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e Solar cooling

o |étesitesi ktg. - energiaar — LCOE
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e Naph8er6m( (Concentrated Solar Power — CSP)
napsugarzas —> villamos energia
e Napkollektor (solar thermal collector)
napsugarzas —> héenergia
 Napelem (PhotoVoltaics — PV)

napsugarzas —> villamos energia

Naphderdm( # Napkollektor # Napelem
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. Naptorony (eng: solar tower, deu: Heliostat): Koncentrikus kordokbe

telepitett nagy feltletl és napkovetd siklap tukrok iranyitjak a
visszavert fényt a k6zéppontban alld torony tetejére. Itt egy
tartalyban talalhaté a h6atado folyadék, ami felveszi a hét.

. Napteknd (eng: solar trough, deu: Parabolrinne): Tekn& alaku tiukrok
kdvetik a Nap mozgasat, a tukrok fokuszaban egy csé talalhatd,
benne h6atadod folyadék kering és veszi fel a hét.

. Napkémény (eng: solar tower, Solar chimney, Solar flue): Nagy
foldtertletet boritanak kor alaku Gveg vagy mlanyagszerkezettel,
ami a kor kozepe iranyaba magasodik. Kdozépen egy magas torony
talalhato, benne szélturbina vagy szélturbinak.

|
(forras: www.kekenergia.hu) MEGNAP - 2017.03.009. 7
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Receptor

solar = Turbina Generador
\ Vapor

40 bar, 2500C

' 11.0MWe

{ z
Campo de heliostatos

Sistema de almacenamiento de vapor
i p i
® ‘

Condensador

0,06 bar, S09C
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30 MH _SEGS ConfiguratinnatSramerdunction; California, UISA
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European supergrid

CSP collector areas
for electricity

W MENA 2005
I Trans-cop Mix umEna 2050

Renewable Energies

£ Concentrating
Solar Power E_ Hydro
h Photovoltaics n Biomass
Wind B Geothermal

---- Grid line
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e 147-meter-tall towers

e Heated water system

Electridity Stea cndenser . O
e Standard turbine generators B2 ik /

Feedwater~ ~_
Reheater

e Air-cooled gas condensers senerator 2

Turbine

Steam drum
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For about seven years, a 195-
meter-tall (640-foot) chimney rose
above the plain in Manzanares,
Spain, south of Madrid. The solar
updraft tower, which had turbines
at its base, rose from the middle
of a 46 000-square-meter
greenhouse-like collection area; it
generated up to 50 kilowatts of
power—that is, until it

The unfortunate end to the solar
chimney is little more than a
ootnote. It failed due to
supporting wires that weren't
designed to resist corrosion
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2.
In the top of tower there is

The warm air want to lower pressure and

escape because the temperature and
ground air k consequently it is develops
temperature is lower. drafts and this will absorb
the warm air.

20 Celsius —™

Ground air
70 celsiu temperature 30

MEGNAP - 2017,03.09. 34
Air flow is 15 m/sec
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Updrafting
Solar warm air
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e S700million to build

e 2,600 foot chimney

e more than two miles in diameter
e one million megawatt hours /year

e 32 wind turbines, each rated at 6.25 MW, circling the base
of the tower

MEGNAP - 2017.03.09. 38
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Chinese solar tower | |
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http://www.scmp.com/news/china/article/1487659/solar-chimneys-may-help-solve-chinas-energy-woes AL?, Tuddskézpont

e Atest updraft tower in Inner Mongolia could only be built
to 50 metres, not the desired 200, because of a nearby
airport.

e Starting operation on Dec 10, the 200-kilowatt power
generating unit can supply 400,000 kW

41
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" Hot water Cooling tower
Collector Storage tank
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Ch'll-.’rﬂ' Chilled water Cooling
Storage 1ank space

A =absorber, G = generalor, C - condenser, E - evaporalor

The LiBr-water absorption cycle has the working pair fluid of LiBr
(absorbent) and water (refrigerant)

