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Energy is everything
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What is energy?
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What is energy?

More than the “standard” concept

Hunter-gatherer

Fire
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What is energy?

First energy management
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Energy & human development
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Energy & human development

First energy optimization
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Energy & human development
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Energy & human development
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Fossil fuels
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Fossil fuels

Ocean Ocean
300-400 million years ago 50-100 million years ago

Present

Oil & Gas Deposits

Lignite
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New era

'i_ By-product gas releases through the pipe.
After dust removal, the by-product gas
is reused as a power source for steelworks

Raw materials pile up in rotation, floating in the
middle of blast furnace

€) Consistent hot blast (1200 'T)
into the furnace through tuyere

@) Molten iron, slag, \
and gas are created |

© Wolten iron and slag dissolve and drop to the
bottom of blast furnace
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New era

' Dan albone with his 1902 Prototype
“Ivel” Agricultural Motor
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New era
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8.000 soldiers
15 days

12 trains

1. 400 kilometres
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“Spoiling” energ
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Scottish Coalfields
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“Spoiling” energy
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Energy crisis & energy efficiency

Not new concepts

1973 oil crisis
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Energy crisis & energy efficiency

Arthur H. Rosenfeld: “father” of the

energy efficiency “The Rosenfeld Effect”

Though electricity use has risen sharply in the United States,
California’s per capita electricity use has remained relatively flat since
1973 because of the state's strict efficiency regulations. This leveling
is dubbed “The Rosenfeld Effect,” after physicist Arthur Rosenfeld who
has championed the energy conservation movement since the "70s.

Per capita electricity sales (not including self-generation)

In kilowatt hours per person
14,000 .

12,000

United States

10,000

8,000 A

6,000 California

“The Rosenfeld

4,000
Effect”

2,000

@ 1973
1960 1970 1980 1990 2000 2008*

Source: California Energy Commission MERCURY NEWS
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Adopted measures
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Adopted measures

Cogeneration Mid -19th 1882
century

Combinec 1940 1960

cycle

Heat pump 1855 1928
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Adopted measures
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Now — End of the fossil regime
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Geopolithics

Abastecimiento de gas a Europa
Principales rutas de abastecimiento
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Now — End of the fossil regime

Net electricity generation, EU, 1990-2021
(TWh)
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Source: Eurostat (online data code: nrg_ind_peh) eurostat¥@
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Now — End of the fossil regime

Data mnsump[in e, g]ﬂl}ﬂ]]y...

Video 0,000
rches
= 300,000,000
tonnes CO:

Source: Opcions magazine ¢
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Now — End of the fossil regime
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Techno-optimism

“The belief that technology plays a
vital role in solving the most pressing
threats to humankind”

‘Solar Energy Biomass Energy

Hydropower
Energy

Geothermal
Energy

Wind Energy
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Techno-optimism
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Techno-optimism

Basque Country — 1800 windmills

Necesidades materiales de cada molino SG170 - 6.6 MW (kg)
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Degrowth? — Elephant in the room
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More timber!
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Raiders of the hidden energy

Use every kJ.

THESSALONIKI - SUMMER SCHOOL 2023

oL,

33/49



Waste heat recovery
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Waste heat recovery

°C

150 - 600 °C
Fume in combustion
processes

100 - 150 °C
Steam from steam
generation plants

40 -90°C
Process facilities, drying

systems, cooling systems,
waste water heat/cooling
water

20-40°C
Ventilation systems

250 - 540 °C

Waste heat utilization

for generation of electricity
by steam processes

125 - 400 °C
Preheating of feed water
or combustion air

70 - 450°C

Waste heat utilization

for generation of electricity
by ORC-processes

125 -275°C
Production processes,
drying processes

80 -160°C
Cooling generation

75-125°C

Service water heating, heating
and warm water generation,

drying (and vaporization)

30-75°C
Preheating warm water,
preheating for heating
pumps
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Waste heat recovery

How we recover it? Depends on:

Mass flow rate / Amount of energy
Temperature of the waste heat
Involved substances (air/liquid/solid)
Accesibility to the source

Distance to the final use point
Nature of the final use

Coupling between supply and demand
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Waste heat recovery

4 examples to analyse:

J.' z l?_
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Waste heat recovery

o

enedi®a X

Universidad Euskal Herriko
del Pais Vasco Unibertsitatea

To design strategies that exploit this potential, it is
necessary to have data about the quantity and
characteristics of Industrial Waste Heat (IWH) flows.

Bottom-up methodologies to estimate that recovery

potential by means of key transfer figures are useful
tools within this field.
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Waste heat recovery

4 bottom-up methos in the bibliography:

Summary of the main characteristics of the four used methods.

