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Eestis on innovaatilisi tooteid ja teenuseid turule toovate
ettevotete osakaal OECD madalaim (2017)
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Miks me seda teeme?

Meie tahame sellist Eestit:

Unikaalne;

Sunergiat loov;

Suure lisandvaa rtusega; Kasum, kulud ja riigieelarve, tEUR
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Projektiidee

Kahe strateegilise valdkonna teadmise
uhendamine ja valjakutsete lahendamine
muudab projekti majanduslikult tasuvaks ja
uhiskonnale kasulikuks

* Energeetika

* Ehitusmaterjalide tootmine



Teiste motteid idee toetuseks

« According to market research firm IHS, the
global energy storage market is growing
exponentially to an annual installation size of 6
gigawatts (GW) in 2017 and over 40 GW by 2022 —
from an initial base of only 0.34 GW installed in
2012 and 2013

* “A next-generation smart
grid without energy storage is like a computer
without a hard drive: severely limited.”
- Katie Fehrenbacher, GigaOm



http://energystorage.org/energy-storage/glossary/#525
http://energystorage.org/energy-storage/glossary/#525
http://energystorage.org/energy-storage/glossary/#267

Kogemustepagas

Maailmas sajad PHAJ, Baltimaades Kruonise PHAJ Leedus;

1980-ndad ehitusgeoloogilised uuringud Maardu graniidimaardIas:
ehituskillustik, kaevedonte teisene kasutus —
hiidro-akumulatsioonijaam

2001 kaevandusloa taotlus Maardu Il graniidimaardla
kasutuselevotuks — polnud majanduslikult otstarbekas

2009 — 2016 PHAJ Joeldhtme vallas

2013 — EU PCI project, Ghishuviprojekt (nt Estlink 1 ja 2,
Harku-Keila-Sindi, Eesti-Lati 3.0hendus, jne.)

2016 — ....Paldiski

Miks Paldiski?:

* Kivimi kvaliteet, mere stigavus

* Koostdo KOV-ga esimesest paevast

* Koostoo RahM, MKM



1.  Majandus
* Energiahinna vahenemine ja prognoositavus
* Suur lisandvaartus hoivatu kohta
 Valiskaubandusbilansi oluline paranemine

2.  Energeetika
* EU PCl project
 Salvestus kui energeetika pohikisimus

* Voimalikud (!?) stisteemiteenused: inerts, poorlev

reserv, black-start, regionaalse stabiilsuse kontroll,
. sinkroonne kondensaator, tlekandekulude
Eest| I e vahendamine stisteemide vahel

3. Keskkond

* CO2 vihendamine energeetikas (ca. 10-15mEUR/a) ja
maavarade kasutamises

* Maakasutuse ja ressursikasutuse paranemine
e Kestvamad teed
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Struktuursed muutused toetavad PHAJ rajamist

Wind and solar expansion’ Less competition at peak demand’
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Selected Advantages

Selected Disadvantages

Low cost, flexible sizing, relatively large-scale
Mature technology and well-developed design
Proven track record of safe operation
Leverages existing gas turbine technologies

High power density and scalability for short-duration technology; low power,

higher energy for long-duration technology
High depth of discharge capability

.
« Compact design with integrated AC motor

Mature technology (commercially available; leverages existing hydropower
technology)

High-power capacity solution

Large scale, easily scalable in power rating

Requires suitable geology

Relatively difficult to modularize for smaller installations
Exposure to natural gas price changes

Relies on natural gas

Relatively low energy capacity
High heat generation

« Sensitive to vibrations

Relatively low energy density
Limited available sites (i.e., water availability required)

* Cycling generally limited to once per day

Lithium-lon assessed on this report is NMC (Lithium, Nickel, Manganese, Cobalt).

No part of this material may be copied, photocopled or duplicated in any form by any means or redistributed without the prior consent of Lazard

* Low cost, flexible sizing, relatively large-scale * Technology is pre-commercial
« Power and energy ratings independently scalable « Difficult to modularize for smaller installations
* Leverages mature industrial cryogenic technology base; can utilize waste « On-site safely concerns from cryogenic storage
industrial heat to improve efficien(l
________________________________ -
« Power and energy profiles independently scalable for Vanadium system « Power and energy rating scaled in a fixed manner for zinc-bromide
« Zinc-Bromide designed in fixed modular blocks for system design technology |
+ No degradation in “energy storage capacity” Electrolyte based on acid
« No potential for fire Relatively high balance of system costs i
« High cycle/lifespan Reduced efficiency due to rapid charge/discharge |
* Mature technology with established recycling infrastructure « Poor ability to operate in a partially charged state
« Advanced lead-acid technologies leverage existing technologies « Relatively poor depth of discharge and short lifespan ]
* Low cost * Acid based electrolyte
« Multiple chemistries available « Cycle life limited, especially in harsh conditions ]
« Rapidly expanding manufacturing base leading to cost reductions « Safety issues from overheating
« Efficient power and energy density Requires advanced manufacturing capabilities to achieve high i
« Cost reduction continues performance I
« High temperature technology: Relatively mature technology (commercially « Although mature, inherently higher costs—low temperature batteries
available); high energy capacity and long duration currently have a higher cost with lower efficiency
« Low temperature technology: Smaller scale design; emerging technology and « Potential flammability issues for high-temperature batteries
low-cost potential; safer « Poor cycling capability
« Deep discharge capability « Currently unproven commercially
« Designed for long life * Lower efficiency
« Designed for safe operation « Poor cycling/rate of charge/discharge
. .. Technologies analyzed in LCOS 3.0.
Source: DOE Energy Storage Database.
Denotes battery technology. 1



LAZARD'S LEVELIZED COST OF STORAGE ANALYSIS—VERSION 3.0 A SUPPLEMENTARY LCOS ANALYSIS MATERIALS

Levelized Cost of Storage Components—Low
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Source: Lazard and Enovation Partners estimates.
Note:  O&M costs include augmentation costs. 28

No part of this material may be copied, photocopied or duplicated i any foem by any means of redist-Rated without the pece consent of Lazand
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Summary Findings of Lazard’s 2017 Levelized Cost of Energy Analysis(?

