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1. INTRODUCTION

Education is a key element for the social and economic life of society. The power of quality
education yields results at two levels: at the level of personal development of citizens and at the
level of development of society.

At the individual level, education enables individuals to acquire knowledge, skills and provide
access for critical thinking and choices towards improving the quality of life. At the societal level,
education is a strategic sector on which the overall development of the community depends. In
fact, education is of strategic importance for the development of society within a
municipality/region.

At the same time, climate change calls for targeted and focused work in the field of environmental
education and protection. Environmental education is one of the main areas of the education
system in schools and is a continuous process that aims at an awareness of environmental
problems; acquiring knowledge; formatting values, attitudes, and a sense of responsibility for the
rational use of natural resources, as well as encouraging actions towards nature conservation.
Love for nature, respect for nature does not come immediately. It is the result of many years of
dedicated work on nature studies in the classroom, in the extracurricular classroom and activities,
engaging students in their feasible participation in nature protection (propagation and cultivation
of houseplants at school and at home; work in the school experimental area; cultivation of organic

products (favourite vegetables); care for shelter animals; making bird feeders, etc.).

Main project objectives:

1. Development, implementation and promotion of Activity-based educational concepts
for secondary school students in tackling challenges from community interest in regions
of Pazardzhik-Bulgaria, Kochani-North Macedonia and Larissa-Greece.

2. Increasing of the capacity for transnational cooperation of all partner organisations
involved.

3. Interdisciplinary educational approach suitable for any topics from community interest,
with high transferability potential which will be suitable for implementation in any

educational institution on secondary level in all European countries.

Specific project objectives:
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1. Development and implementation of four Project Intellectual Outputs:

- Handbook (small pedagogical material for internal use) for Secondary school
teachers “How to implement an activity-based educational concept for tackling of
environment-related challenges in non-formal and formal educational activities in
secondary schools”.

- An online software platform for urban air and water pollution based on the
performed measurements by secondary school students.

- A document with recommendations for updating local policies/strategies in
addressing the environmental challenges for the three municipalities.

- A document for transnational cooperation among different types of socio-
economical organizations and educational institutions in addressing environment-
related issues in educational processes in regions of Pazardzhik-Bulgaria, Kochani-
North Macedonia and Larissa-Greece.

3. Increasing STEM Teachers and students skills and competencies which include:

- Increasing the STEM teachers’ skills and competencies in using of activity-based
educational approach in adoption of the environmental-related topics in regular
school classes, as well as strengthening STEM teachers’ digital skills and improving
their capacity for transnational cooperation with their colleagues from other
European countries.

- Increasing secondary schools students' skills and competences in work-based
educational methodology, as well as their skills for teamwork, fostering critical
thinking and their active involvement in tackling of environmental-related issues
from community interest (consequently enlarging number of secondary school
students that will continue their education in STEM-related professions).

4. Raising awareness among main relevant local stakeholders about necessity of urgent
measures in tackling air/water pollution challenge and consequently increasing the
number of active citizens in tackling of environmental challenges from community
interest (including present and future generations of students that will attend
educational processes in the project partners secondary schools).

Considering the objectives and activities of the project, the aim of this document is to create a

basis for strategic cooperation and international partnership in the field of education between the
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municipalities of Pazardzhik, Kochani, Larisa by involving representatives of the local, educational

and civil society sectors.
Education is a key element for the social and economic life of society. The power of quality
education produces results at two levels: 1) the level of personal development of citizens and 2)

the level of development of society.

2. DESCRIPTION OF THE MAIN ASPECTS OF WATER AND AIR POLLUTION CHALLENGE AND
THE MOST APPROPRIATE EDUCATIONAL APPROACHES HOW TO BE ADDRESSED IN THE
STEM SCHOOL SUBJECTS

According to the 2021 World Water Development Report released by UNESCO, the global use of
freshwater has increased six-fold in the past 100 years and has been growing by about 1% per year
since the 1980s. With the increase of water consumption, water quality is facing severe
challenges. Globally, an estimated 80% of industrial and municipal wastewater is discharged into
the environment without any prior treatment, with adverse effects on human health and
ecosystems. This proportion is higher in the least developed countries, where sanitation and
wastewater treatment facilities are severely lacking.

Air pollution is the single greatest environmental risk to health in accordance with the World
Health Organization (WHO). According to the latest estimate, 9 out of 10 people breathe air that
contains high levels of pollutants. An alarming number of deaths from air pollution has been

estimated. As many as 7 million people are thought to die each year due to air pollution

2.1. Water Pollution

What are the sources of Water pollution

Industry is the main cause of water pollution. Various toxic chemicals, organic and inorganic
substances, toxic solvents and volatile organic chemicals may be released in industrial production.
If these wastes are released into aquatic ecosystems without adequate treatment, they will cause
water pollution. Arsenic, cadmium, and chromium are vital pollutants discharged in wastewater,

and the industrial sector is a significant contributor to harmful pollutants
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Agriculture is closely related to water pollution. Pesticides, nitrogen fertilizers and organic farm
wastes from agriculture are significant causes of water pollution. Agricultural activities will
contaminate the water with nitrates, phosphorus, pesticides, soil sediments, salts and pathogens.
Sewage treatment facilities and water supply are also important factors affecting drinking water
guality, especially in developing countries. Industrialization and urbanization, underinvestment in
basic water supply and treatment facilities has led to water pollution, increased incidence of
infectious and parasitic diseases, and increased exposure to industrial chemicals, heavy metals and
algal toxins.

To sum up, water pollution results from both human and natural factors. Various human activities
will directly affect water quality, including urbanization, population growth, industrial production,
climate change, and other factors and religious activities. Improper disposal of solid waste, sand,

and gravel is also one reason for decreasing water quality.

Impact of water pollution on human health

Unsafe water has severe implications for human health. According to UNESCO 2021 World
Water Development Report, about 829,000 people die each year from diarrhea caused by unsafe
drinking water, sanitation, and hand hygiene, including nearly 300,000 children under the age of
five, representing 5.3 percent of all deaths in this age group.

Lack of water and sanitation services also increases the incidence of diseases such as
cholera, trachoma, schistosomiasis, and helminthiasis. The negative health effects of water
pollution remain the leading cause of morbidity and mortality in developing countries.

Experiments- Water Quality
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In the water pollution experiments the following properties are examined for water:
Physically

Chemical

Biological

Students are required to bring three different samples of water:

Tap water

Water from a well

Water from river, stream

Tests of physical properties of water

Color test

Experiment 1 — The sample is poured into a test tube and the color is observed in the
transmitted and reflected light. The sample is compared with redistilled water placed in a test
tube. It is determined whether the water is clear, cloudy, colorless, weakly colored, strongly
colored.

Conclusion: Water color as well as turbidity originate from suspended particles of inorganic
origin. Waters that meet the regulations for chemical and hygienic correctness after mixing and
standing for 1-2 hours should not separate a visible precipitate. If traces of iron are present in the
water, it will be colored slightly yellowish.

