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What is energy?

“It is important to realize

that in physics today, 

we have no knowledge

what energy is.”

R. Feynman

1.
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Energy is defined as the ability
or the capacity for doing work.

Foto di Germina Giagnacovo

Energy is everywhere

Energy exists

under different

forms

Foto di Germina Giagnacovo

Foto di Germina Giagnacovo
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Forms of energy

“Energy cannot be created or destroyed, it only can be 

transformed from one form into another.”

focus

2.
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ENERGY and HEAT
Heat is one of the most important forms of energy: first of all, maintaining a precise body 

temperature is of vital importance to us. From the point of view of technology, heat is involved 

in many energy transformations.

Heat is a form of energy

(first principle of thermodynamics):

Thermal Energy

Thermal Energy cannot be entirely converted into mechanical energy (second principle of 

thermodynamics): any heat engine that transforms heat into work has an efficiency less than 1.

Thermal energy is connected to random oscillations of atoms and molecules, 
whose macroscopic manifestation is temperature
For a body of mass “M” the transfer (loss or gain) of  the amount “Q” of T.E. 
causes a temperature variation 

Q = M c ΔT
Specific heat “c” is a property of the substance that constitutes the body

Thermal Energy2.1
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Measures of energy

o Energy (electrical, thermal and mechanical) is measured in 
joules (J).

o Thermal energy is also measured in calories: 1 cal = 4.184 J.

o Power is the rate at which we do work.

o It is measured in watts (W): 1 W = 1 J per second.

Other units of power include

o BTU per hour (BTUs/h) ≈ 0,3 W

o Horsepower (hp) = 746 W

o Calories per second (cal/sec)

o kilowatt (kW) = 1000 watts

2.2
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General Energy Conversion Factors

TO TJ Gcal Mtoe MBtu GWh

FROM Multiply by

Terajoule (TJ) 1 2.388x102 2.388x105 9.478x102 2.778x10-1

Gigacalories

(Gcal)

4.187x10-3 1 1.000x10-7 3.968 1.163x10-3

Million tonnes of oil 

equivalent (Mtoe)

4.187x104 1.000x10-7 1 3.968x107 1.163x10-4

Million British

Thermal Units

(MBtu)

1.055x10-3 2.520x10-1 2.520x10-8 1 2.931x10-4

gigawatt hour

(GWh)

3.600 8.598x102 8.598x10-5 3.412x103 1
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Sources of energy

Image:

http://greenplanetethics.com

Non renewable energy: Energy sources that we are using up and 
cannot produce in a short period of time.

3.

Renewable energy: Energy sources that replenish on a time scale 
compatible with our needs.
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Advantages of renewable energy use

o Less dependence on fossil fuels.

o “The Coal will be able to meet demand for 100 years, 
while oil will start to be insufficient already in 40 
years” (International Energy Agency). 

o Less greenhouse gas emissions.

Climate and energy package   20 20 20

Cutting:

o 20% of greenhouse gas emissions (compared to 1990 levels)

o 20% of the energy needs derived from renewable sources

o 20% improvement in energy efficiency.
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ENERGY EFFICIENCY

o Energy efficiency is key to ensuring a safe, reliable, 
affordable and sustainable energy system for the 
future. It is the one energy resource that every
country possesses in abundance and is the quickest
and least costly way of addressing energy security, 
environmental and economic challenges

o (IEA, 2016)

4.
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We can summarize in the “energy trilemma”:
energy security, energy equity, environmental sustanaibility at worlwide level.

Major factors that drive energy efficiency are: 
population growth, uneven distribution of energy resources, climate changes.
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Multiple benefits of energy efficiency

IEA, 2014
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EU Strategy on Heating and Cooling
2016

4.1

Heating and cooling consume half of the EU's energy and much of it is wasted
Developing a strategy to make heating and cooling more efficient and sustainable is a priority for the 

Energy Union. It should help to reduce energy imports and dependency, to cut costs for households 

and businesses, and to deliver the EU's GHG reduction goal and meet its commitment under the 

climate agreement reached at the COP21 climate conference in Paris.

Heating and cooling sector is moving to clean low carbon energy
At the moment, 75% of the used fuel still comes from fossils (nearly half from gas). 

Security of supply remains a priority, especially in Member States that rely on a single supplier. 

Heating and cooling and the electricity system can support each other in the effort  to decarbonize.  

This strategy provides a framework for integrating efficient heating and cooling into EU energy 

policies by focusing action on stopping the energy leakage from buildings, maximizing the efficiency 

and sustainability of heating and cooling systems, supporting efficiency in industry and reaping the 

benefits of integrating heating and cooling into the electricity system. 