Tatenda J Bvumbe; Freddie L Inambao: Operational evaluation of the performance of a solar powered absorption
system in Pretoria; Journal of Energy in Southern Africa vol.24 n.3 Cape Town Jan. 2013
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solar collector heat exchanger heat storage backup hot side
T J =
solar
system T

cooling
water

chilled
water

sorption
Ursula Eicker: Solar thermal or Photovoltaic cooling? Intersolar Europe 2010 chiller
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PV modules

electricity

S i A
ﬁ-

Compression

: . ——— | storage
cooling machine

y OO)— Public grid

Ursula Eicker: Solar thermal or Photovoltaic cooling? Intersolar Europe 2010
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Francois-Xavier Saury - Caterpillar Inc. - February 2016

Solar and Wind Life-Cycle Costs: Below Diesel
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Source: Bloomberg New Energy Finance
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Growth:

wos | on

Biomass & w-t-e I 5 -46%
Small hydro I 4 -26%
Geothermal IE -25%

Biofuels ‘ 1 67%
Marine ‘n,unz -99%

p—

Source: Bloomberg New Energy Finance
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e Cellakoltség tizedel6dés az utobbi évtizedben
e LCOE koltsegek
e Energia piaci koltség

— $20/MWh bid in reach as tenders grow more competitive across
global markets

— In 2016, the Abu Dhabi Water & Electricity Authority (ADWEA)
announced a $24/MWh solar bid

MEGNAP - 2017.03.09. 51
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Price history of silicon PV cells in $ per watt
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Estimated LCOE for new generation \E/  cositmmomis

U.S. Average LCOE (2015 $/MWh) for Plants Entering Service in 2022

Variable
Capacity Levelized O&M Total Total LCOE
Factor Capital Fixed (including Transmission System Levelized including
Plant Type (%) Cost O&M fuel) Investment LCOE TaxCredit Tax Credit!
Dispatchable Technologies
Advanced Coal with CCS? 85 97.2 9.2 31.9 1.2 1395 139.5
Matural Gas-fired
Conventional Combined Cycle 287 13.9 1.4 41.5 1.2 58.1 58.1
Advanced Combined Cycle 87 15.8 1.3 38.9 1.2 57.2 N 57.2
Advanced CC with CCS 87 29.2 4.3 50.1 1.2 84.8 84.8
Conventional Combustion 30 40.9 6.5 59.9 3.4 110.8 110.8
Turbine
Advanced Combustion Turbine 30 25.8 2.5 63.0 3.4 94.7 J 94.7
Advanced Nuclear 90 78.0 12.4 11.3 1.1 102.8 102.8
Geothermal 91 30.9 12.6 0.0 1.4 45.0 -3.1 41.9
Biomass 23 44.9 14.9 35.0 1.2 96.1 J 96.1
Non-Dispatchable Technologies
Wind 40 48.5 13.2 0.0 2.8 64.5 -7.6 56.9
Wind = Offshore 45 134.0 15.3 0.0 4.8 158.1 -11.4 146.7
Solar PV3 25 70.7 9.9 0.0 4.1 84.7 -18.4 66.3
Solar Thermal 20 186.6 433 0.0 6.0 2359 -56.0 179.9
Hydroelectric? 58 57.5 3.6 4.9 1.9 67.8 N 67.8

Levelized Cost and Levelized Avoided Cost of NMEGMAR20AAABRin the Annual Energy Outlook 2016; U.S. Ene?éy
Information Administration | AEO2016 Levelized Costs
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$1.40

S1.20

50.99

H1 2016 H2 2016E H1 2017E H2 2017E 2018E 2019E 2020E 2021E

N Module B Inverter & Skid mWEBOS SBOS ®labor MW Non-Labor Soft Costs
Source: GTM Research / SEIA U.S. Solar Market Insight
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50.80

s/ Wdc
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$0.40
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Average U.S. System Cost Breakdown by \E/ mcneginarmse
Market Segment, Q3 2015 AET e
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H Direct Labor B Design, Engineering, Permitting
m All Other®