Odor test

Experiment 2 - Odor is determined cold or hot in the following way: a bottle with a ground
stopper is half filled with water, then closed, then stirred and smelled immediately or preheated in
a closed container to 40 °C, opened the lid and the smell is determined.

Conclusion: The smell is defined as: smell of earth, rot, aromatic smell, sand, fish. The
gradation of the smell is as follows: no smell, weak smell, noticeable smell and very strong smell.
Taste test

Experiment 3 - water is heated to boiling, boiled for 5 minutes, then cooled to 25 °C and

tasted.
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Conclusion; The taste is identified as salty, sour, bitter, alkaline. Some natural drinking
waters can have a faint metallic, astringent taste originating from the iron and manganese salts
present, or faintly salty due to the presence of higher concentrations of NaCl (coastal areas). The
taste of water originating from industrial waste water points to defective water (water containing
phenols, petroleum, etc.).

Temperature measurement

Experiment 4 — The sample taken is placed in a glass and the temperature is read with a
thermometer.

Conclusion: In the case of groundwater from the same geographical areas, the

temperature is approximately equal to the average annual temperature and is 8-10 2C.

Microscopy

Experiment 5 — If the water was cloudy, then it is centrifuged, then the precipitate is
separated by decantation and that precipitate is microscopically examined. With a triangular
needle, a very small amount of sediment is placed on the microscope glass, one drop of distilled
water is added and it is covered with a small cover glass. The glass is placed on the substrate under
the microscope. It is microscopic.

Conclusion: During microscopy, it should be determined whether there are living or dead
organisms, whether the sludge originated from cells of animal origin or from the decay of plants.
Chemical analysis of water

5.1 pH of water

Determination of pH with a pH meter

Experiment 1. During each measurement of the pH value, the instrument is calibrated with
a standard calibration solution and then the measurement is performed. Place the sample in a
glass and immerse the pH meter.

Conclusion:
Values from 0 - 6.5 acidic environment
Value 7 neutral environment

A value of 7.5 — 14 base average
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The pH value of drinking water from the water network must be within the range of 6.8 to 8.5, and
the pH value of drinking water taken from other drinking water supply facilities must be within the

range of 6.5 to 9.0.

Determination of pH using indicator paper

Experiment 2 - A strip of indicator paper is soaked with the sample water and after 30 to

60 seconds, the resulting color is compared to the scale found on the indicator paper package.

pH scale
G [ =N D | EEN S NN RN SN O ) A S
0 SR BERREERNER
acidic neutral alkaline

Determination of residual chlorine using iodide and starch

Experiment: Free chlorine or in the form of hypochlorite reacts with iodides to release
elemental iodine which can be determined with sodium thiosulphate and starch as an indicator:
Cly+2KJ=1J,+2KCl
2NaClO + 4KJ + 2H,S04 = 2 J; + NaSO4 + K,SO4 + 2KCl + 2H,0
In 10 mL of chlorinated water, put a few KJ crystals and mix until they dissolve, then add 10 drops
of 1% starch solution and mix the contents carefully.

Conclusion: When observing from the side if a light blue color appears, the residual
chlorine value is 0.2 to 0.5 mg/L. An intense blue coloration corresponds to a concentration of 0.5
to 1 mg/L of total residual chlorine. If the solution remains colorless, the residual chlorine

concentration is less than 0.1 mg/L

2.2. Air Pollution
What are the sources of air pollution
The sources of air pollution are different, but the most common is divided into:

- External air pollutants : industry and energy producers, dust, waste, traffic, agricultural
properties

- Indoor air pollutants : household energy.

10
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However, the World Health Organization singled out those that cause the greatest damage to
human health and the environment.

The most dangerous are: floating particles (PM), ozone (03), nitrogen dioxide (NO2), sulfur dioxide

(502), carbon monoxide (CO) and hydrocarbons (methane, ethane, propane, butane,...).

How air pollutions enter the body and what they do

When an air pollutant enters the body, it can have an effect on various organs and systems, most
often on:

Eyes, nose and throat

Lungs and respiratory system

Heart - diseases of the heart and blood vessels, including heart attack and clogged arteries are one
of the main effects of air pollution

Brain - recent evidence suggests that air pollution can also affect the brain and is most likely linked

to dementia and cognitive decline

Normal Bronchi Bronchiectasis

Heart Attack

B ody mass —th er e is evidence linking air pollution with early life effects such as low birth weight.

The impact of air pollution on a person'’s lifespan
11
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Exposure to polluted air has different effects on health, which occur at every stage of life, from the
first weeks of the fetus in the womb until old age.

Pregnancy — low birth weight of the fetus as well as premature birth

Children — asthma, slower development of lung function, slower general development, more
coughing and difficulty breathing (known as wheezing), onset of atherosclerosis

Adults — asthma, coronary heart disease, stroke, lung cancer, chronic obstructive pulmonary
disease, diabetes

Elderly — asthma, accelerated decline in lung function, lung cancer, diabetes, dementia, heart
attack, cardiac arrest, stroke.

The health effects of air pollution are complex and vary in severity. In some cases, the damage may
be gradual and may not become visible for many years, which is especially the case if there is

exposure to polluted air during pregnancy and early development of the child.

Air pollution experiment

The experiment for quality of the air is conducted and the results are as following:

Experiement:

Students at 6 different locations, with the help of an air pollution measuring device, examine the
following parameters: pm 2.5, pm 10, CO, CO,, HCHO, TVOC. Measurements are conducted twice
a week, on a working day and during the weekend.

Here is a table that shows the difference between a work day and the weekend:

12
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Measuring place | pM 2.5 | pM 10 | CO | CO, | HCHO | TVOC

Location 1 39 51 2 397 | 0.002 | 0.009
Weekend

Location 2 38 49 1 407 | 0.004 | 0.011

Location 3 39 51 2 402 | 0.003 | 0.010

Measuring place | pM 2.5 | pM 10 | CO | CO, | HCHO | TVOC
Work | Location 1 56 73 1 421 | 0.006 | 0.012
Day Location 2 69 90 1 404 | 0.006 | 0.013

Location 3 61 80 1 412 | 0.005 | 0.010
Conclusions

Air Quality is a very important parameter for the man and the whole living world on earth.
Prevention of pollution, air pollution, but sanction, and the return of the natural environment in its
original natural state requires a range of activities. In addition to adequate knowledge about the
state of the environment, pollutants show, broadcasters, distribution of pollutants in the
atmosphere, their responses and climatic conditions, it is necessary to develop appropriate
strategies and protection. Research and monitoring of air quality in urban and industrial areas is
one of the first steps to resolve the present problems of air pollution, in order to protect the health
and environmental protection. The effect of air pollution layer and the planet has far-reaching
consequences for the climate change on the Earth, the occurrence of acid rain and damage to
ozone layer in the stratosphere. The greatest number of states, and among the others also Greece,
Bulgaria and North Macedonia, start with the continuous monitoring of air quality of the state
layer, evaluation of trends caused by changes in the future, all with the aim of further advised that

the pollution of air and avoid the disaster scenario, the living world of our planet.

