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Renewables prospectives

To 2020 renewables must give 4,5% of generated

electric energy In Russia (Government Act from
January, 08, 2009).

About 3,8 GW of solar cells are produced in the world
from 2004 to 2008.

RusNano invested more than $ 15 mird in projects,
concerned with Si and photovoltaics

Problem of buffer energy accumulation is actual for all
renewables even in case of in-grid operation.
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Model formulation

2-section power plant
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Modadel formulation
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+ Higher lifetime,
lower cost

-Pure hydrogen
-Relatively low

Electrolyzer I Hydrogen condition and storage

PEMFC unit

P

Air from atmosphere regeneration

Fuel cells - technical issues

Electricity to the
inverter 2

Water to

efficiency
-Special inverter

Oxygen condition and storage
; AFC unit

()

Air from atmosphere
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Electricity to the

inverter 2
—

Water to
regeneration

+ Higher efficiency
+Alkaline vapors are
not so critical

-More complicated
BoP

-Oxygen safety
questions

-Special inverter



Turbine + boiler — technical issues

Catalytic boiler Electricity to the
Hydrogen condition and storage inverter 2 or directly
Steam turbine to the consumer
—>
steam
/[\ /[\ /r Water to

Air from atmosphere regeneration

+ Significantly higher lifetime and lower cost

+ Possibility to avoid inverter 2 or standard industrial system usage
+0Oxygen can be used to increase efficiency

-Very low efficiency in the chosen power range

+Easy scaling up

- NOx presence

-Start-up issues

www.natureselectric.com
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£ Electrochemical accumulators - technical
iIssues

Li-ion batteries

+ Higher efficiency —
electricity-to-
electricity conversion
+Much simpler BoP
+Standard equipment
+Deep discharge
cycles

-High cost
-Complicated control
system needed
-Lifetime issues

NIC NEP project NIC NEP project Kashima-Kita power plant
(Japan) 6
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Analysis results
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Analysis results - Power range influence
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Analysis results
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-Electrolyzer gives significant contribution to cost, especially in
case of heat engine
-Main contributor to cost in case of heat engine are solar cells
because of low cycle efficiency
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Analysis results - efficiency
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-Application of hydrogen cycle leads to an increase of solar cell
amount
-Maximum solar cells amount corresponds to the lowest efficiency

11

H2 STORAGE 2009



$/kWe*h

o = N W s U o N

-~ 40000 h

Analysis results - electrolyzer type
1000 KW, influence

m 4,2 kW, high unit

price, about 20000
euro/nm3

® 4,8 kW, medium
unit price, about

. 10000 euro/nm3

w 5,2 kW, low unit
price
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20000 h 5000 h +turbine

- Electrolyzer capital cost is more important than energy
consumption for these conditions.
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Model further improvements

13

H2 STORAGE 2009



Conclusions

-Electrochemical accumulators seems to be more
attractive than hydrogen cycle because of direct
electricity-to-electricity conversion. Double conversion
decreases competitiveness of hydrogen cycle.
-Traditional heat engines are quite competitive, especially
in high power range, when large areas for construction are
accessible.

-Fuel cells need increase lifetime to increase their
attractiveness for such applications.

-Electrolyzer capital cost has a significant importance.
-Developed systems can be used in other fields, e.g. for
centralized grids power regulating and for waste hydrogen
utilization.
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Thank you
for
attention!
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