reflection
of light from such a surface

This process showed wide opportunities to increase
transparency (transmittance) of optical systems, in which there are
large losses of light due to the reflection

s
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Bit of theory v

It is well known that reflection of incident light to surface is equal zero when:

n coating — V nsubstrate

Most popular coating materials such as SiO, and MgF,

have a refractive indexes 1.46 and 1.39 correspondently
Dense materials with a refractive index of 1.1 or 1.2 does not exist in nature
For many tasks such materials are extremely essential

In particular the creation of a broadband antireflection coatings
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Bit of theory v

Fraunhofer, Germany and Lord Rayleigh, Great Britain
almost a century ago found that chemical treatment of the
glass surface reduces the reflection from its surface

It was later proposed a method to obtain an antireflection
film by treating the surface of the glass in acid

Since the refractive index of the material is related to its
density, the refractive index can be reduced by creating a
porous structure

It is necessary that the pore size was significantly smaller
than the wavelength of the incident radiation, and their
distribution was uniform
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—'%

Creating a gradient of porosity in the surface
layer of the glass is possible in various ways

Such porous layers can be obtained by
chemical leaching of glass with multiple
phases or treatment in a neutral solution

How can do it

Both of these techniques are applicable only
for a glass of special composition

B — proposed porouos coating

* Vavilov optical institute based on experience since the 30-ies of the last

century proposed technology of creating porouos coatings from polymer
solutions

« The advantage of this method is that the coating does not depend
on the substrate material and porosity may be controlled
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Method of extrusion

The extrusion method can be described as a process in which the
substrate is immersed in the liquid, and then removed at a certain speed
at a certain temperature and atmospheric conditions

This method can be used for coating on an area the size of several
sguare meters in continuous or group modes

This method can be divided into five stages:
- Immersion

- extraction

- precipitation

- runoff

- evaporation

Simple method with a relatively low cost



LI

dipping wet layer formation solvent evaporation

Stages of deposition of the coating by the method of extrusion
Immersion in the film-forming solution, the formation of the layer by pulling
the substrate and gelation in the film when the solvent evaporates
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Method of extrusion

Advantages:

 The extrusion method is the most common and simple method of applying
a film on a substrate

* Perhaps the coating on one or both sides

 The substrates may be flat panels, cylinders or parts of complex geometry

 The method allows optimal adjustment of the parameters of coverage due
to a change in chemical composition

 This method can be used for coating on an area the size of several square
meters in continuous or group modes

Disadvantages:

 The need for a large number of solution in the tank, especially for
substrates of large size

e [tisinconvenient, if the solution is expensive or unstable

 The method is not suitable for multi-layer coatings
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Method of extrusion

In a first approximation,
the film thickness is determined by the following ratio:

" (viscosity) speed) |2
liquid density

Film thickness =

If the viscosity and density remain constant, the film thickness
IS proportional to the square root of the rate of withdrawal



Experimental results:
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transmittance as a function of parameters

100

28 —

Transmittance

e

ST.5%0 {1.35)

D5.4% (1.38)

99.0% (1.30)

SO0/ 1TO

280/20

Components
Ratio

T30

SO0/30

94.4%6 (1.43)

S0/50

uncoated

Wavelength, nm

292
300

S00 500

B00

The dependence of the transmittance and refractive index on wavelength and the ratio
of the component constituting the coating
Obtained in the coating ensures the transmission of more than 95 % in the spectral

range 350-800 nm
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Stages of technology v

Production by applying antireflection coatings using
technology for protective screens solar panels of different
sizes comprises the following process steps:

- section for the preparation of solutions

- cleaning phase of the glass before coating

- part of the application antireflection coatings

- heat treatment of coatings

- section for the application of protective,water repellent
coatings

- testing
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Polycarbonate as the material for protective screen

Note promising applications as a protective screen of a material such as polycarbonate

Its advantages over glass:
lack of brittleness
low weight, flexibility
the ability to take the set forms
ability to be covered by the developed anti reflex coating, including the internal structure
low cost

We have an experience to use this material as a protective screen for solar panels
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Main results

Vavilov state optical institute has elaborated a technology
for increasing the efficiency of existing conventional solar
sells

The total increase in the transmittance of the solar battery
at 31-33 %

Increase the efficiency of the battery by 5-7 %
Protective hydrophobic coating for insulators of
transmission lines allow to reduce losses from leakage of

electricity 50-100 times

Vavilov state optical institute invites to cooperate in the
field of described technology all interested organizations



Thank you very much
for you attention !

Please contact us:

Russia, 199053, Saint-Petersburg, Kadetskaya line, 2 - 5
E-mal. leader@soi.spb.ru

Phone: +7 812 328 4779

Fax: +7 812 331 7558

www.npkgol.ru




Dr. Maxim Shcherbakov

Dr. Maxim Shcherbakov is an Assistant Professor and
Research Scientist at Volgograd State Technical University.
Head of Intelligent Energy Management group which
focuses on developing data analytics techniques in the
framework of building energy management sy.stgm BEMS
He received his PhD degree in System and Controdh :Iheory
from Volgograd State Technical University in 2004.
In-depth 10+ years expertise in strongly analytical *
environments including predictive analytics, data mri.uﬁgﬂf y
machine learning techniques. Solid understanding =0f w
to do step-by-step data science research in energy
management field with hands-on development: from energy
data to solutions and benefits. Experienced as a business
owner in software development in a cross-functional
environment. Thorough understanding of business needs of
complete development lifecycle allowed to ship more than
20 software products on time and provide IT service
(2006-2013). An author and co-author of more than 40
research papers, 3 patents and 2 university courses; IEEE
and ACM member.






The 32nd ISTC-Korea Workshop 2014 SMARTERDAM:2

Intelligent Data Processing in
Energy Management Systems:
from data to energy savings

Maxim Shcherbakov,
PhD, Volgograd State Technical University,
Russia



The 32" ISTC-Korea Workshop 2014

Outline

1. Energy Management System: how to
save using data processing?

2. Cases
1. Energy Data Quality Analysis.

2. Intelligent data-driven algorithms for
anomaly detection.

3. Forecasting based analysis.
3. Technological Stack
4. Conclusion

Intelligent

Energy

[ 1- Management
i

BUILDING ENERGY

MANAGEMENT SUSTAINABLE )

DEVELOPMENT

HVAC Control

DATA PROCESSING
AND ANALISYS
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Energy Management Systems

* Based on ISO 50001 & other standards: A graphical representation of ISO 50001 family
achieves energy performance according |
energy savings policy ‘
A —
r use f:r Energy

* Energy management system based on BT oo

Energy
Energy Audit

continual improvement cycle “plan-do- \

1SO 50001
Energy management systems — Requirements with guidance for use

check-act(improve)” -
Guidance for the Implementation Me;z‘:{é?is:;gy
M M lementation and operation | providing the methods
. 3t fd - o :
YPeES OT decCiSions: et R e
° H H EnMS. ;::ffc‘,c:ﬁ::czf Ry M&V Guidance and
CO rre Ctlve a Ct I O n Checking — | Principles for
. . Organizations
* proactative actions 1 \ [
. . ISO DIS 50003
* automation actions Improvement bodies roviding audi and

* Getting data is an essential step in energy reranen | | cotenn e

Conformity assessment —

manageeme nt EnMS certification process Reuirameits foctiodies
providing audit and certification

__Y

. . / of management systems
* Question: How data processing helps to
improve energy performance?
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Energy Data Quality Analysis

1. Need to be sure: decisions are made based on 577 377
right data £200
g 150 | 1
2. Issues: 2 100 M 2
1. loss data, corruption in data, incorrect data 2 . | ]JW ﬂ
2. Task: gaps detection

3. Data Quality Criteria: structured, semantic, vz 22y S22 712 8
pragmatic, timewise

4. Solutions for real time data quality analysis N iy DT s RN ey

based on data-driven pipeline concept

1. rules based monitoring: user specified
conditions for data quality estimation

- . : . e e OE O
2.  statistics & machine learning algorithms for — ————— — ;
quality estimation and data improvement i — etansslSl
. . o +o-uo0 I [ R :’;H [CRIY : fo [ [ |
5. Data Quality Certificate: & SLA (data owner) B amam s ey -Eooo
. ComEmE L. E--Eooo
6. Value: ~ BBEEB ~ §BEH
1. Bedu”ce risks make up wrong decision based on JANUARY 2013 s Ay 20T
bad” data wo-woo [ N G T 11|
o . . . il ﬂ-uﬂ Em-!swn-nn
2. Speed up fixing the devises failures o [ = |~ [ [
2 | e Ol O (] eoo-2cr ) O O
ped | 1 "rEmag
~ BE88 - HE88 4




Intelligent data-driven algorithms for anomalv

MWM

detection

* Different types of anomalies:
* devices faults (I type)

» changes in behavior (Il type)

* Methods:
* Rule based detection
* Forecast based detection
* Clustering based detection

e Results

* abnormal energy consumption
* devices failures detection

* increasing reliability of manage

J

M

i

” i

Ly

detection

ment
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Forecasting based analysis

automation forecastmg
* multiple buildings (>3000)
* many-step-ahead forecasting
* |ot of data for analysis

Solutions:
* Brute force based on domain knowledge
 State space forecasting

Interpretation

* need to have white box: or linear regression or decision
tree

* prescriptive analysis

Value:
* ROI calculation
* detect proactive patterns & make proactive decisions
* energy demand orders
* MPC
* PV forecasting: hybrid energy systems

Different methods and models: but how they good at

1 e
Inlieg oo
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Technological Stack

Data Sources Layer

Devi External
evices
(Sensors) Web Actuators
Browser Services
A A ~
A
—_—
i ~———Web Applicgtion & Services (Ul Layer) \.-\ ~
Mobile
Application Web Application
View & r

Data Collector
Engine

Web Application I
Controllers & Models /
L y
~———Business Layer i/ {

I

Web Services

Real Time Data Stream Supervised
Processing Engine Control Engine

1
1
1
1
1
1
1
1
1
1
1
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Decision Support !
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Engine
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\ Processing Engine
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Data Layer >

| Data Base Access Abstract Engine |
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Real Data Warehouse
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Wanaf: otio20iz = Tot: A2 =

Totaal energleverhndic 1555056 k'Wh Maximale pleic In 15min

M0 —
ec:r ik bantes opssingsuren -lk l'l  fidene cpenisgeu

Conclusion e
Data acquisition is very first step in energy Mmlm s b ...-IMM

management

sewarhnudk in kwh

* Estimation of data quality: i R RRTETRR RY Mnc
* is this data appropriate for decision making? e E— Ea
* |s it possible to improve data quality? S| e % % % %
* Anomaly detection: mismanagement and - o CBE B
identification of “abnormal” consumption sl =
e Predictive analytics: —
 predictive based decision support is able to make S
proactive decision and reduce risks. - |
 forecasting in automation mode: reduce the cost of - @ o “ | I\, !‘mhf."'\'\w,z‘m,“u'lq
analysis e DU i
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Thank you

* Contacts (R&D VSTU, Volgograd):
* Maxim Shcherbakov maxim.shcherbakov@gmail.com
* Anton Tyukov
* Valery Kamaev




Theme 2.

Renewable Energy:

Solar Energy Policies
Designed to Encourage
Modernization and
Technical Innovation In
Russian and CIS Industry
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Dr. Oleg Sinyugin.
M.V. Lomonosov Moscow State University, Senior

Researcher

Energy economist with significant international experience,
have been working in Latin America, Europe and
Asia-Pacific. Graduated from M.V.Lomonosov chzscoW State
University in 1985. "__‘L

v,
Obtained Ph.D. in economics from the System Afml’zsks
Institute, Russian Academy of Sciences in 1994 A‘tgp‘re§e1;t
work as a senior researcher in laboratory, for ihénewgble
sources of energy, geography department, M.V.Lomonosov

AL
Moscow State University.