Source: GTM Research / SEIA U.S. Solar Market Insight
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The price paid for long-term solar power purchase |17 e o

Levelized PPA Price (Real 2015 5/MWh)

5250

5200

5150

5100

550

50

agreement (PPA) contracts in 2015

) California
O Southwest

) Texas

- £ Southeast

lan-06

O Midwest

/ Alternativ Energiaforrdsok
/ Tudaskozpont

s -
[ ss0mw h 3 Sample includes 136 contracts totaling 9.1 GW .

4 of 5 regions now have projects
<550/MWh (Midwest <560/MWh)

Jan-0F -

Jan-08 -

PPA Execution Date

Robert Fares on August 27, 2016
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Price-Competitiveness Increasing in &/ weriicis
Tenders Globally, Q2 2015-Q4 2016 AT e
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& Avg. Bid Price (USD/MWh) = Auctioned Capacity(MWdc)  reoeeeee Power (Avg. Bid Price (USD/MWh))
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e Meéretgazdasagossag? Inverter hatasfok?
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New trends

Smart Modules:
The Next Generation of Solar

As the price of PV continues to drop, solar
energy becomes an attainable reality for more
and more homeowners, businesses and
investors.  However, despite = compelling
economics, some potential buyers are ineligible
for solar due to insufficient space or too much
shading. Enter smart modules: featuring
embedded intelligence, these modules increase
system flexibility, so buildings once considered
inhospitable to solar can now accommodate a
high-performing system. Smart modules also
raise  performance, increase  monitoring
capabilities and reduce safety risks. In short,
smart modules are proving to be the next
generation of solar.
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Effective Real-Time Performance Monitoring\amldsnecreiaiiic
Diagnostics of Individual Panels in PV Plandlg = *'emq fagictorae

P. Guerriero*, V. d’Alessandro*, L. Petrazzuoli**, G. Vallone**, and S. Daliento*

charge SuperCap
:'I> circuit ﬁ + DC/DC
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e power optimizer panel-level maximum power point
tracking

L
-

Power Optimizer Inverter Monitoring
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ﬂ Per-module Maximum Power Point \E/ wamiritiies
- Tracking (MPPT) AELT e

Cover with Cover for Standard
Power Optimizer Fixed Base Junction Box

Bypass
Connector
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Hagyomanyosan

e DC->AC

e MPPT

e Szinkronizalas

e Vedelem

Uj szerep

e Részvetel a primer szabalyozasban
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Fault
Active Power  Reactive Power,  Ride-
Generation Type Inertia  Control Voltage Control ~ Through
Conventional synchronous generation \ v y
DFIG wind turbine generator with partial power conversion y* y V V
Turbine Collector
Transformer BUS
T|¢
'ower Converter
Wind turbine generator with full-size power conversian JE | i V
Collector
PWM Converter Bus
= #
Turbine Grid
Transformer

|IEEE Power and Energy Magazine, March, 2017
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Fault
Active Power  Reactive Power,  Ride-
Generation Type Inertia  Control Voltage Control ~ Through
v v v v
Collector
PV Arra
Y Inverter Ay Bus
- Transformer
Grid
yv* v \ v
Collector
Plant Bus
LITT}- M
- —@
I_—T—-L Girid
Battery Storage
*synthetic rotational inertia-like response possible at any operating conditions.
**synthetic rotational inertia-like response possible if curtailed with headroom.

|IEEE Power and Energy Magazine, March, 2017
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Breaking news ALT ersiszessionsor

e Ukrajna Csernobilban kivanja megvaldsitani a vilag
,legnagyobb” napelemes er6muvét

e (Krim féelszigeten maradt jelent8s kapacitas)
e 12 km?

e 1000 MW
e Kinai egyuttmkodes
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Készonoém a figyelmet!
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