3. DETAIL DESCRIPTION OF EQUIPMENT AND TOOLS FOR MEASUREMENTS OF WATER AND

AIR POLLUTION AND THE MOST CONVENIENT METHODOLOGY FOR PERFORMANCE OF
MEASUREMENTS

13
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3.1.

Instructions for proper use of the water detector

1. Device

2. Turning on the device

3.

pH
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» With a simple pressing of the “on-off” button, the screen will the display the

following parameters for the quality of the water.

pH

Temperature

Dissolved

oxygen (Do)

Conductivity

» It measures the following parameters: pH, temperature, dissolved oxygen,

conductivity . For every parameter, there is a calibration for it for inspecting the

quality of the water.

> Use of the cable

A cable like its shown in the picture is used for inspecting the pH of the water, you

simply connect it to the device and inspect the water.

14
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» Calibration
e You turn on the device with the “on-off” button,

e The screen displays 4 possible parameter windows, the window on the top

left is pH.

pH Temperature

Dissolved Conductivity

oxygen

e The cable for pH is inserted in the water detector.
a. The pHreaderis lowered in a pufer solution of pH 7
b. Press the CAL/ESC button and wait 2 seconds for the device to calibrate
It automatically reads 7.01 pH from the pufer, if the reading is off, use the
V A tosetit.
c. Press ENTER to insert the calibration
e Repeat the process for a,b,c for the buffer pH 4, pH 10.
e When the calibration is finished continue with the process to measure the

pH

» Measuring pH
e Insert the electrolyte in distilled water
e Theninsert the electrolyte in the water that will be inspected
e Wait for the reading to stabilize and then read out the measured pH
e Then finally insert it back in to the distilled water and wipe off the excess

water droplets gently with a drying paper.
15
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“ Ok

N 4/"0 #09

Neutral

pH >7 Basic/alkaline

pH<7 Acidic

4. Temperature

The temperature value can be seen on the top right corner of the display window screen.

pH Temperature
Dissolved Conductivity
oxygen

» Measuring the temperature
After inserting the electrolyte in the given water sample with the pH reader, you

can also get the temperature value of said water sample.

NATURETEMPERATURE

5. Dissolved oxygen (DO)

> How to use the DO reader
16
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You insert the DO reader cable to the device like it is shown in the picture here.

» Calibration
e Turn on the device with the “on-off” button,

e On the screen display you can see the dissolved oxygen parameter on the

bottom left part of the window.

pH Temperature
Dissolved Conductivity
oxygen

e The electrolyte cable for the DO reader is inserted in the water detector

e Inthe ES/MODE insert the value of the DO to % and hold the electrolyte out
in the open for a couple of minutes so the reading could stabilize

e Press the CAL/ESC button and wait 2 seconds for the device to be ready to
calibrate

e Then press ENTER to begin calibrating the device

» Measuring the DO
e Insert the electrolyte in distilled water
e Theninsert the electrolyte in the water that will be inspected

e Wait for the reading to stabilize, then read out the measured DO

17
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e Then finally you insert the electrolyte back in to the distilled water and wipe

off the excess water droplets with a drying paper

6. Conductivity
» How to use the conductivity reader

The electrolyte cable is inserted in the device like it is shown here in the picture

» Calibration
e The electrolyte cable for the conductivity reader is inserted in the water
detector,
e Turn on the device using the “on-off” button,
e On the screen display the conductivity parameter is located bottom right of

the window on the display

pH Temperature

Dissolved Conductivity

18
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oxygen

Conductivity Of
Water

e The electrolyte is inserted in distilled water

e Then the electrolyte is inserted in a pufer solution for conductivity

e Press the CAL/ESC button and wait 2 seconds for the device to get ready to
be calibrated. The value automatically will be read, if the given value is
incorrect use the ¥ A to set it.

e Then press ENTER to calibrate the device.

» Measuring the conductivity
e Insert the electrolyte in distilled water
e Theninsert the electrolyte in the water that needs to be inspected
e Wait for the reading to stabilize then read out the value of conductivity
e Then finally you insert the electrolyte back in the distilled water and wipe of

the excess water droplets with a drying paper.

19
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CONDUCTIVITY OF WATER > JEN GRS
-+ -
1
-+ Battery -
Diary of performed water quality measurements
Date Time | Measuring Ti°C pH Conductivity Dissolved Measurement Confirmed
place oxygen performed

1. Device

3.2. Instructions for proper use of the air detector

20
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2. Turning on the device
» With a simple press on the “on-off” button, the screen displays the possible parameters for
the stability of the air quality.

» It measures the following parameters:

Parameters Description Detecting range

pM 2,5 Suspended solid particles | 0 —999 pg/m?
with a diameter smaller

than 2,5 um.

pM 10 Suspended solid particles | 0 —999 pg/m’

with a diameter smaller

than 10 um.
Cco Carbon monoxide 0-1000 ppm
CO, Carbon dioxide 400 - 5000 ppm
HCHO Formaldehyde 0-9,99 mg/m3
TvVOC Volatile organic | 0—9,99 mg/m’
compounds

3. Quality of the device

» The device is digital, so there is no need for calibration

4. Charging the device

» With a USB cable, with no more than 5V (volts)

Measuring CO
CO — carbon monoxide. A colorless, odorless and tasteless toxic gas. It’s estimated that 80 % of CO
present in the atmosphere is a caused by natural sources. CO is engaged in the formation of the

smog

Sources:

21
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» exhausted gas from motorized vehicles

» usage of liquid and solid fuels in households,

> industrial factories

Detector Range

0-1000 ppm

Measuring CO,

CO2 - carbon dioxide. A colorless, odorless and slightly sour tasting gas. The presence of CO2 in
the air is an indicator for the potential amount of contamination of the air in a confined space

Sources:

CO2 EMISSIONS
BY SOQLIRCE

22
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Detector range:

400 - 5000 ppm

Measuring HCHO

HUMAN
RESOURCE
DEVELOPMENT

P =S8l CENTRE

HCHO - formaldehyde. A colorless spicy gas. It’s an intermediary from burning methane and other

carbon compounds.