Author/co-author of 90 publications in the field of energy,

economic development and environment
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Technology priorities in modern
renewable energy and Russian
technological platforms

by Oleg Sinyugin, Ph.D.(econ.)
Senior researcher, Geography department
M.V.Lomonosov Moscow State University

Workshop  "Sustainable Energy Policy Through Digital
Innovations: Synergy of Energy Efficiency and Renewable
Energy®, Seoul, Korea, October, 2014
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Research and Development (R&D)

According to Organisation for Economic Cooperation
and Development (OECD, 2012) the world spending
on Research and Development (R&D) totals 1200
billion dollars US annually.

National figures vary widely, for instance the R&D sum
for Russia is 1% GDP, while it is 2.7% GDP for
Republic of Korea.

About 10 billion dollars US — 0.8% of total — are
directed into renewable energy R&D.

In order to channel these funds effectively, both
commercially and through the government budget,
technology priorities in renewable energy should be
identified.

Here we discuss global technological foresight ideas
In 6 areas: bioenergy, hydropower, geothermal, wind
energy, solar energy and marine energy.
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Russian technological platforms

Starting in 2010-11, Russia has established 34
technological platforms in key areas:

Medicine and Dbiotechnologies, information and
communication technologies (ICT), photonics,
aerospace, nuclear technologies, energy, transport,
new materials and metallurgy, natural resource
extraction, manufacturing technologies and ecology.

Technological platform is an instrument of state
scientific and innovation policy, aimed to establish
government-private partnerships for commercialization
of perspective technologies

Although being initiated in difficult post-crisis time, they
represent roadmaps for enhanced development in the
context of Russia’s economy up to 2030.
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Tech platforms in renewable energy é

« Among these directions 4 are dealing with renewable
energy:

1) ‘Bioenergy’,

2) ‘Perspective renewable energy technologies’,
3) ‘Small scale distributed energy systems’, and
4) ‘Ocean resources’.

 Renewable energy (RE) is a real high technology sector
with double-digit annual growth rates, attracting
domestic and international investment, so it is a window
of opportunity in potentially vast Russian market.

« The main issue here Is whether the Russian
technological platforms match global trends in RE
advance.
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Global hydropower R&D

No major improvements in machinery

Computer automatisation in monitoring, diagnostics,
protection and control technologies

maximize the energy produced from existing projects
through modernisation

New sites for small hydro projects
hybrid systems wing-hydro and hydrogen production
Pumped storage and grid balancing

Improvements in efficiency. Reductions in equipment
costs. Reductions in operating and maintenance costs.
Improvements in reliability and availability

Investment cost — 1000-3500 USD/kWh. Installed
capacity — 810 + 180 GW. Electricity cost > 2
centsUS/kWh
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Global wind R&D

« Large-scale integration of wind turbines into electric
grids

* Forecasting power performance, decrease uncertainty
In power output

« Extreme environmental conditions, safety, power
performance and noise

« Storage techniques

« More efficient generators and converters from
electronics industry

« Electric load control and improved power quality

e |nvestment cost — 900-1700 USD/kWh. Installed
capacity — 283 GW. Electricity cost > 4 centsUS/kWh
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Global solar thermal R&D é

« Parabolic trough technology using high temperature
fluid (HTF) or direct steam generation (DSG).

 Central Receiver Systems (CRS) using: molten salt,
pressurised air receiver and dish Stirling systems.

* improvement of modular components - concentrators,
heliostats or modular receivers

 storage systems for high pressure steam and
pressurised, high temperature air - significant drop in
electricity costs

 Energy / exergy loss optimisation

1T A
o A T I T
=

e Investment cost — 3000-4000 USD/kWh. Installed
capacity — 3 GW. Electricity cost > 17 centsUS/kWh
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Global photovoltaic (PV) R&D f
1.Target - very low cost (while optimising efficiency): s w:aj
«Improved oxide cells. s ﬁu;
Organic solar cells. R )

*Nano-structured materials.
2.Target - very high efficiency (while optimising cost): )
*Multi-junction cells for use in concentrators |
New conversion mechanism concepts
*New resource for crystal silicon production
*Cost reduction in thin-film technologies
Long-term stability up to 25 years lifetime

*R&D in materials science, device physics and chemistry,
electronics, robotics, building technologies, electrical
transmission systems and storage

sInvestment cost — 1500-2500 USD/kKWh. Installed capacity
— 100 GW. Electricity cost > 9 centsUS/kWh
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Global bioenergy R&D

Develop biorefinery concept for biomass feedstocks
Biological conversion for ethanol, biogas

Anaerobic digestion for biogas

Municipal solid waste incineration - electricity and heat

Production of bioethanol and biodiesel from sugar, oil-
based crops and lignocellulosics.

Biohydrogen

Avalilability of cheap feedstocks: short rotation forestry,
grasses, straw, sewage

Increase the energy density by pelletising.

Improvement of the efficiency of conversion processes
while reducing their costs

Investment cost — 800-4500 USD/kKWh. Installed
capacity — 83 Gwe. Electricity cost > 5 centsUS/kWh
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Global geothermal R&D

Development of deep (>3,000 m) geothermal resources
Development of hot dry rock formations
Increased geothermal co-generation of power and heat

Reduction of costs of geothermal well drilling, logging
and completion

Direct geothermal systems, including geothermal heat
pumps and space heating

Life-cycle analysis, sustainability of geothermal power
generation

Improved conversion efficiency cycles, exergy
optimisation
Induced seismicity on geothermal sites

Investment cost — 1000-2500 USD/kKWh. Installed
capacity — 12 Gwe. Electricity cost > 7 centsUS/kWh




The 32" |STC-Korea Workshop 2014

Global ocean/marine energy R&D

Tidal stream current systems based on underwater
turbines (transfer of turbines and rotors from
shipbuilding industries).

Salinity gradient (efficient membranes).

Ocean thermal energy conversion (OTEC)

Resource potential assessment and monitoring

Wave energy systems

Improvement of power take-off systems.

Investment cost — 2000-5000 USD/KWh. Installed
capacity — 0.5 GW. Electricity cost > 20 centsUS/kWh
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National RE targets in Russia

First national target indicators for renewable energy
were established in 2009.

According to federal program “Energy Efficiency and
Energy Sector Development” 6.2 GW of new generation
capacity based on renewable sources should be
Installed in Russia by 2020

Thus RE share in national energy balance could reach
2.5%, comparing to 0.8% at present

Deployment of 6.2 GW renewable energy capacity
corresponds to annual investment of $2 billion/yr

Average figure for RE investment in Russia in 2005-
2013 is estimated at $200 million/yr — that is 10 times
less the announced level
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#3. Bioenergy

Target: Formulate development concept and
implementation roadmap for national bioenergy sector

Coordinator: Federal research center “Kurchatov
Institute”

Adaptation and integration of bioenergy into the context
of existing energy sector

Technologies for non-food biomass production on
iIndustrial scale

CO2 capture and transformation to biomass

Utilization of agricultural, industrial and urban organic
waste

Fermentation of non-food biomass to biogas

Catalysis processing of biomass into liquid fuels,
alcohool and biodiesel

Species selection and bioengineering
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#9. Small-scale distributed energy systems f

« Transition from centralized power supply to combination
of diversified energy systems tailored to consumer
demand and local conditions

« Target: develop typical equipment modules and design | \\
small-scale distributed energy supply systems u

 Combine standard generation units, local grids, control
and automatisation, storage

 Minimize deployment and dissemination costs, reduce
manufacturing expenditures

« Formulate roadmap for market, institutional and
scientific ambient conditions

1 11
o e i N e
S

 Formulate strategic plan for R&D and innovation
implementation in the field of small-scale energy
systems

« Coordinators: “Agency for power balance forecasting”,
“Inter RAO ES” company
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#18. Ocean resources f

 Large mineral, bio- and energy resource potential in 3
oceans. 5 million km2 - national exclusive economic
zone in Pacific Ocean

« Target: develop the set of breakthrough technologies to | x\
exploit marine resources )

« Connect government-private partnerships and scientific
research

« Present focus on gas and oil extraction on sea shelf
* Robotic systems for surface and submarine applications

« Ship-based energy supply facilities for coastal urban
areas (including nuclear energy)

1 11
o e i N e
S

« Special opportunities for tidal energy development in
Okhotsk Sea (Tugur project, 20 GW)

« Coordinator: Federal scientific center “Concern MPO
Hydrodevice”
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19. Perspective renewable energy technologies f

« Target: Accelerate deployment of power and heat generation
technologies, based on renewable energy (RE) sources

e T I
o A T I T
=

» Coordinator: “Rushydro” joint-stock company )Y

« Develop strategic research program. Coordinate technology
platform members activity.

« Facilitate operation of RE generators in existing power grid
« Approval of “green energy” tariffs for RE generation

« Standardization for equipment, construction and operation

A%
 Life-cycle monitoring and management for RE projects M )

* International cooperation in RE development. Russia joined
IRENA in September 2014




Dr. Oleg Olshansky.

Solar Technologies LLC., Technical Director; Infodate Co.,
Ltd, Co-Founder, Director

Website:

PIR. (Industrial Research and Development) - Director of
Economics. Business Partners in EU SRO Lm.teh P
CZ-Contract supplies of equipment and projects fof: §olar
power, - SROKriner, SRO Bé64-consulting services mﬂr the
implementation of engineering projects with that® f1rﬂ1§,;amd
partnership with solar energy projects. . m:':_ﬂ -; 4 4
MONTECHGMBH(Germany) and PIR(RF) - collabdrdtive"
design and manufacture of measuring equipment.

Practicing Engineer in the field of alternative e“ﬁergy, the
main direction - the practice and theory of “technical
devices in the generation of solar, thermal and “electrical
energy. Author of 3 books and 7 patents. Key specialties:
design and implementation of alternative energy plants,
electro-mechanical engineering, automation, power
generation, transportation and industrial energy, preparation

of business plans, CAD/CAE design.
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Oleg Olshansky

LLC Solar Technology
(http://solartechnologies.ru/), Russia

olar power plants as a key
energy resource

or public tfransport in

outh regions of Russia
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Solar Map for RF
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Current problems and solutions.

Environmental problems of urban transport - as a major factor
infroducing solar power.

Development of electric transport and energy supply from SPP
provided stability the growth of the cost of tickets for the urban
residents.

The use of existing networks of power to the trams, trolleybuses
without additional investment.

Construction of ecological power as SPP with optimal price to
reduce the cost of operating electric and stability prices of tickets.

Transport technologies based on electric transport and the
expansion of public transport facilities - electric buses and Electrical
cars as taxis.



The 32nd |[STC—Korea Workshop 2014

urpose of the project

= Create a pilot project for urban electric transport to address
environmental and cost problems with on basement of solar power
generation
S 7 7 7 e e
e 77 | | =
—_Z 7 7 7 gé B R =TS

EESEE
FEl i

EEETEEESEEESE T L,
J i i i

d zzEEEE

= 3 - i R

—




The 32nd |[STC—Korea Workshop 2014

Network Structure

= Energy generated by solar power plants can be used to cover
electricity demands and develop of modern city transport,
providing stable source of sustainable energy
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Technical means

= Scale solar power plant 20 MW.

= Solar Power Plant and the existing city electric networks for electric
vehicles.

= New economical electric buses and electric city cars as urban taxi
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The financial model

= The total cost of the design, construction and commissioning
= of 61.000.000 USD.
= The volume of electricity produced per year 51,100,000 kWh.

= Value of production of 1 KW. Hour, the power generated will be the
basis

= of 25 years of power per kilowatt in hour only 0.044 USD

= |In this case, the expected return on investment 7 years

= The total income from the operation of SPP can bring investors
= 194,400,000. USD.
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Eleciro Autobus SOR from CZ

WwWw.50r.cz
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German Electiro Car & Tesla model S
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TATA City Electro Bus
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Economical Zero Emissions Vehicle for




Dr. Belousova Inna.