Industry can move in the same direction, taking advantage of the economic case for efficiency and 

new technical solutions to use more renewable energy.
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Primary energy for heating and cooling, 2012
(EU strategy for heating and cooling 2016)

Due to EU targets for 2020, renewable energy is growing. Most member States are on the right way 
to achieve these targets (according to the National Renewable Energy Action Plans). 

The Commission will propose at the end of 2016 a bioenergy sustainability policy, which will 
take into account the impact of bioenergy on the environment, land-use and food production. 

Biomass is the most widely used renewable energy for heating today, representing some 90%.

15
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Final energy consumption for heating and cooling 
in the EU 28 (2012)

Energy for heating and cooling in the EU is:
• 45% is used in the residential sector,
• 37% is used in industry
• 18% is used in services 
a quarter of the EU's final energy consumption in 2012 was in industry
73% of this is used for heating and cooling

. 
eu strategy cooling and heating 2016

European industry has cut its energy intensity twice as fast as the US since 2000. The improvement rate is steeper in energy intensive sectors: i.e. The chemical 
sector halved  its energy intensity over the last 20 years. The reason is clear: energy is an important cost. By putting a price on CO2 emissions, the EU Emissions 
Trading Scheme has provided an incentive to use low carbon fuels and to invest in energy efficiency. 
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ENERGY EFFICIENCY EVALUATION 
IN INDUSTRY

“The measurement of the energy efficiency of a 
system or process is an essential step towards

the control of the energy consumption and 
energy costs”  

(Giacone and Mancò, 2012).

5.
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Energy Efficiency

Energy 

Conversion 

Device

Energy Input

Useful Energy 

Output

Energy Dissipated 

to the Surroundings

InputEnergyTotal

OutputEnergyUseful
Efficiency 



1904-05-2018

POWER PLANT ENERGY FLUX

10.26 Wh= 35 BTUJust an example
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ENERGY EFFICIENCY EVALUATION
IN INDUSTRY

1) THERMODYNAMICS INDICATORS
(The input and output is measured in thermodynamic units).

Three  different indicators are described:

A) Enthalpic efficiency indicator (also referred to as thermal efficiency or first-law efficiency) 
presents energy efficiency as shown in equation: 

Useful energy output/Total energy input
The heat content is measured in terms of enthalpic change values. 
The difference between energy input and energy output is the energy that has been lost. 

B) A second indicator is used to adjust for energy quality in order to support comparisons. 
For  example, when we want to compare two technologies using different types of 
energy inputs with different properties, the energy input is converted to common quality units
representing work potential.

C) A third approach, called second-law energy efficiency, is obtained by dividing the actual enthalpic
efficiency by an ideal efficiency. Therefore, the most efficient possible process has an efficiency value of 
1. 

5.1
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o 2) PHYSICAL-THERMODYNAMIC INDICATORS

o The input is measured in thermodynamic units and the output is measured in 
physical units (e.g. tonnes of product). These indicators are the most
commonly used in industry comparison and benchmarking. For example, in 
milk industry, pasteurization of 1000 L uses 25 kg of steam.

o 3 Economic-thermodynamic indicators: the input is measured in 
thermodynamic units and output is measured in terms of market prices.

o 4 Economic indicators: entirely economic indicators where input energy and 
output service are both measured in monetary terms according to market 
values. They relate to the economic productivity of  energy.

ENERGY EFFICIENCY EVALUATION
IN INDUSTRY
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o IN AGRO-FOOD INDUSTRY, THERMAL PROCESSES ARE AMONG 

THE MOST ENERGY INTENSIVE ONES.

o THE PROCESSES THAT REQUIRE THERMAL ENERGY INCLUDE:

• Hot water or steam demand processes

• Drying and dehydration processes

• Preheating

• Concentration

• Pasteurization, sterilization

• Washing, cleaning

• Chemical reactions

AGRO-FOOD INDUSTRIAL PROCESSES 

REQUIRING THERMAL ENERGY
6.
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AVERAGE THERMAL ENERGY CONSUMPTION 

IN AGROFOOD INDUSTRY

(for orange juice production)

Thermal and electrical energy consumption for processes in the orange juice manufacturing 
(elaboration from a sample of specific enegy audits and from Waheed, 2008).

D.3.6 Extended Value Stream Maps of NACE 10.3: Fruit juices and purees and tomato concentrates (www.scoope.eu).
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AVERAGE 
CONSUMPTION FLOWS 
OF THERMAL ENERGY 
IN THE UPPER PART OF 
THE GRAPH AND 
ELECTRICITY IN THE 
LOWER ONE, IN 
ORANGE JUICE  
PRODUCTION.