Sources:
» exhausted gas from motorized vehicles
» tobacco smoke

» forest fires

AIR POLLUTION MOLECULES
formaldehyde

o | |
’ [ '

|H—C—H

L

1D 158742905 © Blueringmedia

°
dreamstime.com

Detector range: 0-9,99 mg/m3

Measuring TVOC

Building
Products

Indoor

Chemistry

Amblent Alr

Consumer
Products
Household
Products

Reference
Room

Combustion

TVOC — volatile organic compounds. Chemical that contain carbon and react with nitrogen oxide,

forming O3

Detector range: 0—-9,99 mg/m3

23
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Example - TVOC

PROPAN HEALTH EFFECTS of

VOLATILE ORGANIC COMPOUNDS

BUTANE
METHYL CHLORIDE @ @

TOLUENE Eye Irritation Nose and Throat Irritation Headaches
FORMALDEHYDE
ACETON @ W @ @
Loss :Ifl gua;;ea jon Damage to Liver Damage to Kidneys
Diary of performed air quality measurements

Date | Time | Measuring [pM2,5| pM10 | CO | CO, | HCHO | TVOC Measurement Confirmed
place performed

4. DESCRIPTION OF THE BEST PRACTICES AND BEST TECHNICAL SOLUTIONS IN TACKLING OF
THE WATER AND AIR POLLUTION CHALLENGE

The most basic solution for air pollution is to move away from fossil fuels, replacing them with

alternative/RES energies like solar, wind and geothermal. Producing clean energy is crucial. But

24
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equally important is to reduce our consumption of energy by adopting responsible habits and

using more efficient devices — energy efficiency.
4.1. Energy efficiency solutions for clean air

What is energy and what does it mean?
Energy is all around us and without it we could not live. We use it every day, in many different
ways. The food we take in contains energy; the paper this is written on took energy to be

produced; the light you are reading it by is also energy.

| Definition: Energy is usually defined as the capacity to do work. The amount of energy !
i something has is the amount of work it can do. i
Problems with Energy

Emissions from fossil fuel-based energy production and use are the number one cause of climate
change. The extraction and use of these fuels also causes pollution and we have to keep in mind
that we are running out of these fossil sources. This means that security of supply is very
important nowadays — we are very dependent on oil and coal especially. Implementing renewable

energy and energy efficiency measures are the best ways to reduce this damage to our planet.

This is important in everyday life, but also in industry and business.

Sources of Energy

Nature provides us with numerous sources of energy, including solar radiation from the sun,

flowing water (hydro), ocean waves, wind or the tide. Energy also comes from fossil fuels

(including coal, oil and natural gas). These sources can be classified also as renewable and non-

renewable. Renewable energy resources are derived in a number of ways:

e gravitational forces of the sun and moon, which create the tides;

e the rotation of the earth combined with solar energy, which generates the currents in the
ocean and the winds;

e the decay of radioactive minerals and the interior heat of the earth, which provide geo- thermal
energy;

e photosynthetic production of organic matter (biomass);

25
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e the direct heat of the sun (solar).

These energy sources are called renewable because they are either continuously replenished or,
for all practical purposes, are inexhaustible. Non-renewable energy sources include the fossil fuels
(natural gas, petroleum, shale oil, coal, and peat) as well as uranium (nuclear). Fossil fuels are both

energy dense and widespread.

Measuring units for energy and power

Units of Energy and Power

Joule (J) - A unit for measuring thermal, | Watt (W) - A unit of power, equal to the
mechanical and electrical energy. Since | transfer of 1 joule of energy per second.
energy is the ability to do work, one | Multiples of units: since a joule and a watt
joule (J) is the work done when a force | are quite small, we often speak in terms of
of 1 newton acts for a distance of 1 | 1000’s of joules — a kilo joule (kJ), millions of
meter in the direction of the force. It is | joules (MJ) or billions of joules (GJ). Similarly,
also equal to the work done when a1 | we speak in terms of kilowatts (kW),
ampere current is passed through a | megawatts (MW) and gigawatts (GW).

resistance of 1 ohm for 1 second.

Human Power

But what do watts and joules mean in reality? How many do we use in our own bodies? And is that
enough for us to live the way we do? An Olympic weight lifter might achieve 1500 — 1800 W but
only for a while less than a minute. A top-class Tour de France cyclist might achieve a work output
rate of 500 W for several hours. A person sitting will use about 100 W for basic body metabolism:

breathing, thinking, etc.

Units of Energy and Power
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Kilowatt hour (kWh) is a unit of energy or
work, wusually associated with electrical
energy, but also used to describe other
energy forms. If energy is used at the rate of
1000 joules per second (i.e. 1000 W) for the
duration of 1 hour, 1 kilowatt hour of energy
has been used.

For example, if a 100W incandescent bulb is

Tonne of Oil Equivalent (toe) - This is a
conventional standardized unit of
energy and is defined on the basis of a
tonne of oil having a net calorific
(heating) value of 41868 MJ, otherwise
approximately 42 GJ. This unit is useful

if different fuels are being compared

and large quantities are required.

left lit for 10 hours, it will consume 1 kilowatt | 1 toe =11628 kWh
hour (100W x 10 hours = 1000 Wh = 1 kWh).

It is also equal to 3.6 million joules.

Energy Efficiency, what’s it all about?
* Using less energy to provide the same level of energy service
* Reducing greenhouse gas emissions
* Reducing costs
* Increasing security of supply
Energy and Buildings
Building is a man-made construction used for supporting or sheltering any use or continuous
occupancy. It is fully enclosed by external envelope (that means external walls, roof and floor)

which creates its internal microclimate.

Buildings come in a wide number of shapes and functions, and have been adapted throughout
history for a wide number of factors, from building materials available, to weather conditions, to
land prices, ground conditions, specific uses and aesthetic reasons. Buildings serve several needs
of society - primarily as shelter from weather and as general living space, to provide privacy, to
store belongings and to comfortably live and work. A building as a shelter represents a physical
division of the human habitat into the inside (a place of comfort and safety) and the outside (a
place that at times may be harsh and harmful). The first shelter on Earth constructed by a
relatively close ancestor to humans is believed to be built 500,000 years ago by an early ancestor

of humans, Homo erectus.
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To create required internal microclimate is very energy demanding. So, building construction and
operation have an enormous direct and indirect impact on the environment. Buildings not only
use resources such as energy and raw materials, they also generate waste and potentially harmful
atmospheric emissions. As economy and population continue to expand, designers and builders
face a unique challenge to meet demands for new and renovated facilities that are accessible,

secure, healthy, and productive while minimizing their impact on the environment.

Concept: A building is like a breathing box

A building could be seen to be like a box, protecting its contents from climatic conditions, such as
outdoor temperatures, wind, rain, etc. Indoor comfort, apart from being a subjective matter,
depends mainly on two factors: indoor temperature and humidity. It is obvious that the least

comfort is achieved when high temperature and high humidity work together.

The skin of the building, named the envelope, works like an exchanger with the external climate
conditions, gaining heat from exposure to solar rays and releasing heat towards the outside (due

to ventilation and an inadequate envelope). The envelope, apart from having the task of wrapping

LS @
@ Envelope

Ventilation
losses

Internal 1 losses
gains

Envelope
losses

and defending the building, should allow it to breath, in order to avoid indoor humidity and reach
a proper balance between heat gains and losses.

Energy balance of a building

Heat Transfer

Definition: Heat transfer is a physical phenomenon, and according to this, “Heat

always flows from a warmer to a cooler space”.
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It means that in winter, the heat moves

Summer

directly from all heated living spaces to the
outdoors and to adjacent unheated attics,
garages, and basements — wherever there
is a difference in temperature. During the
summer, heat moves from the outdoors to
the house interior (when the outside
temperature is higher!).