Doctor of Physical and Mathematical Sciences, Professor,
Honored Science Worker of the Russian Federation,
Laureate of the State Prize of the USSR, Section head -
Chief scientific researcher of Nanophotonics Section of
«Vavilov State Optical Institute», JSC, Profe,ﬁspr of Laser
Optics Department of ITMO University. Sc1eﬂtiﬂ1,c' areas:
Laser Physics and  Technology, Nonhnear Dptlcs
Nanophotonics, Atomic and Molecular Spectrdscopyr 4 ﬂhe
author of over 250 scientific papers in the flqldﬁebf -fLase;r
Physics, Laser Photonics and Nanophotonies: :Hé’aﬁd “of
major works on state contracts, grants of the Russian
Foundation for Basic Research (RFBR)..Project supeérvisor of
the International Science and Technology Center.Dissertation
Board Member in Saint Petersburg State University, and
Dissertation Board Member and Member of
Science&Technology Council in «Vavilov State Optical
Institute», JSC, Scientific Secretary of Science&Technology
Council in S&R Institute of Laser Physics of «Vavilov State
Optical Institute», JSC. 15 candidates of physical and
mathematical sciences were trained wunder scientific
supervision of .M. Belousova. .M. Belousov is the Head

of Nanophotonics and Biophotonics Section at the

International Laser Optics Conference.






3HEPI'ETM‘-IECKAFI I'IA3EPHO OI'ITW-IECKAFI CMCTEMA :
KOCMM‘-IECKOI'O BA3I/1POBAHMFI HA OCHOBE CDYI'II'IEPEH-
"»KMCI'IOPO,D, MO,EI,HOI'O l'IA3EPA |

| TOCYZAPCTBEHHBIM OMTUYECKMI UHCTUTYT UM.C.M.BABW/IOBA




COJIHEYHAA SHEPTETUKA - 3TO OHO U3 INABHbIX
HAMPABNEHWA ANBTEPHATUBHOW 3HEPTETUKU XXI BEKA

CyuwecTByrowme HanpaBrieHUSA:

= COJIHEYHblIE TepMallbHbl€ YCTAHOBKU -

Or1s1 Hagpesa 800bI U 0bozpesa 30aHull
= COJIHEYHbIE DOTOINEKTPUYECKNE CUCTEMBI -

015 ripou3sodcmea ar1eKmpoaHepauu

logoBon 06beM MHBECTULIMA B TPAAULINMOHHYIO
COJTHEYHYIO QHEPreTUKY COCTaBNSAET OKOII0
38 munnunapaoB Aonnapos.

Bknap conHe4YHOW 3HEpPreTUKu B anbTepHATUBHYIO

3HEepreTuKy COCTaBIsieET B HacTosLee BpeMa 25%.

YcTaHOBreHHasi MOLWHOCTbL (POTOINEKTPUYECKNX

cuctem coctasnset 16 'BT.

HELOCTATKU TPAAULIMOHHbIX COTHEYHbIX SNIEKTPOCTAHLUIA

U

U

0

0

Tepputopumn ¢ cepbesHbIM
9HepreTMYecKum
NOTEHLWANOM PaCMNONOXKEHbI
OaNneKko oT notpebutenei

3aBMCUMMOCTb OT MOroAHbIX
ycnosui. 3HaumTebHble (40
60-90%) noTepu aHepruu
NpPW NPOXOXAEHUU
aTtmocdepbl

3HauuTeNbHblE NAOLWAAN,
3aHMMaEeMble COTHEYHbIMM
3/IEKTPOCTaHLMAMN B6ONbLLIOM
MOLLHOCTH

HeBo3MOXKHOCTb
NCroab30BaHUA B HOYHOE U
BeyepHee Bpems,
cHuxXarowana K cucremsl B
HECKO/IbKO pa3s




OHEPIETUYECKAA NNA3EPHO-ONTUYECKAA CUCTEMA KOCMUYECKOIO
BA3UPOBAHUA HA OCHOBE ®YINIEPEH-KUCITOPOA-MOOHOIO JIA3EPA.
FNMPUHUNTTNATIBHAA CXEMA.

N\OCMUYECKaA NTa3epHOo-onTu4yeckKkad CtaHUuUsA Ha ocHoBe POUVII1 Ha

U dLAVIORAdPDHOWVI OOV -

3epkarnbHbli KOCMUYECKUIA KOHLIEHTPATOP COMHEYHON SHEPTUN
nnowanbto 2.6 Km?

dynnepeH-kncnopog-nogHeii nasep (POUIT) ¢ npamMon ConHEYHON HaKkadKom
MoOLLHOCTbIO 1 BT

JlazepHo-onTunyeckas agantMeHasa cuctema opMUpoOBaHNS YIIOBOW
pacxogumocTtu Ao 1077 pag n ceepxTtodHoro HaeeaeHus (108 pang) Ha 3emnto

NaszepHoe nany4yenume 1,315 Mkm, —»
nepepatollee 3Hepruo
C op6GuTbI Ha 3eMnio

Cuctema ynpaBrneHUsi U KOHTpons

3HepreTqucxaﬂ Ha3éMHaA CTaHUuA npuéma n npeo6pasoBava

Na3epHOoro siy4ya B 3NNIEKTPUYECKYHO 3Heprmro



XUMUYECKNN KUCNOPOA-NOAOHbIN NA3EP, UCMNONb3YEMbIN B
BOEHHbLIX CUCTEMAX CLWUA, HE MOXET BbITb NMPUMEHEH 0114

OPBUTAJIbHbIX ANEKTPOCTAHLUN

MpuHUMN AencTBUA:

NAMNAATL AavrTUADLUNI
WL IAVI D AN FILDTINVF
Ir nasepHou cpefibl
O6pa3oBaHMe CUHINETHOro KUCA0poaa B 2 \
XMMUYECKO peaKkuumn |
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reHepaTop 1 Ah,_ KAunmaumraTan ' peare HTOB
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YcuneHue I cMeLlsHuga J_
— KoM |
feHepaums H;0; n3ny

Hepocratku:

= OTCYTCTBME 3aMKHYTOrO LIMKA, PAacX0oA XMMUYECKUX peareHToB, KOPOTKUiA LKA paboTbl.

= [noxaa aKoaorusa npu NPomMbiLLIEHHOM NpumeHeHUn (06bemHble uuctepHbl ana Cl,)

= HeBO3MOXHOCTb KOCMUYECKOro 6a3npoBaHUM }KUAKOCTHbIX CUCTEM B HEBECOMOCTM.

= HeBO3MOXHOCTb HeNnocpeACcTBEHHOro npeobpasoBaHua CoNHEeYHOU SHEePrumn B Na3epPHbIN Nyu.




HOBbIN NMPOEKT CO30AHUA OPBUTAJIbHOW ANEKTPOCTAHLUN

3to HOBAA WOEOJIOINA, ocHoBaHHasA Ha NPUMEHEeHUU NPAMON ONTUYECKOU, B TOM
yucre, CONMHeYHON, HakKadku. [ina e€é peanusauuu BnepsBble npeanoxeH dynnepeH-

Kucrnopoa-noaHbin nasep (POUI).

LLUNPOKMUM CNEeKTPOM nornoweHmnsa CornHe4YHoro naryvyeHunA
= CDynnepeH — 3TO MHOIroatoOMHblE€ MOJIEKYIIbI, COCTOALLNE N3

aToOMOB yrrnepopaa
= OTKpbITME dhynniepeHa oTmedeHo HobeneBckon npemMuen

1996 roga (Kpoto, Cmonnu, Kepn).

JlazepHoe u3nyuyenue
OCYILIECTBIIAETCS Ha
repexoe aroma noua

T
o =
= I —
; i ' M Ny O 2) — /\ QUZ CHHIIETHBIH
= = B, Sage- O KHCIIOPOA
o ~ - BO30YKIaeT
6 - b ChHIMJIETHDbIN aToOMBI Moza
ConHeuHoe U3TyYeHue DHeprus Bo30yxaeHus (yuiepeHa
C IUIOTHOCTBIO MOTOKA MepeaaeTcss MOJIEKYJIaM KHUCJIOpOoa — [ ]
1.3 xB1/M? noromaercst o0pa3yeTcsi CHHIIIETHBIN KHCIOPOT
MoJieKyJIamMu QyrepeHa D¢ dextuBHOCTH MpeobdpazoBanus 96 % wy W
s hv x =
J 5=
= YHUKaNbHOCTb mnoenm coCcTtonTt B NCMNOJIb3OBAHUN o g > 2
dynnepeHa - HoBoro matepuana, obnagatoLero o4YeHb Won / Et ,';_; I
s <




KWHETUYECKAS CXEMA ®YNNEPEH-KUCITOPOO-MOOHOIO
NASEPA

dunasnyeckasn adppekTnBHocTb= 40%

C Cr6CisC
C yueTom 3(pdPEeKTUBHOCTU NOIMOLLEHNS o0 Cr0Crs Crs Cis

conHe4vHom aHeprum ~ 30%

Absolutely black body
emission T =5785 K

1| E, eV
Vv, cm
20000 1
16000 4 2 & 300 400 600 800  1000AnM
- CneKTp U3ny4eHus conHua
- CnekTp nornoLleHns dynnepeHos
12000 & p L cynnep
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8000 - 2P
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AD ('A,0,)=0.96+0.04 (A= 532 1m)




HOBbI NMPOEKT CO30AHUA OPBUTAJIbHOW ANEKTPOCTAHLUN

MNpenmywecria:

= [IpamMas conHe4yHasi Hakadka no3BONsIET UCMONb30BaTb
3HauYuTenNbHYH YacTb aHeprun ConHua. Beligarowasca
9P EKTUBHOCTb Npeobpa3oBaHUsS CONHEYHOWN
9HEeprmn B nasepHbIn Ny4

= Jlasep 3aMKHYTOro LiKKIa — HET pacxoda peareHToB Ha
opbute

= HenpepbIBHbIN, HEOrPAHUYEHHbIN LMK paboThl

= JKonormyecku besonacHasa JocTaBka 3HEPrMM Ha

3emnio — B OTNMYME OT aMepPUKaHCKOro U SMOHCKOro
NMPOEKTOB

Meseparop |
CHHITIETHOMQ) i

kWcnopoaa

1‘#5‘02

OBnacTe aKTMBHON
nasepHoi cpeas

Fa3oBbLIA
cenaparop

Co3paHue KMCHOpOA-ﬁOAHOI’O Na3epa C peakTopom CUHINETHOro Kucaopoaa Ha ocHoBse d)yl'IHEPEHOB

ABNAETCA NPUHLUNNANIBHO HOBbIM B /1a3ePHOMN TEXHUKE NPUMEHUTE/NIbHO K NpAMOMY
npeobpa3oBaHUIO CONTHEYHOW IHEPrUM B Na3epHOe U3nyyeHue

Pa3paboTka 3awmueHa naTeHToM.

MateHT P® NHcTuTyTa JlazepHon msmkm MO nm.C.MN.Basmnosa Ne 2181224 ot 20.06.2000 r.
Cnoco6 nony4veHnst reHepaumm CTUMYNMPOBAHHOIO U3My4YeHMs Ha aTomax noaa

AsTtopbl: A.A. Mak, O.b. lanunos, .M. benoycosa.




KOMMOHEHTbLI OPBEUTATbHOWM SHEPTETUYECKOW CUCTEMBbI:

NASEPHO-ONTUYECKAA CACTEMA ®OKYCUPOBKU U

CBEPXTOYHOIO HABEOEHUA NASEPHOI O JTYHA

Mem6paHHOe 3epKkano hopmupyeT U3obpaxeHue ¢ UCKaKeHUsIMU, KOTopble HeobxoaMMOo

KOppeKTupoBaTtb.

