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Introduction
» The links among climate warming, decarbonization and climate adaptation

Anmoepherc CO2 « Solar Enavgy « Global Temperture Snos 1580

The increment of CO, concentration in
the atmosphere is the main cause of
climate warming, much evident after
the middle of the past century.

Global CO2 emissions from fossil fuels and land use change -
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Emissions from fossil fuels
combustion (in engines, power __
plants, and industrial process) N

are the main cause of the

rising CO, concentration in the
atmosphere, and therefore of . s Y

climate warming. —— e
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Introduction
» The links among climate warming, decarbonization and climate adaptation

Annual CO2 emissions from fossil fuels, by world region B8 Decarbonization is the main strategy
to reduce climate warming and allow

™ us an easier adaptation to future
climate conditions.
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Decarbonization implies the production of
a huge amount of energy (for industry,
transport, and buildings) without the usage
of fossil fuels (natural gas, oil and coal).
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Technologies for RES conversion

« Solar
 Wind
* Hydro SOLAR" A L
. Geo 23,000 per year ry
) :z:)

 some recent , Favcim

opportunities under

development: i

* deep rosam 12

geothermal

« wave energy
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Technologies for RES conversion: Solar thermal

Flate-plate solar collectors are among the
simplest solutions

1.

Sunlight: Sunlight travels through the glass

and hits the dark material inside the collector,

which heats up.

Heat reflection: A clear glass or plastic casing
traps heat that would otherwise radiate out.
Circulation: Cold water or another fluid
circulates through the collector, absorbing
heat.

Losses: Some heat is lost because radiation
cannot be completely eliminated. In addition,
convection and conduction allow heat to
leave the hot collector and reach the colder
surrounding air (T°).

Efficiency (n): It depends on the temperature
difference between the hot collector and the
colder air (T°). X is this difference divided by
the solar irradiance.

The higher the temperature

required by users, the lower the
efficiency of the solar collector!
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Technologies for RES conversion: Solar thermal

The physical phenomenon governing heat-trapping and heat losses are qualitatively the same
for all kinds of solar thermal collectors.

Very hight temperatures can be obtained by introducing Solar CONCENTRATION technology.

This kind of technology is necessary
for feeding a thermal power plant, and
it will be required for replacing fossil

fuels in high-temperature industrial
processes!
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Technologies for RES conversion: Solar PV

« Solar PV is the most popular technology for RES conversion. The huge effort toward high-
efficiency and low-cost solar cells is evident from the famous NREL diagram.

« Losses in cell connection, panel wiring, and power conditioning (to produce AC from DC) have
to be considered for evaluating Power plant efficiency: 23.3% =) 18-20%!

Best Research-Cell Efficiencies INREL
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Technologies for RES conversion: Wind

Rotor power coefficient Cy,

Modern wind turbines
- Kdeal Cp Idepl turbine L.
T 1 . Thooretica Jower coumt Sl rarber o ecer.. have an «efficiency»
A - (power coefficient) as
iy :
/ ~ K high as 50%: very good!
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« Large diameter (150 m, or more!), . v
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Technologies for RES conversion: Hydro

Hydropower is the oldest industrial technology
for RES conversion:

« The source is in form of potential energy,
allowing for very high efficiency.

Other
renewabies

Salar

Renewable energy generation, World
6,000 TWh

Wing

* New, big Hydro power plants 5,000 TWh
could be built only by blocking
the course of a river and
converting a valley into an 3. T
artificial lake.

 Even if CO, emissions are

about zero, the environmental . . 1.
impact of this kind of plant

0 TWh

may be Very blg 1965 1980 1990 2000 2010 2021

4,000 TwWh

2.000 TWh Hydropower
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Technologies for RES conversion: Geo

The internal heat of the Heart is a big RES

« Unfortunately, only low-temperature energy
(20°-120° C) is generally available at a depth of
hundred meters.

* Very few sites have a source of hot water or
steam.

« Recently, drilling technologies derived from oil
extraction, allow water to be injected at a depth
of 1000-2000 m, extracting heat at a
temperature of about 100°-200°C and even
more.
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Technologies for RES conversion: Ultra-deep Geothermal

IMillimeter Wave Dirilling System

A combined approach

And real-time mmots Sagnastica
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New drilling technologies, only
very recently available, combine
different strategies with micro-

waves, or plasma and claim to
reach a depth of 10,000 m, and
more!