To maintain comfort, the heat lost in the

winter must be replaced by the heating

system, while the heat gained in the
summer may be removed by an air
conditioner. That means a large amount of Difference of temperature and heat transfer
energy is wasted in most buildings. In
Europe, 70% of the average energy
household consumption goes to keeping
homes at a comfortable temperature.
Typically, natural gas and electricity are

used for heating systems, and electricity for

almost all cooling systems.

The heat demand for heating the house in the cold season is the major energy-consuming service.
If the heat demand is reduced by means of insulation, heat recovery, super-windows, passive solar
gains and other measures, the heating system can be simplified step by step, and the energy
requirement for heating is reduced, as well as the supplier bill and CO2 emissions.

Energy Losses in a conventional building
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Most of the building energy loss is due to

an inadequate envelope, which s
composed of the walls, floors, roof, doors,
and windows. The next picture shows from
where the heat transfer typically acts, e.g.,
external walls and adjacent unheated

spaces. Proper component and insulation

materials allow a decrease in the heating or

cooling needed by providing an effective Energy losses in a conventional building
resistance to the flow of heat, or said more
simply, by creating a better conservation of

the inside temperature.

In addition, the color of the external walls is
important, due to their characteristic of
reflecting or absorbing the light of the sun.
White and lighter colors act as reflectors,
while black and dark tones are sun
absorbers.

Insulation and building materials

Some commonly used materials for home insulation can be

classified according to type:

e Vegetable: cork, wood fiber, flax, straw, etc.

e Mineral: fiberglass, mineral-wool, expanded clay, metal

carbides, foamed glass, etc.
e Synthetic materials: expanded polystyrene, polyurethane and

phenolic foams, PVC, etc.

Furthermore, insulation materials are available in a variety of forms. Apart from rigid insulation,

there are: blankets, in the form of mats or rolls, blown loose fibres, foam and spray insulation, etc.
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They can be used together, thus increasing insulation property, but this requires professional

installation and a proper mix.

Good insulation can reduce the heat transfer through walls, roofs, windows, etc., giving the
following benefits:
e Saves energy because it reduces energy losses during cold days and allows lower
refrigeration loads and temperatures during hot summer days.

III

e Increases comfort by eliminating the “cold wall” effect produced in exterior walls and
windows (the temperature difference between the wall surface and the room should be no
greater than 4°C).

e Reduces the risk of condensation which may cause damage to building insulation and
structural materials, discolouration and unhealthy living conditions. The risk of condensation
increases with lower ambient temperatures.

e Avoids sudden temperature changes, protecting the building from cracks and thermal

expansions.

e Improves the building’s acoustics.

Insulation material is usually rated in terms of thermal resistance (indicated with an R-value),
which indicates the resistance of material to heat flow. The higher its resistance is, the greater the

insulating effectiveness is.

Of course, the thermal insulation property depends on the type of material, its thickness, and its

density.

As an example, look at the comparison between 10 cm of thermal insulation and other building

materials.
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10 cm of thermal insulation...

...do in general have the same thermal losses as...

40 cm massive wood

60 cm hollow bricks

95 cm solid bricks

710 cm reinforced concrete

Material comparison

For any building more than 20 years old or insufficiently insulated, a retrofit is advisable for
improving its insulation, by which a 50% energy savings is easily achieved for heating and cooling.
In addition to insulation, careful selection of construction materials is the key to achieving high
comfort levels at a low cost, although it is more suited to the new building stage, or when

important renovations are needed.

For example, a hollow ceramic brick has very good insulating properties (or high thermal

resistance), and other materials like thermal clay have an even better performance.

,
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Example of a hollow brick with excellent Examples of clay bricks
insulating properties

These bricks have an internal structure of air chambers, helping to achieve good thermal and
acoustic insulation. In summary, in addition to construction materials, it is important to use

insulation-layered material in order to achieve better energy saving results and comfort.

Home electricity consumption
In our homes, we are surrounded by all kinds of electrical and electronic equipment that we use

regularly to meet our needs. We consider their use as being so elemental that sometimes we
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forget the associated energy cost. In Europe, electrical appliances account for about 8% of a

typical household’s energy consumption.

The percentage is much higher if we refer to a household’s electricity consumption. Consumption
by all-electrical appliances and lighting represents about 55% of the electricity used by
households. The appliances include the six large consumers of electricity (refrigerators, deep

freeze, washing machines, dishwashers, TV and dryers), and many small appliances.

Home Electricity Consumption

Dishwashers

i i i ing: Small electrical  Others 39 Lighting
Main appliances include the following: T eomeal e e
7%
o Refrigerator and deep freeze |

Electric ovens &

Microwaves

° Washing machine and tumble dryer 8%

Refrigerators &
Freezers

. Washi hi
o Dishwashers ndryers 20%
10%
° Immersion heater
TV & Electronic Water & Space

. equipment heating
e Hairdryer 13% 15%
° Room air conditioners
° Electric oven

Apart from the purchase price, which normally is the driver in the criteria for choosing, the cost of
operating the appliances during their lifetimes should also be seriously considered, that is the cost
of the utility bill every month for many years (depending on the lifetime), due to their electricity
consumption. Models with high energy-efficient performance usually have a higher initial
purchase cost, but they permit the saving of significant amounts of energy costs over their life-

time (and thus save money).

Energy saving measures in buildings
Inventory of energy-saving and RES technologies with best cost-effective bundle of measures for
buildings is a description of relevant retrofitting measures for EE and RES application in buildings,
that are classified according to cost-effective priority. Collection of measures is roughly divided
into the following areas of intervention:

e Insulation of thermal envelope

e Windows
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e Measures on heat generators

e Measures on domestic hot water preparation systems
e Measures on distribution systems

e Regulation measures

e Measures on ventilation systems

e Measures on lighting systems

e Control and energy management systems

The next table presents categorization of measures based on expected savings, investment costs
and payback period. Which measures can be applied in a specific building and what savings can be
expected, however, depends on the construction material, the way energy is used and how the
building and its equipment are maintained. This, of course, varies from building to building.
Depending on the specific context, the type of buildings and the technology available, some of

these measures will be more applicable than others.

Measure Expected savings Investmen = Payback

t cost period

Insulation of thermal envelope
Insulation of external walls

Up to 35% heati high high
(ETICS and ventilated facades) p 1o 5% heating energy '8 '8
Insulation of external walls
(thermal insulating mortars and | Up to 10% heating energy high high
plasters)
Ceiling insulation between conditioned . . .

15% h high high

space and unconditioned attic Up to 15% heating energy '8 '8
Roof insulation Up to 35% heating energy high high

Windows

Window replacement

Up to 25% heati di high
(U lower than 1,1 W/Km?) p to 25% heating energy medium ig

Caulking and weather stripping Up to 20% heating energy low low
Solar shadings Up to 25% electrical energy medium high
Measures on heat generators

Burner replacement Up to 5% heating energy low low
Boiler interlock and boiler controls

(burner control, weather | Up to 20% heating energy medium low
compensation, sequence control etc.)

