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Learning outcome of this session

Understand system level Connect the need for thermal
approach to thermal energy energy storage create by both
storage between Power plants, RES-Electricity and RES-Heat
Industry, Community and
building level
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How do we create heat right now?

Heat Pumps

Combustion power plants

Excess heat from
process industry

What is the size of
the boxes?

Aalto University Annukka Santasalo-Aarnio
School of Engineering

6



Peer discussion

How do we create heat




RES-electricity
RES-heat




Basis in Thermodynamics

1st Law: Energy is neither created
nor destroyed during a process.

Energy Conversion from one
form to another.

Exergy is the energy that is
available for use.
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Heat from Combustion

* Our heat production
focus on combustion
processes

* Robust, well known
technology

* Reliable investment

From Coal to Biomass e Fuel cost???
By Gemco Energy
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Combined heat and power

>80%

When thereis a
change in the
electricity production

COMBINED HEAT
AND POWER

70-80%

60-70%

-> Where is the heat
then produced?

40-50%

POWER PLANT

Generation Efficiency

30-40%

Association of Decentralized Energy
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What possibilities do we have in the RES?

SUN
Wikipedia
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Solar Technologies

Solar
Photovoltaic

* Low efficiency 10-30%
* Wide use
* Expensive materials
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Solar conversion to electricity:

efficiency
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Solar Technologies

Solar
Photovoltaic

* Low efficiency 10-30%
* Wide use
* Expensive materials

efergy.com

Solar Heat

www.zenenergy.com.au

Higher efficiency (40-70 %)
Limited use
Cheap materials

Hedigtane
Traugh Tower

commons.wikimedia.org

A Sahool of Eamcering Concentrated Solar
Power (CSP)

Higher efficiency (25-60 %)
Targeted use [high temp.]
Cheap materials
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Using the heat of the Sun
Is that a new thing?

Wikipedia
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Where can we use solar heat?

Food Processing
N\ Cooking

\ Process heat pasteurization

Thermal Fluid Heating
\ > Temperature
Control
Heating/Cooling
) >Water purification
y > Electricity

/ Photovoltaics :
Drying

/ Crop/waste

/ >Chemical Reactions
Photoelectrocatalysis

Storage Photolysis
Sensible heat :
Photocatalysis

Latent heat

A
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What are the heat levels obtained from Sun?

Solar Furnace -

Concentrated Solar
French Pyrenees

Solar Heat Power (CSP)

www.zenenergy.com.au

Up to 100 oC

From 200 - 800 °oC

Up to 3 500 oC
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Can we go industrial?

Receiver 22.7m? (Intratec, Saint

Tower 60m (Zablin) - SOL2HYs project
2150 Heliostats 4 8.2 m* (SHP/AUSK . : 2020
therm. Storage 1h ‘ ‘ Horizon

Turbine 1.5 MWe (KKK-Siemens)

Full capacity hours: ca. 1000 h (Storage)
Electricity Production Energie 1350 MYWh/a

LIy -1

Coated on SiSiC honeycomb

Aalto University Annukka Santasalo-Aarnio
School of Engineering

19



From Wind to heat - directly

1. Intermittent Input
\ 2. Heat Generator

4. Stablllzed OUtDUt Efficiency n1 — Efficienc 243hours
W) - I_Lr]l Output
P AcioC JJ £ ’[ociac ) X(KW)

Electric
Generator

Battery (kWh)

Efficiency n2 (24-a) hours

. 24 hours
g Efficiency n2 Efﬁci‘énc 3
<] i - ﬂ I‘ ﬂ Output
o Turbine E. Gen. X(kW)

Heat
Generator

T. Storage (kWh)
Efficiency n1 (24-a) hours

~N N
Adjust with wind Adjust with demand

Comparison
Wind + battery (upper)

Toru Okazaki et al. Concept study of wind power utilizing direct thermal energy

conversion and thermal energy storage. Renewable Energy 83 (2015) 332. Wind + TES (| Owel’)
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From Wind to heat — through conversion

Office builldings. Wind lurbinas
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. e hal weler slorage tanks

Qinlricd hosling nabesork k
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&
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Excellent Reading Material from Finland (in English):
http://smartenergytransition.fi/fi/julkaisut/publications/

A
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Geothermal heat production (ST1, deep)

Nordberg, J. and Rask, M.; Suomen
ensimmainen geoterminen lAmpdvoimala
Otaniemessa, Case Study, Finnish
http://urn.fi/{URN:ISBN:978-952-60-8949-2
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GTK, CLC RePowerEU webinar, 1.4.22
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Geothermal heat production (shallow)

Renewable heating power of ground 1M [W]

9600
8700
7900
7100
8300
5500
4700
3900
3100
2300
1400

water

GTK, CLC RePowerEU webinar, 1.4.22
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Peer discussion

What renewable options do
we have for
heat production?




What other heat sources we
can have?




Industrial excess heat

PW Gas Oy
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Municipal Waste to heat

In Vantaa — operated all year, heat
all year around
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Low temperature heat sources

Data Centers

Role of Heat Pumps?

Lighting
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Circular Economy vs. Energy

Exploration Mining Physical
Processing

Dismantling, Extractive
Re-Mining Metallurgy

Circular
Economy

Production

Complementary to Helmholtz
Institute. Director prof. Markus
Reuter
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Timescale
Intermittency




Heat available -> how to prolong it with
storage — Short term

10
——— Load (kW)
na
— Solar (KW A7) e —
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Vinayagam Arangarajan et. Al. Optimum design and analysis
study of Stand-alone residential solar PV Microgrid. Conference
Paper (2014), DOI: 10.1109/AUPEC.2014.6966522
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Heat available -> Seasonal Storage

Average Daily Light Energy Through Year (London)

Direct Irradialion (Sun) EI Diffuse |rradiation (Sky) D
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The size of the storage

Jan Feb Mar Apr hiay Jun Jul Aug Sep Ok Nigw [Oec

Source; World Irradiation Database
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What Is your take home

message from today?