Cneuunanucrtamu NocyaapcreeHHoro Ontuyeckoro UHctutyta um.C..BaBunoBa nasepHoun pmsnku
pa3paboTtaHa co6¢cTBEHHAA TEXHONOINS HEJIMHEMHO-ONTUYECKON KOPPEKL UM N300paKeHns npu
NOMOLUU JIMHEMHOMN afanNnTUBHOMN CUCTEMbI U HENMMHENHO-ONMTUYECKOro UCKaXXeHUs1 BONTHOBOIO

¢poHTa

Onsa npoBepku 3achheKTUBHOCTU HOBOU POCCUUCKOWN TEXHOSOIMMM ObINKM NpoBeAeHbl UCMNbITaHUA
Terieckona ¢ MeMmopaHHbIM 3epKariomM ¢ HeNTMHENHO-OMTUYECKOM KoppeKuuen nsobpaxeHus

Mapamertpbl

= MembpaHHOe raBHOe 3epKano
anametpom 300 mm

MaTtepuan nn1eHKU — NaBCaH TONLWMUHOMN
20 mKm,

F- number (F/D) -6,

MNepenap aasnexnii 2.5:10-4 MNa,
PacueTHoe KauyectBo 60.8 = 100 Adif
JKcnepumeHTaNIbHO AOCTUTHYTOE
KauecTBo 3epKana 00.8 = 125 Odif
HauMmeHbLluan cobcTBeHHAA YacToTa
Koneb6anun 30 Ny,

443 &

4

Pe3ynisraThl
UckaxeHHoe CKoppeKkTupoBaHHoOe
n3obpaxeHue n3obpaxeHue




KOMMOHEHTbI OPEUTANbHOWM SHEPTETUYECKOW CUCTEMBbI:

HA3EMHAA CTAHUUA NMPUEMA U NMPEOBPA3SOBAHUA
NNASEPHOI'O JTYYA B 3NEKTPUYECKYHIO SHEPIUIO

lNpeaHasHa4vyeHa AnAa reHepaLuun NEKTPOIHEepPrum N nepegayvm eé ceTeBbiM KOMMNaHUAM
OnAa ganbHevwen npoaaxn gomMosragensuam n usHecy.

OCHOBHOW BapUaHT:

= [MpeobpasoBaHne NnasepHOro U3nyy4eHuns
doTOBOMBTANYECKON CUCTEMOWN HA OCHOBE rETEPOCTPYKTYP
Ha 6a3e GaSb.

= KBaHTOBad apdPEeKTUBHOCTb Ha ANMHE BOSHbI A = 1.315 MKM
cocTaenset 90 % '

= [lepcnektmuBHbln KM 6onee 70 %

= YpenbHaa mowHocTb 100 Bt/cm2

= Pa3mep npneMHon aHTeHHbI J 40 m

'emepocmpykmypbl Ha ocHoge GaSh, umetowjue 8bICOKYIO
aghghekmusHocmb ripeobpasoeaHusi CONTHEYHOU dHepauu,
akmueHo paspabameiearomcsi Hay4YHO-MexXHO102Uu4eCKUM
Korrnekmugom rnod pykosodcmeom XK.N.Arncpepoea.

MepcneKTUBHLIM BapuUaHT:

[MpusemneHune nasepHoro riy4a B pesepByap C BOAOW C
NpsiMbIM NOMNy4YeHeM BOAOPOAA U €ro UCMOorb30BaHWs B
BOOPOLAHOWN SHEepreTuke.




KOMMOHEHTbI OPBUTANBHOM SHEPITETUYECKOW CUCTEMbI:
®OUN C HAKAYKOM KCEHOHOBOW NTAMIMbI

Evacuation
1 1 Filling O5, CsF+I
M

Detector [‘i I &\ -l
A HN\N :

Laser
Radiation

Fullerene Coating
(Sorbent of Molecular Oxygen)

AHeprua reHepauuun 1.8 [IXx. YaenbHaa aHeprusa ~ 5 Ox/n,
MoLHOCTb ~ 45 KBT
®dusnyeckan acpdekTuBHocTb ~ 1+2 %




KOMMOHEHTbI OPBEUTAITbHOWM SHEPTETUYECKOW CUCTEMBbI:

®YNNEPEH-KUCNOPOO-NOOHBLIU NA3EP C NPAMOWU CONTHEYHOW
HAKAYKOW

JKcnepuMeHTarnbHbIN CTeHA ¢ pynrepeH-KUCnopoa-uoaHbLIM fla3epom ¢
HaKa4Ko UMUTATOPOM COJTHEYHOrO U3Ny4YeHuUs

[MapameTpsbl:
= [lukosasi mowHocTb — 40 kBT;

= CpeaHas MOLHOCTb U3MNy4YeHns —
30 BrT;

= YacTtoTta NnoBTOPEHNSA UMMNYIbCOB —
10 Mu;

= Pabouunn umkn — 30 cek.

= bnwxanwas nepcnektmesa — nasep ¢
nUKoBown MoLHocTbio 1 MBT 1 co
cpefHen MOLLHOCTbK HECKOSTbKO
KMI1OBaTT.

= Jlaszepbl KNNOBATTHOMO YPOBHS
NMET XOPOLLNE PbIHOYHbIE
NepcrneKkTUBbI AN MPOMbILLNIEHHOIO
NPUMEHEHUS PasnuUYHbIX oGnacTax.




KOMMOHEHTbI OPEUTA/IBHOWM SHEPTETUYECKOW CUCTEMDbI:
MOAEJIb TEHEPATOPA CUHITIETHOIO KUCNNOPOOA HA BA3E
OYNNEPEHOBOWU MEMBPAHDI

P=0.15 Bt/cm?

Irradiation =) T
'rﬁm"ﬁ' e

Xe DR AR R A

> -

it ,a

to the laser chamber

L’vt -h M

Fullerene coating

Porous membrane

[eHepaToOp CHMHrNeTHOro Kucrnopoaa ¢ NOTOKOM Kucrnopoga 4yepes
NOPUCTYHO MeMOpaHy Npu HernpepbIBHOM 00fTy4eHUU NOBEPXHOCTU
MeMOpaHbl cBeTOAMOAAMM.




KOMMOHEHTbI OPEUTATbHOWM SHEPTETUYECKOW CUCTEMBbI:

®YNNEPEH-KUCNOPOA-NOAOHbIN NTA3EP C NMPAMON CONNTHEYHOW
HAKAYKOM

UccnepoBaTenbCKUM rasep ¢ oNnTU4ECKOMn
HaKa4Ykou UMUTATOPOM COJTHEYHOIO U3NTYyYEeHUA
(cBeTOoguopHas matpuua)

Nasep c npsAsMou CoNHeYHOU HaKavykon Ans
op6uTanbLHON 3NEKTPOCTaHLUU U
AEeMOHCTPAaLMNOHHOro 3KCNepuMeHTa

NA3EPHOE
U3NYYEHME

CaeToanogHas matpuua
C (hOKyCMpYHLLEA CUCTEMON

[a30BbIi
cenaparop

BxonHoe okHO

®ynnepeH Ha

Cuctema oxnaxaeHuns

rasoBoro noToka OBnacTb reHepauuu

Na3epHOro uanyyeHua

3epkano

CcTema pesoHaTopa

LUpKynaunm rasa

Cuctema nuH3
®peHens \

NA3EPHOE
U3INYYEHUE

[a3oBbIf
cenaparop

BX0HOE OKHO __

dynnepeH Ha
NOPUCTON NOANOXKE z‘w

Cuctema oxnaxoeHnus
ra3oBoro NoToka

ObnacTb reHepauum
Na3epHOro M3ny4eHns

3epkano

Cucrema pe3oHaTopa

LMPKYNALMK rasa

MowHocmb — 2-3 KBm

MowHocmb — 1 Bm




OHEPIETUYECKAA NA3EPHO-ONTUYECKAA CUCTEMA KOCMUYECKOIO
BA3UPOBAHUA HA OCHOBE ®YINIEPEH-KUCITOPOA-MOOHOIO JIA3EPA.
[MPUHLNTTNATIBHAA CXEMA.

CocTtaB opOUTaNbLHON Na3epHON 3HEPreTM4eCKom CUCTEMbI :

OpbuTanbHbin ynnepeH-KUCOpPOa-NOaHbIN
nasep (POUI) mowHocTbo 1 BT,

pa3mMmellaeMblii Ha reocTaunoHapHomn opburte op6uTani bl .
o thynnepeH-kucnopoi uo&u =
BbicoTOM ~36 000 KM nasep v ™

Y. Haaemuaﬂ

3epkarbHbIii KOCMUYECKUIN KOHLEHTpaTOpP o \3\5 s
COMTHEYHOW SHEPTUM NIIEHOYHOIO TUNa e € T
» cbouycupyloman T

CyMMapHOW nriowaabto 2,56 KB.KM S ‘l
JlazepHo-onTnyeckas aganTtMBHasi cuctema F
dopmurpoBaHnNS YrrioBon pacxoguMocTu 4O \}%\
10" pagmnaH N CBEPXTOYHOrO HaBedeHUs Ha &
3emnto (108 paguaH) )
JOHepreTnyeckasl HazeMHas cTaHumsa npmemMa ]

3epKanbHBIEIKDHLIEHTPATOPBI
CONHEeYHOM JHEepruum

1 Npeobpa3oBaHUsA NasepHoro rnyya B
ANEeKTPUYECKYIO SHEPTUIO

KINQ npeobpa3oBaHUA CONIHEYHOW 3HEpPrun B nasepHbin nyd — 30%
KINO npeobpa3oBaHUA fa3epHOro U3ny4v4eHus B 3NeKTPUYECKyro aHepruto > 70%



Dr. Mikhail Berezkin.

Moscow State University named after M.Lomonosov,

Professor.

In 1992 he graduated from the Lomonosov Moscow State
University, Department of Geography. Since 1993 he has
been working in the Renewable Energy Research
Laboratory, Faculty of Geography, Lomonosov - I‘Mosc:ow
State University. In 2003 he received PhD (gedgf;aphy)
Since 2004, the senior researcher. In 2008 - l}é <Was

‘h""h

appointed deputy head of the Laboratory for Resqar,c*h
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1930 1970 2010 2050

Source: Bushuyev V.V. World Energy: Philosophy, Fixer, Forsyth, 2011
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Global energy balance (%), 2013
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Global energy balance (%), 2030est.
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ies of the “Triad" -
merica and developed
Asia, which produces half
of the world’'s GDP.

el of funding USA, Japan and
or 68% of total expenditure on the
enewable energy in the world. In the
novation, diffusion manufacturing base
e periphery countries.

mber countries of the Organization for Economic
operation and Development (OECD), together with
azil, India and China stand for 80% of commercial
electricity and 77% of heat in global total use of
renewable energy sources, as well as 99% renewable
transport fuel.



ovative "Center" (“"Triad") - North America (1) Western Europe (2) and Japan (3), which accounted for
5 of total expenditure on renewable energy in the world.

"Semi-Periphery" - China, India, Brazil, which together with the "Triad" of global accounts for three quarters

of installed capacity of renewable energy.

"Semi-Periphery” with a share of renewable energy in the energy balance of more than 2% of biomass
burned and less than 10%.

"Semi-Periphery” with a share of biomass burned in the energy balance 10-30%.

X k% %

% k% %

"Periphery” with the share of primary biomass in the energy balance 10-30% share of renewable energy or
less than 1% or fraction of primary biomass in the energy balance 30-70%.