Heat boiler replacement Up to 20% heating energy high high
Installing heat pumps Up to 45% heating energy high medium
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Measures on domestic hot water preparation systems

Installing heat pumps for hot water | Up to 75% energy for hot .
) . medium low
preparation water preparation
. Up to 60% energy for hot . .
Solar water heating P = &Y medium medium
water preparation
Measures on distribution systems
Pipe insulation on heat and water .
.p _ Up to 5% heating energy low low
distribution systems
Regulation measures
Installing thermostatic valves Up to 15% heating energy low low
Hydraulic balancing Up to 20% heating energy medium medium

Uses up to 80% electrical
energy less compared to | low low
conventional models

Installing new circulation pumps with
frequency converters

Measures on ventilation systems

Installing HRV system Up to 25% heating energy high high

Installing HVAC system Up to 50% heating energy high high

Measures on lighting system

Up to 30% - 50 % electric

Installi fficient lighti I I
nstalling energy efficient lighting energy ow ow
Installing lighting controls (occupancy | Up to 50% electric energy
. L low low
sensors, daylight controls, etc.) used for lighting
0, I H
Replacing light ballasts Up to 3OA)e.ectr|c bl medium low
fluorescent fixture
Control and energy management systems
15%-20% energy for heating
and cooling
Building energy management system high medium
8 &Yy 8 y 50%-60% of energy for 8
lighting

Some low-cost measures can be implemented without major investment and without major
interruption of the building use. There is no or only little planning necessary. These measures,
such as installation of thermostatic valves, piping insulation, installing occupancy sensors etc, can
be implemented only with a little assistance or advice of energy experts and with the help of

building manager.

Other more costly and technically complex measures are always planned and implemented by
professionals, only after involving all the relevant actors in the process, such as building owners or

building managers to be able to cooperatively undertake all important steps from energy audit,
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assessing priorities, deciding upon most cost-effective bundle of measures, researching all possible

financial mechanisms.

4.2. Renewable Energy Sources (RES) solutions for clean air

Today’s world is faced with the greatest challenge — how to preserve the environment which gives
suitable living conditions on the planet Earth. The greatest promoters of the civilization
development — the available energy and transport, today are the worst enemy of the living
environment. Renewable energy sources (RES) provide sustainable solution, not only in provision
of energy, but also vision of the future.

On global level the RES use is increasing. Almost everywhere in the world the renewable energy is
gathering greater role followed by increased industry for manufacture and maintenance of the RES
technology. The guarantee for a greater future use is seen in the awareness rising, increasing the
capacity of industry supporting the technologies for transformation and use of renewable energy,
and the growing concern of the governments of all countries to protect the environment from
pollution.

What are RESs?

Energy that is exploited, but it is replenished with the same rate. RES use offers environmentally
friendly and sustainable solution.

There is a variety of sources that provide us energy for different purposes. Such are: coal, petrol,
diesel, kerosene, and natural gas, as well: hydro, wind, solar, biomass, etc.

Some of the energy sources can be replenished in a short period of time. Such energy sources are
referred to as “RENEWABLE” energy sources, whereas the energy sources that we are using up
and cannot be generated in a short period of time are called “NON-RENEWABLE” energy sources
(or conventional energy sources). Thus, all the sources of energy can be divided into two
categories: renewable sources and non-renewable sources of energy.

Petrol and diesel extracted from crude oil are commonly used to run different kinds of vehicles,
such as cars, buses, tractors, trucks, train, aeroplanes etc. Similarly, kerosene and natural gas are

used as fuels in lamps and stoves. Coal is main energy source for power generation.
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Radioactive elements like natural uranium are also non-renewable. When the atoms of uranium
are split into two or more parts, a very large amount of energy is released which can be used to
generate electrical energy.

Pollution is a major disadvantage of using fossil fuels as source of energy. During the process of
combustion of fossil fuels a lot of toxic gases (and fly-ash in case of coal) are generated which
cause pollution of the atmosphere. These gases include carbon dioxide, which traps the Sun’s heat
and may be causing global warming. Besides carbon dioxide, coal also gives off Sulphur dioxide
which may cause acid rain. The supply of fossil fuels is limited and cannot be replenished. The rate

at which they are being consumed, their reservoirs are sure to run out soon.

TIDAL GEOTHERMAL BIOMASS

SOLAR ENERGY

The sun and solar radiation

Energy that arrives on the Earth by electro-magnetic (solar) radiation is called electro-magnetic
energy. This type of energy is the most abundant, free and renewable energy source available
which does not pollute the environment.

To harness this energy, new solutions are constantly being investigated that would concentrate
the flow of solar radiation and maximize its accumulation. This is a very important task because

solar radiation is characterized by a low density of energy flux and instability.
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Distribution of solar energy on the Earth

Transformation of solar radiation energy

The Sun releases two types of energy, light and heat. For many years, man used the energy from
the Sun for lighting and space heating in buildings through special architectural features and other
special equipment.

Solar collectors are special kinds of heat exchangers which transform energy from solar radiation
into internal energy of the transport medium. These devices absorb incoming solar radiation,
convert it into heat, and then transfer the heat into a fluid flowing through the collector. Solar
collectors are the most important and expensive parts of a solar plant.

According to construction and function, solar collectors can be either non-concentrating or
concentrating collectors. Non-concentrating or flat plate solar collectors collect global solar
radiation, both direct and diffuse, and transform it into heat with temperatures of up to 100°C.
While concentrating through an optical system, can only collect direct solar radiation and can

achieve temperatures up to 3000°C.

Transpired Solar Collector

ecirculation ’\

Perforated absorber

1 - Aluminium Frame | 2 - Silicone Seal | 3 - Thermal
Sidewall Insulation | 4 - Thermal Insulation | 5 - Copper
Tubes | 6 - Glass | 7 - Aluminium Back | 8 - Absorber
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Examples of non-concentrating solar collectors

Reflector
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Examples of concentrating solar collectors

Direct application of solar energy

Systems intended for direct use of solar energy can be: active, passive or combined.

The term direct refers to direct transformation of heat energy into heat.

Solar systems for water heating are composed of collectors, a circulation system, a reservoir, an
additional system for water heating and systems for automatic control.

Solar systems for heating water typically use flat plate collectors with natural or forced circulation
of the fluid for the transfer of energy. Water collectors can be heated to low (up to 32°C), medium

(up to 70°C) and high (up to 180°C) temperatures.
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Direct thermosiphon solar system for hot water
Direct solar system for sanitary hot water with forced water circulation

Solar dryer for drying agricultural products
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Solar Power Generation
One way to improve the quality of the resulting energy from solar radiation is to transform
thermal energy into mechanical or electrical energy.
The transformation of the thermal energy into mechanical or electrical is done directly or
indirectly by means of a thermodynamic cycle (Rankine, Brayton, Stirling, etc.).
The temperature of the heat source determines which thermodynamic cycle to be applied.
Depending on the temperature of the working fluid the concentrators may:

e concentrate the solar radiation to medium temperatures of the working fluid (125°C to

450°C); or

e concentrate the solar radiation to a high temperature of the working fluid (> 450°C).