A very important result:

» The temperature of the
extracted heat would be about
500°C, or more, the same as
coal-fed thermal power plants,

* The heat production would
become independent of the
geological characteristics of
the site,

 The wells could be placed
where old thermal power
plants already exist, taking
advantage of the existing
electric facility.




Technologies for RES conversion: Wave energy

Waves on the sea surface represent a force field: even if the
displacement of a single point on the surface is small, the whole field

contains a lot of energy!
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Buoyant bodies follow Waves transport water Periodic vertical movement
wave movement on higher energy level of water surface drives air
Several concepts for Energy capture via low turbine
power take-off head water turbines Currently two concepis
Shore-line
Breakwater
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Technologies for RES conversion: Wave energy
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“Electrification”
The main RES conversion technologies do not produce directly any fuel, but:

« heat (for «local» use, or storage), like solar thermal, or geothermal,

 electric power (easy to transport, but difficult to be stored) like solar PV or wind
turbines.

If industry, transport, and buildings have to be fed by RES, to obtain the
decarbonization of these sectors implies that they have to be maily operated with
electric power!
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“Electrification”
The main RES conversion technologies do not produce directly any fuel, but:

« heat (for «local» use, or storage), like solar thermal, or geothermal,

 electric power (easy to transport, but difficult to be stored) like solar PV or wind
turbines.

If industry, transport, and buildings have to be fed by RES, to obtain the
decarbonization of these sectors implies that they have to be maily operated with
electric power! The “electrification” means, for instance:

« All buildings that cannot be heated by a thermal solar system, must replace their
gas boilers with electric HEAT PUMPS,

« All Cooking processes must use induction (or ohmic) heating devices,

 All transport systems must be electric, trains (easy), cars (ongoing) ships (not so
easy) aircraft (difficult)!

* All heat required by the industrial sector that cannot be produced by a thermal
solar system, must be produced by electric HEAT PUMPS (it is possible for
temperature up to about 200°C) or ohmic/infrared heating devices (possible, but
generally not efficient).
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“Electrification”
The alternative could be producing a “green fuel” by using electricity from RES.

It may be H, or NHs.

: Cars: direct electrification most efficient by far
In general, such an alternative Dot abeciaticn iydrignis Posserite-Uquid (losel PowerisoNeild (ootiel
105¢ 2020 0

is not efficient, because each 2020 070

energy conversion process

implies some energy losses.

Electrolysis

CO_ ab-capture and
FT-syathesis

Wollto tank

Nevertheless, it is expected to

be unavoidable in some i _-_‘[

specific applications, like a 'v-'w“:t:,:; 94% 68% 559%, 55%
long-distance ships or airplane chargoy

rguipment

transport. Battary

charge effitieacy

Therefore, High-temperature g s

HEAT PUMPS and chemical

processes for producing H, or '
NH, are further essential
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The crucial role of energy storage technologies

wo T @ Without any storage system
:;g‘ . D=1150 MWh/day

110.L - S=940 MWh/day
100 -

E 90%

= g0 . Direct use of solar = 760 MWh/day

. ;gF | Solar overproduction = 180 MWh/day
50- / . Integration required = 390 MWh/day
o *
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The crucial role of energy storage technologies

150 1=t
140,
130+
1205
110!
100+

3 90+

= 8o

o 70!
60+
50+
40{
30|

Without any storage system
D=1150 MWh/day
S= 940 MWh/day

Direct use of solar = 760 MWh/day

Solar overproduction = 180 MWh/day

Integration required = 390 MWh/day
(34.0% of Demand)

- With an ideal storage system
01234567809 1011;‘2131415161718 192021222324  Direct use of solar = 760 MWh/day
Solar overproduction = 0 MWh/day
Solar from storage = 180 M\Wh/day
Integration required = 210 MWh/day
(18.3% of Demand)

The energy storage technologies are expected:

« Eliminating overproduction (curtailment),
* Reducing integration of local RES production.
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The crucial role of energy storage technologies: some alternatives