"Dazp-Pariphery” with the share of primary biomass in the energy more than 70%.
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GLOBAL NEW INVESTMENT IN RENEWABLE ENERGY BY ASSET CLASS, 2004-2013, $SBN

Growth:

63% 54% 47% 17% -2% 35% 23% -11% -14%
| 1l 1 11 1 11 11 11 1 1

279

“ Corporate R&D

" Government R&D
=VC/PE

® Public markets

“ Small distributed capacity
H Asset finance*

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Source: GLOBAL TRENDS IN RENEWABLE ENERGY INVESTMENT 2014.Bloomberg New Energy Finance.
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[Boaes > $100 thou p.c. [ $50-100 thou p.c. [ $10-50 thou p.c. [ ]$5-10 thou p.c. [~ . . ] <$5 thou p.c.
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Decentralised power
-< 1 kW p.c. - 1-2 kW p-C. -2'3 kWp-C- - >3 kW p.c. supply regions
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, Lenin Hills,
epartment of Geography,

Laboratory

Renewable Sources Energy

Tel: +7 (495) 939-42-57, +7 (495) 939-31-00
Fax: +7 (495) 932-88-36, 939-41-63
E-mail: rsemsu@mail.ru



Dr. Samarsky Dmitry.

Kuban State University, Krasnodar

Dmitry Samarsky is of 1985 year of birth. Graduated
University of Physical Culture, Sports and Tourism in
Krasnodar.

Doctor degree in Physiology (2011). Founder and a head of
the Business Incubator at the Kuban State Uuﬁffrsit,}] since
2011. I\,

The scope of activity is a commercialization of sment1f1c
developments in the field of physical culture, spe‘r?% sand

] 'x"*“"‘
sport medicine. . -l

Commercial director at the Photochem Electrom.chs:Cb:;;?tgl
Russia.

He has authored more than 27 research articles and
conference proceeding, 7 patents in the field of biomedical
engineering and nanotechnology. His research interests are
mainly focused on the nanotechnology in power sources

and biomedical applications.
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@ Reduce the cost of solar cells
based on perovskites at fully
printed production

Photochem Electronics LLC

By Lopatin Dmitry, PhD, CEO

¢ ¥

A
]
k| ,,-I
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Reduction in price: roll-to roll coating

Prepare solvent of Dispersion on
nanoparticles drops size

smallest 100 nm
In ultrasonic and
electric field

B - Uttrasonic Spray Coated Layers
B - Ultrasonic Spray Pyrolysis Deposited Layers




Solar panels for use in construction and charging

of mobile devices

-

* ‘ s Advantages:
* Price 0.35S$ /W
* Ability to change

_ shape, lightness,
' s, thinness, strength

cloudy Autumn
6 Krasnodar day then

other technologies ° H ig h effi C i en Cy at

(kw/m?)

diffuse, oblique
light

_m * Max efficiency
~—Amorphous Silicon 14%

Solar Irradiance
o
Normalized Energy (watt hours)

3 £
§og

g ¢
ER]
Q.

CIGS
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The International Energy Prize

Technology and Application Center
PV Lab

Newport Calibration Cert. # 0805

(ACCREDITED)
Calibration Cert. # 2893.01

Calibration Conducted For:

Photochem Electronics Co. Ltd.
350051, Solnechnaya, 6
Krasnodar, Russia

Calibration Conducted By:
Newport Corporation
TAC - PV Lab
1791 Deere Ave.
Irvine, CA 92606

IV Curve Newport Cal Cert #0805

Jic 21.3mAcm*
V, 1.00V

FF 0.66

PCE 14.1%

05 [
Voltage (V)
Efficency [%] V_oc[V] 1.0071 _+ 0.0100 | I sc[A] 0.00446 &  0.00008
P_max [mW] V_max [V] 0.7763 + 0.0077 | 1_max [A] 0.00381 _+  0.00007
FF [%] Area [em”2] 02090 + 0.0004 | M 0996 =+ 0.001

Cal Cert V1.6 Issuc Date: May 01,2013 | Page 1 of 2
Reviewed and Approved by: Matthew O'Donnell |

Hekommepueckoe napTHepPCTBO MO Pa3BUTUIO MEXAYHAPOAHbLIX UCCNefoBaHUIA U MPOEKTOB B 06MacTu aHepreTukun «FnobanbHasi IHeprusa»
107031 MockBa, Ky3Heukui mocT, 3 cTp. 2, Ten.: +7 495 739-54-35, ®akc: +7 495 692-19-83 www.globalenergyprize.org; info@ge-prize.org
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SR comparison efficiency on one day
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Bill of materials

what to need for 1 sqr meter of solar cell

Weight., mg wholesale price retail price material/source
USD USD
20000 3 5 Metal surface,
encapsulate
0.15 2 5 Perovskite
(sintered)
0.1 2 5 Fluorine tin oxide
+ titanium dioxide
0.05 4 10 Graphene (option)
AkkolLab (Russia)
0.05 6 20 Hole transtpot
material (Borun
Chemical, China)
Merck, Germany)
- 3 3 Energy cost
- 2 12 Labor cost
22 (18) 50 Summary




(GW)

70 |
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10
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= North America

WSS Europe

= Asia Pacific

—— Latin America
Middle East

m Africa

- Total Revenue
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Market

+

+

® 1 First Solar
= 2 JA Solar
® 3 Suntech
" 4= Yingli
4% ® 4= Trina

49, » 6 Motech

» 7 Gintech

7%

S )
L 40:0 8 Neo Solar Power
3% 9 Canadian Solar
3%
10 SunPower

2% = Other Tier 1
= Tier 2

Tier 3

88 RS

2015 2017 2018 2019 2020

{Source. Navigant Research)

Market Size: 1 MW ~ 0.5-1 min $,
Size in 2014 - 40 GW, 80 bIn. $

* India market - 10 bin.

We plan to take a10% ~ 1 bln $

($ Billions)



Efiiciency, %

Dependence of efficiency and prices various manufacturers
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Bgsmess mﬁodel

Technology licensing Own manufacturing

*Equipment for solar producers  Tourists, gadget charge
- reducing employment
expenses

*Franchise - small factories
Instead of large solar plants in
the greatest demand

« Payback period for consumers. In
the U.S., the average family pays about
1500 - 3000 $ for electricity a year, so
that the solar panel on the roof will pay
for itself in 1-2 years




Andrey
Kondaurov,
Invest director

Samarsky Dmitry,
Executive officer

Sergey Dychey,

Russian Embassy

Lopatin Dmitry

Inventor, founder

Baranov
Oleg,

Tech header

Korzhova

Elizaveta
Chemistry




E-mail: dimitrylsm@_gmail.com,
Tel.: +7-908-678-15-48, +7(86135)-411-77

WWWw.wiraenergy.ru
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How to produce light absorber

H H
\ (STEPI)
NCH 4 H— ——> CH;NH;l
H H low temp
= (STEP11)
) @)
N N\ | CH, NH,PbI,
CH3NH,| Pbl, Pbl,

TiO,

PCDTBT

=5.1
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Global jEnergy

The International Energy Prize I n v e rS e St ru ct u re

ITO NiOy  NiOpc CH3NH3Pblz PCBM BCP Al

HekoMmepyeckoe napTHepPCTBO MO pa3BUTUIO MeXAYHapPOAHbIX UCCNeAoBaHWA U NPOEKTOB B o6nacTu aHepreTuku «FnobanbHas aHeprusa»
107031 MockBa, Ky3HeLkui mocT, 3 cTp. 2, Ten.: +7 495 739-54-35, ®akc: +7 495 692-19-83 www.globalenergyprize.org; info@ge-prize.org

15



120%

1200

1000

600 800
JdHepreTuueckasn obayyeHHocTb, Bt/ m2

- 8
~
- e
m R R R R R
o o o o o
w 0 0 < ~N

ULIOHIMOW MOSONKU 10 BuoYf




FTO
(Transparent electrode)
4N

Plastic

Hybrid solar cells

* Perovskite CH;NH,PbI Cl, .

CTPYKTYypa :
O  Ag(anode)/
 deped spiro-OMe-TAD(hole

layer conductor )/
 CH3NH3PbICI2 (330

nm)(absorber)/
« TiO2(n-semiconductor)/
* FTO(catode)/.
* Max efficiency 15%




The structure Comparison with
of the cell standard techniques

b Solution-processed

WS

CH,NH,PbX,

Ag
Spiro-OMeTAD

Perovskite
Compact TiO,

FTO

* Heterojunction
TiO2/perovskit, efficiency up
to 15%



Process of causing perovskites of
different solvents




Al

PbSe

- g MeHTaueH
ol

- |TO

Q

A
Fission (-l-) C;\

T

Pentacene
2 e /photon

Q

PbS
1 e /photon

Heterojunction
organic chalcogenide
semiconductor.
Chalcogenide as
guantum dots
(nanoparticles of 5-20
nm, are united in the
agglomerates of 500-
700 nm) - give the
effect of multi-exciton
generation
Nano-antenna - a
promising direction



PERCENT OF DROPS BELOW GIVEN DIAMETER [F(D,)]
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ofkEm phiHka Mpg §

Membranes & electrodes market

B (MSpaHHLE K 'MallMHbEl B NopTaTUBHaA INeKTpoHWKa
40

IIpocHoz
(CKpPOMHBIL *)

33

30

25 PLiHOK nepes3apAaXaeMbiX
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20

13
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19921994 1996 1998 20002002 2004 2006 2008 201020122014 20162018 2020
1991 1993 19931997 19992001 2003 20,5 2007 200920112013 2015320172019

12%

Market of membranes

Snesmsios oe. In 2009 in Russia exceeded 920
it thousand square meters. min
kind, or $ 23 million

cMECEN

in 2012 its global volume
amounted to about 16 million m

17%

22



Finans model

* Received grants from RFBR

Bortnik Fund, Global B sales
Energy.

W expenses

 Agreement with RUSNANO invest
the use of infrastructure N

* Experimental batch given
to the Ministry of Defense
of the Russian Federation I

|
|
2013 24 205 26

« 30 m. meters per day capacity
-1500
« 10 rubles. per watt, 150 W m.
meter T2om] -15000
« Profit of 15 million after production =000
and sales of 4000 m. meters for 14
months

-16000




Competitors: technology leaders

¢ nanosolar
1} * (USA, CA)-CIGS, 1.5 $/W, 16 %

"—?twincr}gcl-;\ks * Twin Creeks (US) — low cost
et technologies . . .y
I fabrication 0.4 $, silicon

* G24 Inno (UK) — organic Gratcel cell,
7-11%, flexible

« Konarka Technologies, Inc., MA, US -
polymer 3-7%, 2$/W (bankruptcy)

Printed electronics:

 Plextronics (USA, ME) — high precision
printing

* Genes’lnk (FR ) — good uniformity of the
conductivity of ink



http://en.wikipedia.org/wiki/Konarka_Technologies,_Inc.
http://en.wikipedia.org/wiki/Konarka_Technologies,_Inc.
http://en.wikipedia.org/wiki/Konarka_Technologies,_Inc.

Inkjet technology ink with nanoparticles
Nanosolar Inc. (US6936761)
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Twin creeks Tech (US, CA)

very thin film silicon by ion implantation

.A.

Non printing, but very low cost technology: 0.4 S/Wt



Cost evolution of Chinese silicon solar cells  PricesDim

Average cost for Chinese
solar-panel exports to Europe

A"-in MOdUIe COSt InCIUding, vertica"y Integrated €2.5 per Watt oo
Fab, China Best-in-Class, Q4 2009-Q4 2015E

55
$1.40 $1.29 5 e
PER WATT
$1.20
$1.06
2009 ‘10 11 '12% "13%
$ 1.00 s 0.90 “For the 12 months ending in July
7 Asof July €1 =$1.29
Source: European Commission
$0.80 logistics and labor expenses
$0.59
$0.60
$0.48 30.47
5040 .
$0.20
$0.00
2009 2010 201 2012E 2013E 2014E 2015E

®Silicon ®ingotWafer * Cell ®Module ¢ Alkin Cost

Printable technologies can compete with cheap labor




Non-pollution

Ordinary amorphous silicon solar cells

. EVA/Tedlar®
pro duction Lead solder,
BFRs,
Chromium
heat Hydrogen, doping gases  Solvents, etchants
—  Silica {
A
HCI ;
—p a-Si
pv cell

methane

Silicon
tetrachloride

v

Solid waste

Solvents,
Etchant waste

.

ate.