Basic composition of a solar system with solar radiation concentration comprises:
e field of solar concentrators;
* receiver; and

e system for energy transformation.
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Solar plant with parabolic trough concentrators where the transport fluid (synthetic oil) is not the
turbine working fluid, Majova desert, California
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GEOTHERMAL ENERGY
The Earth is a great reservoir of thermal energy, however most of that energy is hidden deep
inside the crust and mantle. This type of energy, known as geothermal energy, can reach very high

temperatures as demonstrated by many natural phenomena. For example, volcanic eruptions
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spew molten material with temperatures reaching beyond 800°C, vapor springs release vapor with
high temperatures into the atmosphere, vapor mix with water springs to form geysers and the
occurrence of natural hot springs all confirm that serious heat lies beneath the surface of the
Earth.
Geothermal sources can be classified based on several criteria: geothermal source type, fluid
temperature, and the fluid circulation mode.
According to geological characteristics and the manner in which heat is transferred to the Earth’s
surface, geothermal sources belong to one of the three following categories:
= hydrothermal sources with either normal or increased pressure;
= hotdry rocks: and

" magma.

o =

Penetration of heat (convection and conduction) from the interior to the Earth surface
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Direct-use applications for geothermal resources

T(°C)

T range of steam power

saturated steam

T range of binary fluld power

hot water

SSISS

Digestion in paper pulp (Kraft), Evaporation of highly concentrated
solutions; Refrigeration by ammonia absorption

Heavy waler via hydrogen sulphide process; Drying of diatomaceous earth
Drying of fish meal and timber
Alumina via Bayer process

Drying farm products; Food canning

Evaporation in sugar refining; Extraction of salts by evaporation &
crystallisation; Fresh water by distillation

Concentration of saline solution; Refrigeration (medium temperature)

Drying and curing of light aggregate cement slabs

Drying of organic materials eg: seaweed, grass, vegetables elc;
Washing and drying of wool

Drying of stock fish; Intense de-icing operations

Space heating (buildings + greenhouses)

Refrigeration (lower temperature fmit)

Animal husbandry; Greenhouses by combined space
Mushroom growing; Balneology/ therapeutic hot springs

Soll warming; Swimming pools; Biodegradation; Fermentations

Warm water for year-round mining in cold climates; De-icing; Fish farming
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Recommendations for direct use of geothermal resources according the geothermal fluid
temperature (modified from Lindal, 1973)

Greenhouse heating

cooling or heating

Geothermal Heat Pump - Closed vertical
loop system, for storage or extracting
heat from the ground in the season of
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1-geothermal
reservoir
2-geothermal hot
water

3-heat exchanger
4-water re-injection
5-auxially boiler
6-residential buildings
7-district heating

[ geothermal water water pipes
B cistrict heating water (secondary loop)

Closed loop geothermal district heating system (with heat exchanger)

\a

Dry steam condensing geothermal power plant
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Example of cascade use of geothermal energy

[
" — LI o 1-geothermal plant
0 5 100t 4 2-cooling plant
‘s = - 3-food processing
- 4-space heating of
b {lfe— :I residential buildings
ﬂ e |o D-greenhouses
= - g heating
,g o~ 6-fish breeding farm
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BIOMASS ENERGY
The term biomass refers to any biodegradable organic matter derived from biological sources
(fauna and entire flora of the Earth) by transformation through the process of photosynthesis

using the visible part of the solar radiation spectrum.

Biomass is the oldest known source of renewable energy. It has been used by humans for
thousands of years, beginning with the invention of fire up until today. It is called a renewable
energy source because its creation is continuous and unlimited, therefore it is also sustainable.
Biomass can be grown in unlimited quantities and produced in a relatively short time. It has a

heterogeneous and complex chemical composition.

Biomass as an energy source can include: plants in form of grass and trees, agricultural food and
fodder plants, waste residues from agricultural crops, industrial plants, waste and tree residues,
water plants and other waste materials, as well as some materials from municipal waste.
Bioenergy can be obtained from human and animal waste products as well. The energy stored in
plants and in waste produced by animals is called bioenergy. During the conversion process of
combustion, energy is released from biomass, often in the form of heat. The carbon re-oxidizes to
carbon dioxide and replaces the carbon which was absorbed while the plants were growing.

Essentially, the transformation of biomass into energy is the reverse process of photosynthesis.

Biomass can be used directly through combustion or indirectly through other processes. In indirect

use, biomass is transformed into a liquid (ethanol, methanol and biodiesel) or fuel gas (biogas).
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Biomass is any organic material obtained through the process of photosynthesis in flora species on

the Earth. According to its origin, the following classification of biomass can be established:

= forest waste
= agriculture wastes

= Jjvestock residues

= energy crops (forest, agricultural, industrial)

= algae
= industrial waste, and

®" municipal waste.
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Biomass conversion processes into end use products and possibilities for their application
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Examples of biomass

WIND ENERGY

4

The term “wind energy” refers to the process of transformation of kinetic wind energy into
mechanical or electric energy. Wind turbines convert the kinetic energy of wind into mechanical
energy which may be used directly or converted into electrical energy.

Winds are caused by unequal heating in the atmosphere, which is influenced by the solar radiation
and Earth’s rotation.

The wind blowing accommodates to the land configuration (water or ground surfaces) and

vegetation. Modern wind turbines can use this air movement, or this kinetic energy to generate

electricity.

heaten alr i

VPWIITN saa

Winds caused by local warming and cooling
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Types of wind turbines

HYDRO ENERGY

Water flows on the mainland of the Earth’s surface is derived from the circulation of water in
nature and therefore its energy is derived from solar radiation.

The first application of hydro energy was in transport, then, through the creation of mechanical
energy in driving mills, presses, forges, sawmills and other similar machinery became possible. The
first hydropower plant in the world was built in Bavaria in 1876 and was used to supply a palace
located nearby with electricity.

When talking about hydropower plants in terms of renewable energy sources, it is thought of
plants with low capacity (up to 5, i.e., 10 MW), although the largest hydropower plants can
generate power up to several GW. The main reason for this “discrimination” is due to the

sustainability of the use and its environmental impact.
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Tidal hydropower plant

4.3.  Solutions for clean water

While there are many things that need to be done in order to protect the environment, one highly
important method of maintaining the health of the environment is to reduce water pollution, of
which there are many effective solutions that can assist with this goal.

Water pollution results from harmful substances contaminating any body of water. These
substances typically include microorganisms and chemicals like oil. When pollution gets into a
body of water, it will cause the water quality to worsen and eventually become toxic to humans
and the surrounding environment.