Electro- Mechanical Bulk

Chemical Mechanical

Bulk Chemical
Gravitational (H2 NH3)

-
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The crucial role of energy storage technologies

ESS Type UPS T&D Grid Support Bulk Power Mgt

Power Quality Load Shifting

Pumped Hydro
Compressed Air
Lithium-ion Battery
Zn-air Battery

ow Batteries: Zn-Cl Zn-Air Zn-Br
PSB New Chemistries

NaS Battery
Advanced Lead-Acid Battery

Hours

Redox Flow Batteries
Hydrogen Storage

High-Energy
Supercapacitors NaNiCl, Battery

Ammonia Storage =
" Li-lon Battery

Reversible Fuel Cell Lead-Acid Battery

Super Magnetic Storage

Super Capacitor
High-Power Flywheels

Discharge Time at Rated Power
Minutes

Hot Water Storage

Molten Salt Thermal Storage High-Power Supercapacitors m

Seconds

1kW 10 kW 100 kW 1MW 10 MW 100 MW  1GW
System Power Ratings, Module Size
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The crucial role of energy storage technologies

4 Mechanical

ESS Type / Technical Maturity Efficiency Ranges (%)

Pumped Hydro Mature 65—85%

Compressed Air Developed 40—-65%

Li =fon Battery Mature 85—95%

Zn-air Battery R&D Demonstration -50%
Commercial

Redox Flow Batteries Developed G0—-85%

Hydrogen Storage R&D Demonstration 30-70%
Commercial

Ammonia Storage R&D Demonstration 30-70%
Commercial

Reversible Fuel Cell R&D Demonstration 50-70%
Pre-commercial/commercial

Super Magnetic Storage R&D Demonstration 90-95%
Pre-commercial

Super Capacitor R&D Demonstration 90-95%
Pre-commercial

ot Water Storage R&D Demonstration 20-90%

Commercial

Molten Salt Thermal Storage R&D Demonstration 30-95% B — =
Commercial o —

\

Thermal

. N

7. 4\\\ UNIVERSITA
x,, DEGLI STUDI
/ DITRIESTE

/;1-1»

Prof. M. Reini: Technologies for the energy transition

3

TNl
Wowr our




“Interconnection” among different geographical areas

vvvvv
I I I |

The electrical interconnection
between 2 different areas can
also help decarbonization.

Let’s consider two areas with
similar Demands and similar
availability of solar energy,
but with a time delay of only 3
hours.

D, D, [MW]

By comparing the two areas
alone and the set of the two
with interconnection, it

Y

| 1

appears immediate|y that: 01234567 8 91011121314 151617 18 192021 22 23 24
h

* In the morning, there is a time interval when the excess solar production by area 1
(in black) can be directly used by area 2(in blu), without storage.

» The opposite happens in the afternoon when area 2 has still an excess of solar
production to be sent to area 1, where solar energy is not enough for its demand.
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“Interconnection” 2801
270

By combining the two diagrams in. 20:

. ) 250
a single one: bk

230}

210}

CJ140—
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“Interconnection”

By combining the two diagrams in
a single one:

Without interconnection
D=2300 MWh/day
S= 1880 MWh/day

Direct use of solar = 1520 MWh/day g’m?
Solar overproduction = 360 MWh/day 69150
Integration required = 780 MWh/day el

(34.0% of Demand)

With interconnection (no losses)
Direct use of solar = 1630 MWh/day
Solar overproduction = 315 MWh/day
Integration required = 670 MWh/day
(29.1% of Demand)

Baliilisesd

o o

The integration of areas with different '

Demand profiles and different RES is 01234567 89101112131415161718192021222324

expected to be even more favorable! h
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“Interconnection” among different geographical areas
* Desertec project

o Solar Thermal
Power Plants

b. Photovoltaics
€ wind
L7 Hydro
Biomass

To make possible this kind of interconnection, also very-high-voltage power lines have
to be developed (VHVDC, possibly superconductive power lines), to reduce losses.
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Integration of energy production and recovery technologies

Not only electric interconnection is positive. The thermal integration of
different users/producers can be also very useful. In addition, other
technologies may be considered:

« Thermal energy recovery from industrial processes,
« Cogeneration of heat and power with engines,

* Production of chilled water for air conditioning from low-temperature
heat (absorption chiller),

« Electric energy production from waste heat,
 Production of bio-fuels from residual biomass, or urban waste,

« Production of synthetic fuels from electric power.