Waste hydrogen

smelter

air

dump

water

We can be use earth-abundant non-toxic reagent

with recycling solvents
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Theme 3.

Management of
Bio-resources in the
Era of Climate Change
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Dr. Inom Normatov.

Dr. of Sci. Normatov Inom Sherovich of 1958 year of birth.
Corresponding Member of Academy -of Sciences of the
Republic of Tajikistan (2004), Doctor of Chemistry (1993),
professor (1996). Winner of the Award of Lenin Komsomol
(1990). For the period 2002-2009 Director of thq Instycute of
Water problems, Hydropower and Ecology of the“ s&éademy
of Sciences of the Republic of Tajikistan, Head @f the
Department of Meteorology and Climatology of theﬂ' rqﬂ?*a;-lk
National University. Sub-Manager of the Jr&tefpatlonal
EUROPEAN  Commission  6™FP Project "‘}\AY.I;‘HTN
(2006-2009).

Manager  of the Project Volkswagen Fund "lmpact of
transition processes on environmental risk assessment and
risk management strategies in Central Asian TransEoundary
Basin" (2007-2010), USAID-University of Colorado Project
"Contribution to High Asia Runoff from Ice and Snow"
(2013-2016), Manager of the ISTC Project T - 2109
(2014-2017).









The 32nd ISTC—Korea Workshop 2014

Total stocks of mineral fuel of the
Central Asian Region

(Mln t):
natural gas - 3419.5
o1l - 1156.4

coal -3873.4
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Power supply systems of the Republic of Uzbekistan

UZBEKENERGO
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The 324 [STC—Korea Workshop 2014
y systems of the Republic of Kazakhstan

f Kazakhstan on heat and energy development are satisfied on 85%
g of coal. Average efficiency of power stations in Kazakhstan, burning
makes 30-32 % whereas, according to a technical substantiation, this
indicator makes 42 - 53 %.

ential of reduction of emissions CO, in the project on transition to other
kind of fuel makes about 40 %,without increase in efficiency of use of
superfluous energy in these projects.
power sector of Kazakhstan, transition to other kind of
dicator of 37 Min. t CO, equivalents per

ed from renewed energy
Report i1s note that from 90
he general power output of all
possible restoration of old hydroelectric
ates large Hydropower system by capacity of

- 450 MWt.

L ——N—
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stems of the Republic of

Kirgizstan

emissions of CO, gas in the Kirgizstan were considerable
Min. t. The largest source of emissions of carbonic gas
ower sector, also cargo and passenger motor transport

N Program for economic of Central Asia and
lonal and the effective utilization of power
irghiz Republic» up to 2020

clectro- and heat energy on

e of coals of the
pility of building
apacity 800 MWt
ote Increase in emissions of

e gases 1n atmosphere
e N —

>0 rding 1o
OSTIC I
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Power supply systems of the Republic of Tajikistan

"..

| Stocks of coal 670 Min. t (40 fields)
"“t zgductlon 20-25 Th. t
tock a e 5.4 MIln. t#5
-‘ Ol St S
na D -
Strategy of somal and.’ economic development of Tajikistan

pr0V1des ihcrease t0 2015
coal-miming 600-800 Th. t

Oil.production. 100-300 Th t
Production.of natural gas .~ 300-500 Mln.m’

&

Takmg mto account growm&peeds for energy, at a-share of . i
coal fuell more than 50% m thesgenerdl power consumption, ™ , =

emission’sf" CO by ZQJS%’ahA Chedse.to'30 Min. t.
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If the zone of influence of one £
HPS will be limited by distance | -
throughout which cost of power 50[){/ TION '2
transfer by construction of the & PR BLEM
ETL will be cheaper than a i
construction of new HPS on the -

end of the ETL

Viathema lca”%LLCan—be—.

written as.




g

T g N
SIp 1 JSUE) g




Ecology-
economical Index

etficiency of HPS

Annual for HPS
with
ground less

th. ha

area of

100

On capacity

references to the

area for building
HPS
(MWt / ha)

0. 123

On power output
references to the

area for building
HPS,
(TWt / ha)

0.406




Estimation efficrén@now current Nurek HPS and planed
in the near future forpuilding of Rogun HPS with
reservoirs

On capacity references On power output
.to the area for building | referenccs'o the arca

of HPS for building of HPS,
( MWt /'ha’) (TWt/ha)

Annual for HPS with ~

Ecology-economical
Index efficiency of

HPS

area of ground less —=0:-123 _____0.406
100.th. ha - . SR

Bratsk HPS e - 23 _ 0.04'1-'
Charvak HPS | 0.436

Toktogul HPS 0.128
Nurek HPS 0.522
Rogun HPS 0.782




The 32nd ISTC—Korea Workshop 2014

THE ENVIRONMENTAL PROBLEMS AND
ECOLOGICAL ASPECT OF HYDROGEN
TECHNOLOGY

Work of any internal combustion engine depends
on the engine type, kind of fuel, working condition
| mode and products of combustion, the following
| structure is formed ( % vol.) :

CO s
* Eg2 10
Hepfealip
Q5:05 =5
N,:69 — 79

Use of hydrogen as an energy carrier allows
considering and solving power problems, those
related with ecological problems as well
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PRODUCTION OF HYDROGEN BY
ELECTROLYSIS OF WATER

2 -.';.',‘

_ Electrolysis of water is one of the most

MAKCHMYM

'”= SR e T
b= o o —



At thermo-neutral voltage 148V for production of 1 m° H,
about 3.54 kWt-h electropoweris consumed. I'he real
expense of the electric power on modern electrolysesimakes up
t0 5.5 kWt-h on 1 m3 H,

?..—-

At-alarge factory, electrolysis of wateswith ea-pa-'é]_ty of 450
“tons per day, and its<expEhse Eﬁ ﬁe*&g'c'ﬁﬂtzﬁ)lver omFm3
hydrogen can be fig Y. capacity of up to-4 —4.5 RWt-h:

_———







Normatov I.Sh.

Normatov I.Sh.

Normatov I.Sh.

Normatov I.Sh.

Normatov I.Sh.
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Dr. Anuar Zhukeshov.

Professor, Department of Physics and Technology, Kazakh
National University named after a_l-Farabi, Kazakhstan.
Website: http://kaznu.kz

Birth in 1967 year. Doctor of Physics and\ bmathgmatlcs
(2010), associated professor (2007), PhD (2003). @tg&ﬁate of

the Saint- Petersburg University (1994). ,.r
From 2004 head of the pulsed plasma scientific¢ la-b(ilga,tqr
= )

of Experimental and theoretical physics -{nsllf‘ute of
Kazakh  National University —named  after - alfﬁgrabl
Manager  of several Projects on plasma physics and
material plasma treatment technology areas (2004}2014)

Author of 2 monographs and more than 100 *scientific
articles. The main directions of research and applled works
are plasma physics and plasma devices, thermonuclear
reactors, material sciences and nanotechnology, electronics,

electric power and alternative energy.
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Kazakh National University named after al-Farabi
Almaty, Kazakhstan

Climate change in the south-east of Kazakhstan and perspectives of alternative
energy in the region

prof. Anuar Zhukeshov
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. o1 02 03 o4

Rising temperatures in Kazakhstan in winter
(upper panel) and summer (lower panel) for
the period from 1936 to 2005.

GLOBAL WARMING IN KAZAKHSTAN

In general, the growth of mean annual air
temperature by the end of the 21st
century in Central Asia can be from 3.7
to 5.6 degrees. Temperature rise will
be due to lower rainfall, which will be
expected to 4-21%

Calculations for all climate models lead to an
unequivocal warming in the region. According
to estimates, over the next 30 years in the
mountain river basins of Kazakhstan annual
runoff may increase to 22.5% as a result of
melting glaciers. Annual runoff basins of
lowland rivers can be reduced to 10.3%.
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CLIMATE CHANGE SOUTH - EAST KAZAKHSTAN

Almaty city

Landscape of the south-east of Kazakhstan includes
all areas from glaciers to sans
The largest city in the region is Almaty population
of 1.5 million people. Nature of the region is very
South-east of Kazakhstan (Almaty diverse and attractive for tourists.

region)
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GLACIERS AND RIVERS

L5 .

lle Alatau Jongar Alatau lle river

Almost all the major rivers southeast of Kazakhstan belong to the basin of Lake Balkhash
and originate from glaciers lle or Jongar Alatau

In the lle basin glaciers dry up by 1254 km2 (36.6%) and the average for the year - 25.1 km?2
(0.73%). In the whole basin of Lake Balkhash decline amounted to 1498 km2 (36.9%) or
the average for the year - 30 km2 (0.74%). Calculations have shown that by reducing the
long-term reserves of ice and water reserves in the glaciers in the inflow from rivers in
addition more than 10% water.



The 32 ISTC-Korea Workshop 2014
FLOW ACTIVITY

According to a review of the Eurasian Development
Bank, catastrophic rain mudflows occur in the XX
century, a once in a century in this region will
become annual.

Mountain and foothill regions of
Kazakhstan, occupying 15% of its
territory, subject to the ravages of
floods. By debris flow activity lle
Alatau is one of the first places in
the CIS.
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Precipitation in Kazakhstan

In many parts of Central Asia,
fluctuations in the intensity of
rainfall. Heavy rains, droughts
alternating with sharp, create
many problems workers
agriculture sector

Change in the amount
of precipitation in
Kazakhstan

by decade from 1936
to 2005 mm per year.
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PROSPECTS FOR THE DEVELOPMENT OF RENEWABLE ENERGY IN
KAZAKHSTAN

Government plan
of development of
renewable energy
up to 2020

Performance renewable energy sources (RES) in the Republic of Kazakhstan has been steadily
increasing with the period from 2009 to 2013 with a level of 350 to 500 million. KWh. One of the
prerequisites for increasing the production of renewable energy, was the adoption of measures of
state support for the development of renewable energy.
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DEPLOYMENT PLAN OF RENEWABLE ENERGY SOURCES IN THE REPUBLIC

wind turbines

1 Akmola region — 45 MBT
2. Akmola region — 30-50 MBT

3. Akmola region — 300 MBT
4. Almaty region — 51 MBT

5. Almaty region — 60 MBT

6. Jongar Gate, Almaty region— 72 MBT
7 East-Kazakhstan region — 24 MBT
8 Korday, Jambyl region -21 MBT

9 Zhambyl region— 100 MBT
10. Karagandy region — 15 MBT
11. Kostanay region — 48 MBT

12 Mangystau region — 19,5 MBT
13. Noth Kazakhstan region -1,5 MBT

solar panel
1. Almaty region — 2 MBt
2. Zhambyl region -24 MBT

3. Kyzylorda region— 50 MBT

4. Astana city -1 MBT
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Within the framework of the United Nations
Development "Kazakhstan - Wind Power Market
Development Initiative" work has been done,
aimed at the development of wind power in the
Republic of Kazakhstan. The project was
developed wind atlas of Kazakhstan