Method 1 Method 2 Method 3 Method 4
Study’s original region Sweden Germany EU-27 UK
Company’s input data Natural Natural gas  CO» Natural
2as + diesel oil  emissions zas
+ diesel + diesel
oil oil
Year of the data <2002 2008 2010 2000/03
Tvpe of potential Technical Theoretical Theoretical Technical
obtained
Industrial clustering SNI 1992 NACErev2  Own Own
classification system
Number of used 23 22 6 7
industrial clusters
Discretization per No No No Yes

temperature levels

oL,
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Waste heat recovery

4 bottom-up methods in the bibliography:

QIWH,l — fM,l(Qnaturalgas + Qgiesel oil)

QIWH,Z — fM,Z(Qnatural gas + Qaiesei oil)

QIWH,B w fM,S - CO3 emissions

Jor
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Waste heat recovery

Key figures to define IWH from fuel consumption data in Method 1 in the Basque

Country (Miro et al., 2016).

NACE sectors
10,11, 12 0.067
13,14, 15,16, 18 0
17 0.031
19, 20, 21, 22, 23, 25, 26, 27, 28, 29, 30, 31, 32 0.096
24 0.2
Recovery efficiencies and carbon dioxide emissions factor by sector proposed by
Persson et al. for Spain (Persson et al., 2014).
Main activity sector Recovery CO, emission factor Combined f3;5
category efficiency [kgCO,/MWh] [MWh,/kgCO-]
Chemical and 0.25 225 0.0011111
Key Tra N Sfe I petrochemical
g Iron and steel 0.25 279.72 0.0008938
F | g ures Non-ferrous metals 0.25 231.48 0.00108
Non-metallic 0.25 246.96 0.0010123
minerals
Paper, pulp and 0.25 272.2 0.0009019
printing
Food and beverage 0.10 263.16 0.0003799

oL,
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Waste heat recovery

oL,

Temperature distribution of the determined IWH per sector.

Percentage [%] of the IWH calculated per sector

Main activity 100/ 200/ 300/ 400/ 500/ =>1000°
sector category 200°C 300° 400° 500° 10007
Chemical and 30 - - 70 - -
petrochemical
Iron and steel - 31 8.9 - 46.4 13.7
Non-ferrous 100 — - - — -
metals
Non-metallic
minerals
Paper, pulp and 100
rinting
Food and 100 - - - - -
beverage
Others 100 - - - - -

IWH Temperature
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Waste heat recovery

Bottom-up methods inputs:
e Company’s category

* Energy consumption

* CO, emissions

https://en.prtr-es.es/

Bienvenidos @
* 'S commie  MeesTmNe - Registro Estatal Welcome Search...
* i’% DEESPANA  PARA LA TRANSICION ECOLOGICA U J P RTR de Emisiones Benvidos
N Y EL RETO DEMOGRARICO 2 3 s Espaia y Fuentee Contaminantes Benvinguts AREA DE MIEMBROS @
Ongi etorn

A ® ad 2 @
Home Public information « Facility inventory Downloads « Documents s Know more v

You are in |PRTR Espana > Home
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Waste heat recovery

10

IWH potential [TWh/year]
L
/A

IR\

A Method1l ®Method2 B Method3 [[@AMethod4

Fig. 4. Estimated IWH recovery potential for the 126 companies that offer both

input data, calculated by each method. Striped columns for technical potential,
plain for theoretical.
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Waste heat recovery

IWH Recovery Potential (M4)
0
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12500- 27500
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Waste heat recovery

oL,

4 c0 il

Contents lists available at ScienceDirect . Cleaner
on

Journal of Cleaner Production

journal homepage: www.elsevier.com/locate/jclepro

Evaluation of the theoretical, technical and economic potential of industrial | ===
waste heat recovery in the Basque Country

Pello Larrinaga™ , Alvaro Campos-Celador °, Jon Legarreta®, Gonzalo Diarce ®

* ENETN Research Group, Dpto. de Ingenicria Energética, Escuela de Ingenioria de Bilhao, Univerzity of the Basque Country - UPV/EHU, Rafael Moreno Pibdbd 2, 48103,
" ENED Research Group, Dpto. de Ingenicria Energética, Escuela de Ingenicria de Gipuskoa (seccitn Eibar), University of the Basgue Country - UPV/EHU, Av. Otaolo
29, 20000, Eibar, Spain

P AV _@° V™ (9%
oo P o
3‘%“00@ g &
©

Fig. 5. Basque Country IWH recovery potential distribution by temperature
ranges, obtained by Method 4, and number of companies that generate IWH
flows at those ranges.
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Waste heat recovery

Further work: design of district heating networks in
built environments fed by Industrial Waste Heat using
GIS.

Case study in Vitoria-Gasteiz, Spain
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Waste heat recovery
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Group 1 Group 2
Ghita Mariia
Vasilina Chadi
Muhammed Talha Tasneema
Akeem Syed
Lisa Richard
Justas Paulius
Vytantas Lina
Group 3 Group 4
Elina Sergei
) Qasem
Farida :
Navel Fakhriy
el Jannatul
Kamrul : :
: Victoria
Moontasir
e Asham
: Paul
Ml Aristeidis
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