All these technologies together allow a lot of integration options that
can be exploited, in order of reducing thermal dissipation and RES
curtailment.
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Integration of energy productlon and recovery technologies
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Is the energy transition possible?

The average LCOE of all renewable power generation technologies is reducing and
falling in the fossil fuel cost range in 2020.

Blcmass Geuthermal Hyaro Solar Concentrating Offshora Qnshore
Photovaltaic solar power wind wind
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Is the energy transition possible?

The same for storage technologies: US utility-scale battery costs fell 71% between
2015 and 2018.
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Is the energy transition possible?

In the last 10-15 years, the energy use per person is also declining, in particular in
Europe (EU-27).

Energy use per person

Energy use not anly includes electricity, but also othar areas of consumption including transpaort, hesting and

cooking

50,000 kWh
Garmany

40,000 kWh »/Ff':mcs
European Union (27)
Spain

30,000 kWh Italy

20,000 kWh

10,000 kWh

0 kWh T T
1965 1980 1990 2000 2010 2021
Source: Qur World in Data based on 8P & Shift Dats Portal QurWeorldinData.orgianaergy « CC BY
Note: Energy refers 1o primary ensrgy — the anargy input befare the transfarmation to forms of anergy for and-use {such as electricty or petrod for

lransport)
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Is the energy transition possible?

The LUT model extrapolates these trends and performs an economic optimization of
the energy technology mix, with their interconnections, year-by-year, up to 2050.

Renewable energy sources

« PV rooftop res, com. mp) B 1 o ‘«9 -'¢!"

+ PV ground-mounted

« PV single-axis tracking _ﬂr
* Wind onshore/ offshore A
* Hydro run-of-river e -

* Hydro dam

A anane » .ﬁ. ‘ ‘%‘
. gggthemalenergy } /r;_/ : \’$ :

. V\!aste-to-energy i _,t | ==

+ Biogas I ﬂ e | | O O-@) || S || 8

« Biomass

Electricity transmission = TN ! i /
« node-internal AC transmission | Y J l g~ -

interconnected by HVDC lines
Storage options {j -
+ Batteries

« Pumped hydro storage * &
+ Adiabatic compressed air storage| = @
« Thermal energy storage, Power-to-Heat

+ Gas storage based on Power-to-Gas Energy Demand
+ Water electrolysis + Electricity SIS
. GO, homs : MatarDosl i 7 CARBON
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Is the energy transition possible?
* The electrification implies a double

of electricity generation from 2020
to 2050.

1+ The electricity sector is completely
decarbonized by 2050.

« Solar PV supply share in 2050 at
-+ about 70%, as least cost.
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“Interconnection” among different geographical areas

A strong interconnection among the European Countries is required by the LUT
model to achieve a carbon-free and convenient electricity generation.
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CONCLUSIONS

Decarbonization is the main strategy to reduce climate warming and allow us an
easier adaptation to future climate conditions.

Solar thermal collectors could play a role in replacing low-temperature gas boilers.

Concentrating solar technology is expected to feed thermal power plants and replace
fossil fuels in high-temperature industrial processes.

Wide wind farms located offshore, will be installed in the next 30 years, because of
their efficiency. Nevertheless, Solar PV supply is expected to share in 2050 at about
70% of electricity production, because of the least cost.

Ultra-depth geothermal and wave energy conversion claim promising performance.

In view of a fully decarbonized society, the role of energy storage technologies will be
crucial, together with the “interconnection” among different geographical areas and
the integration of different energy production, or recovery technologies.

High-temperature HEAT PUMPS and chemical processes for producing H2 or NH3
are further essential technologies for achieving decarbonization and allowing
mitigation of climate warming.

According to the models, the transition is possible and could be completed by 2050.

2 DEGLI STUDI Prof. M. Reini: Technologies for the energy transition
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