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Chart 2

The EMSP facility at a glance

HelioTrough® 2.0: 684 m, 4,500 m?
HTF: Molten Salts
Power: 3.5 MW,

Tmax: 565 °C

Power: 1.8 MWth @
14.0 MPa | 560 °C
Economizer/evaporator,
air cooled condenser,
pressure reducing station

2-Tank TES

34 m3 (ca. 92 tons salt)
Capacity: 5.4 MWh @
565 °C/ AT =275K
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Chart 3

Virtues of molten salts in parabolic troughs
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Chart 4

Virtues of molten salts in parabolic troughs
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Chart 5

Virtues of molten salts in parabolic troughs

565 °C operation temperture in the

collector field and thermal storage system T j
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Chart 6

Virtues of molten salts in parabolic troughs

565 °C operation temperture in the 5
collector field and thermal storage system

No need for additional heat exchanger ...but these virtues come along with some challenges.

Increased power block efficiency S Danger of freezing?
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Chart 7

Our joint research targets
Tackling major concerns

* Develop safe and reliable operation procedures
* Evolve improved control strategies
* Analyze degradation, corrosion and failure mechanisms

* Transfer research results to commercial applications
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Chart 8

Complementary roles of EMSP industrial and R&D partners
HPS2 project consortium
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Chart 9

Achievements in technical improvement
Optimized components for molten salt operation

HelioTrough® 2.0

* Collector length increased by 32%
* Increased tracking precision
Concentration factor increased from 26 to 31 at lower specific heat losses
Pendulum pylon design enables 0.15% inclination for safe draining

Qualification of impedance heating system
for molten salt receivers
* Successful filling and drainage demonstrated
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Chart 10

Achievements in molten salt operation
Safety and reliability demonstrated

* 3500 hours operational experience in handling key process steps

* Yara MOST operation at temperatures up to 500 °C

» Salt degradation analysis: chemical and thermo-physical properties
* Monitoring of corrosion processes
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Technology outlook
Cost reduction potential of molten salt-based CSP

Cost reduction by

Higher cycle efficiency by increased
outlet temperature

Higher storage capacity

Fewer components

Cheaper, more stable and more
sutainable heat transfer fluid

Less pumping power — better scaling
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Chart 11

Relative Costs
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Chart 12

Role of molten salt in the future energy system

. EMSP CURRENT ]
System benefit of molten salt storage
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Chart 13

Role of molten salt in the future energy system

_ EMSP ONGOING ]
System benefit of molten salt storage
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Chart 14

Role of molten salt in the future energy system

. EMSP DEMO ]
System benefit of molten salt storage

Pictures in https://lwww.istockphoto.com/pt
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Role of molten salt in the future energy system
System benefit of molten salt storage

800

Energy installation cost

Chart 15

EMSP BATTERY ]

LTO 2016
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Chart 16

Role of molten salt in the future energy system EMSP DISPATCHABLE ENERGY .|.]
Chances to accelerate hydrogen production

High-Temp
Electrolysis

Electricity, MW
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Technology hub EMSP
Attracting new businesses in the Alentejo region
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Human resources

New technology
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Chart 18

Technology hub EMSP
Impacting the economy and promoting Regional development
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Chart 19

Summary and Acknowledgements

Achieved to date
* Successful demonstration of innovative “full Molten Salt” CSP Plant concept
* Improved component performance and overall Plant efficiency
* Experience with O&M enabling “fast track” to bankability and market .
* Industry “show room” for MS components and O&M strategies g

* Ensuing stepl’:‘.
* Power block amd Grid connection to dispatchability demonstratlon
* MS electrlflca '



Chart 20

Summary and Acknowledgements
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