D.3.6 Extended Value Stream Maps of NACE 10.3: Fruit juices and purees and tomato concentrates (www.scoope.eu).
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Average consumption flows of thermal energy (on the right) and electricity (on the left) in tomato 
concentrate production (data elaboration from specific energy audit information

D.3.6 Extended Value Stream Maps of NACE 10.3: Fruit juices and purees and tomato concentrates (www.scoope.eu).
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Pasteurizator tubular
for fruit juice, milk, wine and beer
Flow rate from 500 to 30,000 lt/h 

http://www.etaitaly.com

PASTEURIZATION
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AGROFOOD ENERGY EFFICIENCY IN ITALY 

(SOME CASE)

USING BEST AVAILABLE TECNOLOGIES (BAT )

(years 2005 – 2015)

Source : RSE S.p.A.
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Energy Efficiency in italian agrofood industry per sectors
(years 2005-2015 )

Ricerca di Sistema Elettrico, RSE   S.p.A
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Energy efficiency in Agrofood industry
Waste heat recovery

Co-generation

High efficiency boiler

Statistics of
139 energy
efficiency
initiatives in 
italian agro -
food industry
(2005-2015)

Ricerca di Sistema Elettrico, RSE   S.p.A
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EXPECTED ENERGY SAVINGS 
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AGRO-FOOD INDUSTRY
investment costs

ROI (y)

Ricerca di Sistema Elettrico, RSE   S.p.A
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Proposals to Improve Efficiency Energy in the Agrofood Industry

Field of application Alternative technologies

Waste heat recovery

- Exhaust water heat exchanger, 

washing and drainage cycles

- Heat exchangers for exhaust gas of 

dryers and boilers

- Heat recovery from vapour

condensate

- Heat recovery from workplace 

ambient air

More rational use of process 

and service machines

- Use of more efficient electric motors

- The use of more efficient transformers

- Inverter installation for electric motors

- Automatic /centralized control of users

Interventions on plant

(sustainable

technologies) and 

structure (thermal

containment)

- Solar cooling in air conditioning

- Photovoltaic power generation

- Use of biomass boilers for heating

- Thermal insulation of the storage 

spaces and the heat distribution 

system

- Improving energy performance of the 

building envelope

- Supervision through energy 

management, software for 

machineries, processing and storage 

units
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Example of intervention 
for improving energy efficiency

Cogeneration plant in rice production 

o The company produces energy from biomass: dedicated energy crops and 
agricultural residues (mainly from the rice factories of the group.

o (The cogeneration plant went into operation in year 2003).

o Recovered heat is used for the rice production process while electricity is sold to
the public network.

o The production process is a large state-of-the-art high-tech plant which
concentrates the most modern and efficient solutions in the food industry. 

8.
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A case of plant cogeneration

applied to rice processing

o The entire process minimises the production of wastes; all the by-products of the rice
manufacturing process present a further utilisation:

• rice husks and straw as biofuel for the cogeneration plant;

• rice chaff, which is composed by the fatty external layers of the raw rice

• grain, are the raw material for rice oil production;

• the white rice broken grains are used to produce puffed rice grains

o The by-products amount is nearly 40% (in mass) of the input raw material.

o Through a strict quality and efficiency control of every production phase and a totally new 
production lay out, the industry is able to run a “zero waste” operation.

The input biomass comes from the rice production process (rice husks and straw); this biomass is
integrated by wood chip fuel from dedicated energy crops (white poplar).
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Plant scheme

Eubionet project
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Main plant components/areas

• Storage area (the area where the biofuel is stored and pre-
processed);

• plant feeder;

• boiler and steam generator;

• fumes treatment and filtering;

• steam turbines;

• automatic monitoring and control.



3804-05-2018

Plant Design Data  

• The plant burns nearly 80-90,000 tons of biomass per year. 

• The plant power unit is composed by two impulse steam turbines: 
one of 5.6 MW electrical nominal power at 8,200 rpm, the other of 
2.0 MW electrical nominal power at 7,450 rpm.

• Thus the total nominal electrical plant power is 7.6 MW.
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Improvement

• The cogeneration plant produces nearly 45 GWh electricity per year; this electricity
is sent to the public grid under the incentive system.

• Moreover, nearly 10 t/h of steam are extracted from the steam turbine and used
for the rice manufacturing process.

• For this plant a fossil fuel saving of nearly 30,000 t/y has been evaluated, thus
avoiding CO2 emissions of about 130,000 t/y.
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Thank you for your attention!

Germina Giagnacovo

germina.giagnacovo@enea.it