Selected Historical Mean LCOE Values?
Mean LCOE
$/MWh
$360 , $359
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210 - 20%
180 - Coal
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Year 2009 2010 2011 2012 2013 2014 2015 2016 2017
LCOE Version 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0
Source: Lazerd estimates.
Note: Reflects average of unsubsidized high and low LCOE range for given version of LCOE study.
1) Primarily relates to North American altemative energy landscape, but reflects broader/global cost declines.
{2 Reflects total decrease in mean LCOE since the later of Lazard’s LCOE—Version 3.0 or the first year Lazard has fracked the relevant technology.
(3) Reflects mean of fixed-tilt (high end) and single-axis tracking (low end) crystalline PV installations.
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Struktuursed muutused toetavad PHAJ rajamist

Wind and solar expansion’ Less competition at peak demand’
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Selected Advantages

Selected Disadvantages

Low cost, flexible sizing, relatively large-scale
Mature technology and well-developed design
Proven track record of safe operation
Leverages existing gas turbine technologies

High power density and scalability for short-duration technology; low power,

higher energy for long-duration technology
High depth of discharge capability

.
« Compact design with integrated AC motor

Mature technology (commercially available; leverages existing hydropower
technology)

High-power capacity solution

Large scale, easily scalable in power rating

Requires suitable geology

Relatively difficult to modularize for smaller installations
Exposure to natural gas price changes

Relies on natural gas

Relatively low energy capacity
High heat generation

« Sensitive to vibrations

Relatively low energy density
Limited available sites (i.e., water availability required)

* Cycling generally limited to once per day

Lithium-lon assessed on this report is NMC (Lithium, Nickel, Manganese, Cobalt).

No part of this material may be copied, photocopled or duplicated in any form by any means or redistributed without the prior consent of Lazard

* Low cost, flexible sizing, relatively large-scale * Technology is pre-commercial
« Power and energy ratings independently scalable « Difficult to modularize for smaller installations
* Leverages mature industrial cryogenic technology base; can utilize waste « On-site safely concerns from cryogenic storage
industrial heat to improve efficien(l
________________________________ -
« Power and energy profiles independently scalable for Vanadium system « Power and energy rating scaled in a fixed manner for zinc-bromide
« Zinc-Bromide designed in fixed modular blocks for system design technology |
+ No degradation in “energy storage capacity” Electrolyte based on acid
« No potential for fire Relatively high balance of system costs i
« High cycle/lifespan Reduced efficiency due to rapid charge/discharge |
* Mature technology with established recycling infrastructure « Poor ability to operate in a partially charged state
« Advanced lead-acid technologies leverage existing technologies « Relatively poor depth of discharge and short lifespan ]
* Low cost * Acid based electrolyte
« Multiple chemistries available « Cycle life limited, especially in harsh conditions ]
« Rapidly expanding manufacturing base leading to cost reductions « Safety issues from overheating
« Efficient power and energy density Requires advanced manufacturing capabilities to achieve high i
« Cost reduction continues performance I
« High temperature technology: Relatively mature technology (commercially « Although mature, inherently higher costs—low temperature batteries
available); high energy capacity and long duration currently have a higher cost with lower efficiency
« Low temperature technology: Smaller scale design; emerging technology and « Potential flammability issues for high-temperature batteries
low-cost potential; safer « Poor cycling capability
« Deep discharge capability « Currently unproven commercially
« Designed for long life * Lower efficiency
« Designed for safe operation « Poor cycling/rate of charge/discharge
. .. Technologies analyzed in LCOS 3.0.
Source: DOE Energy Storage Database.
Denotes battery technology. 1



LAZARD'S LEVELIZED COST OF STORAGE ANALYSIS—VERSION 3.0 A SUPPLEMENTARY LCOS ANALYSIS MATERIALS

Levelized Cost of Storage Components—Low
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Source: Lazard and Enovation Partners estimates.
Note:  O&M costs include augmentation costs. 28
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Summary Findings of Lazard’s 2017 Levelized Cost of Energy Analysis(?

Selected Historical Mean LCOE Values?
Mean LCOE
$/MWh
$360 , $359
330 -
300 -
270 -+
240 -
Nuclear
210 - 20%
180 - Coal
(8%)
150 - $148 i
$135 Gas—Combined Cycle
120 $123 $11 (27%)
1 ' $102 Utility Scale Solar®
2 (86%
90 s83 )
60 $60 Wind
$55 330 Lol
30 Ll Ll L) T T Al T 847 Ll S45 1
Year 2009 2010 2011 2012 2013 2014 2015 2016 2017
LCOE Version 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0
Source: Lazerd estimates.
Note: Reflects average of unsubsidized high and low LCOE range for given version of LCOE study.
1) Primarily relates to North American altemative energy landscape, but reflects broader/global cost declines.
{2 Reflects total decrease in mean LCOE since the later of Lazard’s LCOE—Version 3.0 or the first year Lazard has fracked the relevant technology.
(3) Reflects mean of fixed-tilt (high end) and single-axis tracking (low end) crystalline PV installations.