PROSPECTS FOR WIND ENERGY

Southeast Kaazahstan has the most unique in
the world of construction sites of potential
wind power plants (WPP). This Dzungarian
Gates and Shelek corridor. So, in Djungar
Gate: average wind speed at a height of 50 m
- 9.7 m /s, the flux density - 1050 W / m 2,
the number of hours of operation at full load
WES - 4400 h / year. Accordingly, Shelek
corridor: average wind speed at a height of
50 m.-7.7m/s, the flux density - 310 W / m
2, the amount of work wind farm at full load -
3100 h / year.
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It is generally accepted that Dzungarian Gates on wind characteristics are the most promising
area of construction of wind farms in the world. Vacancy on Djungar Gate will allow to develop a
total capacity of over 1,000 MW wind station

Place name Region Wind velosity The expected capacity
of wind station
Djungar Gate Almaty 9,7 50 MW
Shelec corridor Almaty 7,7 100 MW
Korday Zhambyl 6,1 10-20 MW
Zhuzimdyk-Chaian  EKR 6,7 10-20 MW
Astana Akmola 6,8 20 MW
Ereymentau Akmola 7,3 50 MW
Karkaralinsk Karaganda 6,1 10-20MW
Arkalyk Kostanai 6,2 10-20 MW
Atyrau Atyrau 6,8 100 MW

Aktau Mangystau 7,5 50 MW
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PROSPECTS FOR HYDROPOWER

The best prospects in the development of small hydropower plants exist in the southern
regions of the Republic, with considerable potential, but importing from the northern areas
large amounts of electricity. On the mountain rivers of the southern regions of the country
accounts for about 65% of hydropower. The Almaty region is developing a network of small

hydroelectric power from 5 to 60 MW

Rive

Karatal
Aksu

Esik

Almaty canal
Shelec

Lepsy

Koksu

Power

5 MW
1, -4,35 MW, 2, — 4,8 MBTt

4,8 MW

1,2-12 W

1,2, — 60,8 MW
4,8 MW

1,2- 42 MW
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PROSPECTS OF SOLAR ENERGY

The use of solar energy in Kazakhstan is very low, despite the fact that the annual
duration of sunshine is 2200-3000 hours per year, and the estimated capacity 1300-

1800 kW per 1 m? per year
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In 2014, on the initiative of Kazakh National

University scientists developed the project Solar

power Stirling engine. The project is under
consideration for grant funding for the MES

In 2012, the first steps were taken for the
development of a new industry, and were
initiated projects to build plants that will
produce silicon feedstock. In 2012, in Astana
started production of finished photovoltaic
cells.
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SUMMARY

* Inthe next 50 years, the climate of the South-East of Kazakhstan
will be favorable for the development of solar and wind energy;

* The presence of a network of large and small cities, the
development of agricultural industry in the region will contribute to
rapid return on investment in the field of renewable energy;

 Renewable energy should be a key factor in the development of
tourist areas in remote, ecologically clean areas of the region;

* For renewable energy development in the region has the necessary
scientific and technical sphere;

* Inrelation to small hydro power, despite having vast resources in
the region, should be considered a high potential danger of
avalanches and earthquakes;

* for the development of solar energy is necessary to develop a
resource atlas of solar energy for Kazakhstan.
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references

*  Ministry of Environmental Protection RK

*  Ministry of Industry and New Technologies RK

* |batullin S.R., Jasinski V.A., Mironenkov A.P. Impact of climate change on water resources in
Central Asia. Eurasian Development Bank, Review, 2009, 44 p.

e www.atlas.windenergy.kz

 www.facebook.com/RadioAzattyq
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Advanced energy materials
for Russian energy sector
modernization and benefits of
increasing investments
through SK technologies
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Renewable Energy
Resource Atlas System

Oct. 21, 2014

Korea Institute of Energy Research
New & Renewable Energy Resource Center

Yong—-Heack Kang, Chang—Yeol Yun, Hyun—Goo Kim



Mellewable Energy Resource Atlas System

Definition

| %Ximize usability
B construction
 Data Revision

Policy: making
» Enterprise
activities

* RES-Map :
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BReal time data | #Analysis methods | feotential volume

measurement: & ¥ Standard datal d". Establish
- Datal progress models gdissemination
analysis ’

Renewable Energy ReSource Map
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yRenewable Energy Resource Atlas System

Features

Provide data for studying renewable energy
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» Data measurement design
L - Wireless mesh, Ethernet
g - IP-USN, Digital meter, Data logger

» Data quality management
- DQMS, SERI

W
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yRenewable Energy Resource Atlas System

Features

Build a real-time data transmission system and support
technology for renewable energy facility management

- Real-time data transmission and management
technology(collection data, storage, transmission)

» Building spatiotemporal database
(including GIS, RS, satellite image)

=
4 h



%newable Energy Resource Atlas System

Features

Produce state-of-the-art technology resuit to which the latest
remote sensing technique and the numerical modeling
technology is applied

»Using remote sensing
data(satellite images,
LiDAR, SODAR, etc.)

* Numerical model
analysis technology

KHE R -—



yRenewable Energy Resource Atlas System

Features

Establish renewable energy policies and dissemination plans
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I Jqf“ , » Analyzing renewable
I p TN energy potentials
» Evaluating available
Estimate of the volume of potential resources energy in each target area



%newable Energy Resource Atlas System

Features
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Renewable Energy Resource Atlas System

Features

ANAY o
s ¥4
Vs FA

AU 48 NB NS

- Producing decision-
making support system

» Producing optimum place
analysis software

QS il » Producing economical
Decision-making support system .- e efficiency assessment
Economical efficiency analy54§ system rl o software

b
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yRenewable Energy Resource Atlas System

Features

Build an information distribution system for encouraging
the use of information

‘= Building Map-book
publication system

» Producing web-based
information distribution

system

=}

* Producing mobile i, (il PR =
applications : =

o
9 —



Renewable Energy Resource Atlas System

Building process (Solar)

Eﬁéegﬁ‘;%ezi%eﬁgggtsio%f;%fd'”9 Build a measurement 3 Data collection and
building ‘a measurement network network map quality management
- RLH, SRRL Hourly - June \

4 ) r
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L

and evaluate the volume of

\_ ok
5 Analyze distribution features
resources

10

B L ~ | 3o
L » A =

Global / Direct =
‘!:V . : i : ||h
= Bebiiog e ....-II Ilz

_ o
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Renewable Energy Resource Atlas System

Building process (Wind)

resolution(now)

: Produce a wind power energy resource map
10 x 10 km -
Tl Analyze the volume of wind power energy resources

Wind development design apply

r |
J—

Obtain wind information by
means of the numerical weather
model Weather tower, Verify the
wind information with LiDAR,
SODAR

KA —
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Renewable Energy Resource Atlas System

Building process (Hydro/Biomass/Geothermal)

Hydropower energy
The volume of annually produced
energy is estimated by calculating
the flow in each standard basin

Mean annual flow rate(prediction)

Biomass energy
The volume of produced resource
is estimated with statistics data for
each administrative division

; i) T ]

Geothermal energy
The data is produced for
using geothermal energy with
underground drilling data

Geothermal heat flow

12



%newable Energy Resource Atlas System

Supporting

. KIER established since
1977 aims at energy

research recognized
» Appointed as a national

renewable energy data

—

KIER .

Specialized committee

New & Renewable
Energy Data Center

New & Renewable
Energy Research
Division

- Researches and develops
renewable energy resources,

and resource maps -
- Builds a system for producing Ve ot Information |
and using national standard e ‘ Service team
e ; Data "
assessment

team
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yRenewable Energy Resource Atlas System

Supporting

uivem 0L IS A2

i mmm— KOREA INSTITUTE OF ENERGY RESEARCH
_ « Main research areas

- Renewable energy
- Greenhouse gas emission reduction
- Energy efficiency etc.

l

KIER m—

|

14



M&newable Energy Resource Atlas System

Expectation effectiveness

Comprehensive national renewable energy
< management system y

Efficient use/management

of renewable energy resources

Build a system for joint use

of basic data
L -\

R P

Develop tools for systematic
data collection, analysis/prediction

@ ——————— 7
Provide dlient-centered

customized information service

KIER -
15 —
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Thank yvou
Crzacu6bo

The KIER, a global energy innovator, dees its best in pursuing its mission to invent world 7 technologies based on
open innovation, life—cvcle research quality assurance, participatory and open communication. Therefore the KIER will become the
best encrgy technalogy R&D institute in the world, coatributing to the creation of wealth and improvement of quality of life for the

peopie.




Dr. Ho Won Ra. H

B

> Senior Researcher

[> Clean Fuel Laboratory, Climate Change Research
Division, KIER

(Korea Institute of Energy Research)
> Major research fields

Coal gasification technology k hi /

\
> Major research L-
Project on the 10BPD CTL demonstration plant,: from' the
Ministry of Science and Technology, Korea A *;h“

Project on the optimization of coal gasifier and l\i
improvement of operational rehablhty from the itpstﬁy wo%

Science and Technology, Korea
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Clean fuel technology

Based on coal gasification )@

open innovation, life-cvcle research quality assurance, participatory and open communication. Therefc
best energy technology Ré&D institute in the world, contributing to the creation of wealth and improvement of quality of life for the

2014. 10. 21

Ho won, Ra

Clean Fuel laboratory
Korea Institute of Energy Research

The 32" ISTC-Korea Workshop 2014
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World Energy outlook-Coal Market outlook

world energy consumption by fuel s
quadrillion Btu Billion toe

250 History 2010 Projections 5

28%
27%
. 23% 4

Other non-OECD

200 -

Liquids 34%
(including biofuels)
150 3
Natural gas
15%
100 - _— 2
Renewables
(excluding biofuels)
Nuclear
5%
" 0
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 1965 2000 2035

Coal is a reliable and abundant source for primary energy now and it will continue
to serve as an important energy resource in the future.
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Low Rank Coal

Accounts over 50% of world coal reserves e
Low Rank Coal
Proven Reserve Peat
Lignite
H|gh Rank Coal g Low Rank Coal Sub bituminous Brown coal
A .
y *+ Low heating value
High heating value any impurity
Little impurity § » Bitumi
1UmMInous | vy Medium, High V)
Already Not ) High Rank Coal
Occupied by \ jdeveloped Anthracite (gemj. - Meta- (Graphitic))
Major Companies yet

o/C

-

—-#-‘

Static range of fossil fuels world-wide [years]

Low Rank Coal - _42
- Vast reserves

Natural gas 62
- High moisture content entails high .
. o o Hard coal
transportation cost, low thermal efficiency
Lignite 203

- Safety hazards in transportation and storage due
to spontaneous combustion characteristics

Source: BGR Brief Study 2006
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Coal gasification

Products(Syngas)
HZ + CO ﬁ
Hydrogen IG FC
Syngas
Coal & Cleanup

Biomass -*lai.\;‘;:- | 1 j IGCC

. -

Water

Gasifier By-Products B ), Carbon Dioxide
C02 A" P
H,S
COoS

| Liquid Fuels CTL

Extreme Conditions
1200~1600 °C
42bar or more

= Fertilizer

SNG

. ‘ el Chemicals
= . e , Methanol
Solid Byproducts

Slag

(EX : www.netl.doe.gov)
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Available Gasification Technologies

Korea western Power, Tacan 300MW IGCC(2016.11) JKEPCO-Uhde JV
Mmens 21§ Clean Coal Tsinghua
{GSP} ] Gasifier 2-stage-
b wiks f. (Choren) oxygen

TPRI OoMB
., 2-stage- (ECUST)
coal i Bl
|
=
S

SKI, SK-KBR Technologies (3.0ton/day)

I TR Ice

U-Gas g=

Entrained-Flow Processes
HTW

Sasol or “*..‘ BGL
Lurgi/AL 9% (Enviro- (GTI1) h._ ! (KBR) §
dry ash ‘u therm) — . | =
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Coal gasification R&D activities in KIER

4

‘ Capacity (ton/day) DEMO

Se0 Plant

10 /! (10.0T/D, 30bar)

1.0

(0.5T/D, 1bar) (1.0T/D, 1bar)

(1.0T/D, 30bar)

Coal slurry feed type entrained flow coal gasifiers

v

1980 1993 2002 2010 2020
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Current Status of R&D Project

Entrained Flow
gasification

Fluidized bed

Coal/Biomass/ Waste gasification

Plasma
Gasification

Supercritical

Coal Water Mixture Gasification
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1.0T/D Entrained Flow Gasifier

[CCTV System]

oo UL E0TE
— PR STV OF ENGAGH PRSESCH

—r f

Dl i T; e

- ‘I '-m.i,l

[Control System]
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10.0T/D Entrained Flow Gasifier

Oxygen

Coal/water Mixture

[Control Room]

Scrubber

High préssure .
slurry pump

[Gasifier Control system] o
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Fisher Tropsche Reactors(15bbl/day)

Unreacted gas & oil products

Catalyst
& Oil

Catalyst/Oil
starry Wax Heavy Light Alcohol
Clean Product Oil Oil & Water
Synthesis
Gas
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Wire Mesh Reactor

- I O d - -'ﬁ_--”o,_. e

Mesh open size : 75um
Mesh weight : 0.94g

|

temperature : 1000°C

WMRReactor | . o R | i

»

wire mesh reactor in the heating stage]

GLOBALKIER= |
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[Wire Mesh Reactor prepared for an experiment] [
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Effect of peak temperature

100 P
30
A Residence time : 10sec W
~
RN
80 - 25
—A— Char \
—— Tar 0
— —8— Gas \ @
-\.‘3 60 - —o— Total volatile \ﬁg -;
o\o ~ T — ’A\ ~ -O..
= X
- 2
o]
o i el
© 40 2
> =
(7))
©
O
20
0 T T T
200 400 600 800 1000 1200
. Ga .
Peak Temperature (C) s Compostion

The devolatilization is almost completed at approximately above 800°C.
As the peak temperature increases, CO, CH, and H, tend to increase, while CO, and Hydrocarbon (CnHn) tend to decrease above 800°C.
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Coal Water Mixture

SR

- Surfactant
- Stabilizier
(under 1wt%)

-
SR

Grinding
&
| | Mixing

—_
[- particle size : 74pm 75% 1t }

- Coal Concentration : 60-70%

viscosity: under 2,000cp

Coal Water Mixutyre

e , |GLOBALKIER=]
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Advantages of CWM

2 CWM is a clean coal technology solution for big and
small energy- By converting the coal into a liquid

form, delivery and dispensing of the fuel can be

simplified.
% CWM allows to utilize sewage water(from city
Coal-Water
Mixture canalization)

B CWM Ash is an ideal additive to concrete mixtures

© Reduces cost price of Gcal and Kw*h

® CWM is an explosion-proof
2 CWM is easy to storage and pumping
2 Almost any type of coal Could be used for CWM

Preparation

[}

GLOBALKIER= |
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Use of Coal Water Mixture

E-Gas™ ! Pt G
Entrained-Flow 1L
Gasifier

High Concentration + Stabilization
(L5%E3}) (AA)

High Concentration

=y
1
Low Rank Coal Coal Water Mixture Plant %

(Low Price)
High Concentration + Stabilization

CWM Boiler(Heat, Steam)
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/Stabilization | B
/ \ ) VA / \
\‘al ticle 512} L o \ }
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Pore Functional
G
Structure Temperature (Oxlgfn)
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Configuration of the experimental apparatus

(b) SUS Rod

Ball Mill & Rod Mill CWM Feeding Pump Viscometer Moisture meter

o= GLOBAL KIER=]
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Wiscosity(cP)

10000

The 32" ISTC-Korea Workshop 2014

High Concentration + Stabilization

8000

6000 ~

4000 ~

2000 4

—#— | ow Rank Coal
—8— Upgraded-Low Rank Coal
—— Sub-bituminous Coal

—&— Petroleum coke

Viscaosity (cP)

&

50

[}

T T T T b I T T T

60 64 66

Coal Concentration (wi%, dry basis)

68 70

[(CWM + Surfactant(0.6wt%)]

18

CWM Manufacturing Video

10000

—4— KOH
—& CaClZ

8000 +

6000 +

4000 -

2000 -

0 T
CWM +Thickener

+Base
Sample

[(CWM(54wt%) + surfactant(0.6wt%)]

+[Polymer(0.2wt%) + pH additives(0.3wt%)]
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KTER-

The KIER, a global energy innovator, does its best in pursuing its mission to invent world—-class energy technologies hased on open

innovation, life—cycle research quality assurance. participatory and open communicaticn. Therefore the KIER will become the best energy

technelogy R&D institute in the world, contributing to the creation of wealth and improvement of quality of life for the people.
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Ho Won Ra

> Senior Researcher
> Clean Fuel Laboratory, Climate Change Research Division, KIER
(Korea Institute of Energy Research)

> Major research fields

Coal gasification technology

> Major research

e Project on the 10BPD CTL demonstration plant from the
Ministry of Science and Technology, Korea

e Project on the optimization of coal gasifier and the
improvement of operational reliability from the Ministry of
Science and Technology, Korea
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INTERNATIONAL SCIENCE
\ND TECHNOLOGY CENTER
ADVANTAGES OF
PARTNERSHIP

David Cleave Executive Director of ISTC

cleave@istc.int
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ISTC’s History 35

M HT L

= Founded in 1992 by the EU, Japan, USA, and
Russia with current members also including
Norway, Republic of Korea, Armenia, Belarus,
Georgia, Kazakhstan, Kyrgyzstan and Tajikistan.

= ISTC has been one of the largest sponsors of
R&D in the FSU supporting former defense
scientists to redirect their R&D efforts to peaceful
and market sustainable technologies.

= ISTC is currently headquartered in Moscow and
nas branch offices in Armenia, Belarus, Georgia,
Kazakhstan, Kyrgyzstan and Tajikistan.
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ISTC’s Mission 3

= 10 support the nonproliferation efforts of our member
countries by providing former Soviet weapons scientists,
particularly those with knowledge and skills related to
weapons of mass destruction opportunities to redirect
their expertise to peaceful R&D fields.

= 1o facilitate interactions and collaborations between CIS
and Georgian scientists with their global scientific
counterparts.

= 10 support and manage R&D projects that address global
problems and transition such research to market based
economies for future sustainability.
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Some of ISTC Activities S
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= Financially support, manage and audit R&D Projects
at CIS and Georgian Institutes funded by
governmental and non-governmental entities.

= Financially support and manage programs that
provide CIS and Georgian scientists with: Travel
Grants, Workshops, Seminars, Patent Support,
Career Training and other activities.

= Provide Technology Match-Making services to
Partners.
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STC - Funding 1994-2013 <
Approaching 1 Billion USD e

Space, Aicraft &
Surface
Transportation,
3%

Non-Nuclear Other,1%  Physics, 12%

\
—
4

Materials, 8%

Biotechnology
and Life

Manufacturing Science. 28%

Technologies,
2%

Instrumentation,
4%
Information & Chemistry, 6%

Communication
Tech, 3%

Fission
Reactors, 11% 16%

Fusion, 2% Environment,
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5TC’s Future <
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On June 51 2014, the ISTC office in Astana,
Kazakhstan was officially opened in preparation for

the move of the main office from Moscow by the
middle of 2015.

Develop new programs and activities in response to
member countries’ needs and priorities.

Plans to expand ISTC nonproliferation efforts and
sustainable R&D support to new member countries.

Investigate and engage new sources of funding for
R&D projects and programs.
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vantages of Using ISTC: Q}
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= A proven record of more than 20 years of experience funding and managi
R&D projects and activities at CIS/Georgian Institutes.

= A network of 100s of Institutes and 1000s of scientists in member countri
with scienticific and technological expertise in many fields including:
Biotechnology, Material Sciences, Energy Production, Nuclear Physics.

= Transparent mechanisms and procedures that have handled almost 1
Billion dollars for funded projects and activities in CIS/Georgia.

= Full service project planning and execution with on-site monitoring and
audits.

= Customs- and duty-free imports of equipment for projects.
= Direct tax-free grant payments to R&D project recipients.

= Very competitive project labor and service fee costs.

= Free technology matching-making services for Partners.

= Intellectual Property Protection for project results.

= An international staff that is service oriented and responsive to Partners’
needs.
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ISTC’s Partner Program A

An ISTC Partner is a company, academic or
scientific institution, governmental agency or
other organization that is approved by our
governing board and agrees to fund a
research project and or other activities such
as workshops, travel grants, seminars,

training programs in CIS countries and
Georgia.
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ew of ISTC’s Partners include: ‘@ °
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7 E
m;g}us FL: rEﬂst ' a'I'I'EII - &9 Bayel‘

HITACHI

SHARP Schiumberger PHILIPS

USDA
C‘ﬁ‘ 3‘3552;1 TOSHIBA LY G = |

E|
- XTREM

) Partner projects with >$300 M in funding covering a wide range of technolc
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hy Partners Work with ISTC <=

Professional Project Management Partnership with top scientists

-Cross-Functional Bilingual Teams -From 100s of qualified institutes witl
-On-site monitoring and audits 1000s of scientists in CIS and Georg

©
(X
© o PHrga ©
&= [ )
(a\\/\/ | o3 \/CZ”
L & T &
& &7
Low Cost R&D PN N
-Direct tax-free grant payments } Continuing Support
9 -Intellectual Property Rights Protec

-Customs- and duty-free imports

-Complete control of funds assured -Global scientiliCIEEE_.

(conference/travel/etc)
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pact of ISTC Projects and Activities !3

= Redirection of 1000s of former Soviet weapong scientist
by utilizing their expertise and research creativity for
peaceful R&D that is focused on current global needs.

= >2800 basic and applied R&D projects resulting in 1000
of publications in international peer reviewed journals and
100s of Patents.

=Creation of new international scientific collaborations anc
networks between CIS/Georgian Institutes and scientists
and their counterparts in the US, EU, Japan, Norway,
Korea and other countries.

= Development of commercial and business oriented
entities in CIS and Georgia that have resulted from ISTC
projects, training programs and early-phase seed funding
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ANK YOU FOR YOUR ATTENTION! s r ¢
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1 for more information about ISTC goto: v st &
w.istc.int or contact:

Patrick Russo

Principal Partner Project Manager
International Science and Technology Center
Krasnoproletarskaya 32-34

127473 Moscow

Russian Federation

E-mail: russo@istc.int
Tel: 7-495-982-3256

Fax: 7-499-978-4926
Website: www.istc.int
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EURASTECH Corp.

Eurastech provides clients with a variety of services, including review and
evaluation of data for commercializing technologies, consultation related with
technology trade, development and distribution of technology transactions
supporting system, and it is especially specialized in Russia.

EurasTech Corporation is a firm which seeks development and harmony of
Europe and Asia through the medium of technology.

EurasTech provides clients with a variety of
services, including review and evaluation of
1 data for commercializing  technologies,
consultation related with technology trade,
! development and distribution of technolo
| Y gy
1-: transactions supporting system, and it s
especially specialized in Russia.

In the 21st century, an era of globalization,
=
Eurasia containing the Far East will take a

very important position in terms of economy, politics and culture.
Technological and human network and the ability of collecting information in
this region will become an essential factor in enhancing national and
corporate competitiveness in the future.

In accordance with this trend, EurasTech will make efforts to offer
professional services with a view to increasing value of client’s intellectual
properties and thereby strengthening corporate competitiveness.

Thank you.

Eurastech corp.

CEO / Sun Young Lee
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EurasTech corp.,

Tech. Commercialization Team / Manager / Sang Hwa, Lee
bloodcon@eurastech.com / 82.2.454.9204(4)

Office 705, Kolon Il B/D, Achasan-ro 49, Seongdong—gu, Seoul, Korea
(133-110)