In order to effectively tackle water pollution, it's important to understand what causes this
pollution to occur in the first place. The many causes of water pollution include everything from
incorrect sewage disposal to fast urban development. While it will take a substantial amount of
effort to lessen water pollution, there are many effective solutions that can help with the
reduction of pollution in all bodies of water. This article will take a look at some of the more

notable solutions, which include:

- Wastewater treatment.

Likely the most effective way to reduce water pollution is by treating some of the water before it’s
reintroduced into the waterways. This is a highly effective solution because wastewater treatment
facilities are able to remove nearly all pollutants in wastewater via a chemical, physical, or
biological process. Sewage will be taken through several chambers of the facility to slowly reduce

its toxicity levels.
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In order for wastewater treatment facilities to work exactly as intended, it’s important that the
equipment remains in great condition. There are a range of water treatment sensors that can be
used to be certain that the contaminants are being properly removed from the water before the
water is released back into the environment. These sensors include pH sensors, conductivity

sensors, and oxidation reduction potential sensors.

- Plastic Waste Reduction

Plastics are commonly washed into the ocean and other bodies of water, which only serves to
degrade the quality of the water. It’s believed that around 9-12 million tons of plastic reach the
ocean every year, which is a number that needs to be reduced substantially to make sure that the

quality of ocean water doesn’t worsen even more.

Along with water bottles, plastic is used in a myriad of different items that people use on an

everyday basis, which include everything from clothes to various items around the home. To help
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reduce the amount of plastic waste that gets cycled into the environment, it's recommended that

you avoid using plastics whenever possible. Seek alternatives for plastic bottles, plastic utensils,

and straws. Whenever you use plastic, make sure that you recycle.

- Water conservation

If you want to do your part to keep water clean and pure in a manner that will protect the
environment, it’s important that you focus on water conservation when possible. There are many
ways that you can conserve water on a daily basis. Whenever you’re shaving or brushing your

teeth, it’s recommended that you keep the water turned off.

If you take a shower every day, opt for shorter showers that don’t go longer than you require. You
could also decide to take a bath, which uses much less water. In the event that your landscape is
outfitted with a garden, try to use only the amount of water that your plants require. Water is a

scarce resource, which is why it’s important that you try to lessen your water usage when you can.

- Avoid using the yoilet as a wastebasket

If you want to avoid adding to water pollution, it’s recommended that you avoid using your toilet
as a wastebasket. Dust cloths, wrappers, and the majority of the tissues that you use should be
placed directly into a wastebasket as opposed to a toilet. These items heighten the possibility that
sewage lines will become blocked up and that the sewage will be difficult to properly clean when
taken through a wastewater treatment facility or septic tank. Aside from toilet paper, you should

avoid placing items in your toilet that would typically be reserved for the wastebasket.
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- Stormwater Management

Another effective solution for protecting the environment and reducing the amount of water
pollution is to manage stormwater when possible. When stormwater flows along sidewalks,
streets, and lawns, it picks up harmful pollutants that are then pushed into storm drains, streams,
and rivers. Stormwater can be treated and managed through a variety of different processes,
which include everything from sand filtration and electrocoagulation to reverse osmosis and

advanced oxidation.

It’s important to manage stormwater and the pollution within it because this water will eventually
reach rivers, streams, and oceans, which can worsen the pollution in these bodies of water.
Managing stormwater should help to lessen this issue and reduce the amount of pollution that

reaches the ocean.
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- Green agriculture

The agricultural sector uses upwards of 70 percent of the surface water supplies around the earth
for everything from livestock production to farming. Unfortunately, agriculture is the primary
cause of water pollution. Whenever it rains, the pesticides and fertilizes wash away with the
stormwater, which takes viruses and bacteria into the waterways. It’s possible, however, for

agriculture to be more friendly to the environment.

To foster the use of green agriculture, consider planting trees and other plants nearby bodies of
water, which will keep chemicals from being washed away when it rains. You should also avoid

using pesticides that contain harmful chemicals.

- Denitrification

Denitrification is a simple ecological process that’s designed to convert nitrates directly into
nitrogen gas, which helps to prevent nitrate from being taken into the soil and contaminating the
groundwater. When too much nitrate reaches groundwater, the nitrogen content of the water is

far too high, which causes algae and phytoplankton to grow at an accelerated rate.
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5. ANNEX: CREATED (MIN) 20 PREPARATORY NOTES FOR 45 MINUTES SCHOOL CLASSES FOR

IMPLEMENTATION OF ABOVE MENTIONED TOPICS IN DIFFERENT STEM-RELATED SCHOOL

SUBJECTS (DESCRIPTION OF STEM TEACHERS PRACTICAL WORK WITH STUDENTS IN

REGULAR SCHOOL CLASSES)

Lesson plan 1

Teacher Sanja Bozhinovska
Name of school - place SOU “Ljupco Santov- Kocani
Sector Gymnsium

Educational profile/ Qualification

General studies

Year of study

Teaching program

Think 2

Class of study

-7

Modular unit

Results from modular unit studying

Name of lesson unit

Energy efficiency solutions

Date 07.03.2024
Teaching |Lesson Forms ofMethods of teaching [Teaching techniques/strategies
type type teaching
TheoreticalNew unit Frontal . Monologue Brainstorming e Puzzle
lecture Repetition Group e Dialogue Role play . Pyramid/prism
Exercises |Grading Individual | e Illustration Grapes . Research
0 Pair work | e Demonstration| strategy o Observation of
Practice e Analysis — Venn diagram a lesson
synthesis Quiz e Discussion and
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Interview debate network
Maps e Centers of
If-then study
Question- o Two-column
answer diary

Other:

Results from learning the educational unit

Criteria

of grading the results

The student will be able to: define the
sources
importance of reducing and reusing energy and
know in which ways can contribute to save
energy in their everyday life..

different

of energy; show thela conscious

The student is able to: understand the importance of being

citizen in terms of energy usage and how to be

more efficient.

Necessary
fulfill the
unit:

resources to
educational

Presentation

https://www.storyjumper.com/book/read/170710111/65f8b73c206d3#

20240321 144321.jpg

Phases of work

Activities of the teacher

Activities of the students

Introduction

Introduces the new vocabulary in terms
of energy.

Write down the new vocabulary

New content

Explains that students are going to work
in three groups after they read an
article on energy consumption and
conservation in the United States.
Instructs the students in how to do the
research and make a short presentation
on their given topic.

Read the article , then work in their own group
making comparison on how energy is
conserved in our country and share their ideas
on how to be more efficient in terms of energy
usage.

They do a research about our country on :
group one how waste is managed, the second
group how to reduce energy by buying less and
producing less and group three how to reuse
some products or use durable products. Then
the students watch the presentation and note
the various spheres of everyday life in which
anyone can contribute to saving energy.

Use of the

acquired Each group of students presents their findings

knowledge/ and solutions and they compare the similarities

Reflexing and differences that they have included
compared to those in the presentation.

Correlation with other

modular units

Suggestions for improvement|

of the

implementation

lesson
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Teacher : Sanja Bozhinovska
(Signature)

Lesson plan 2

Teacher

Sanja Bozhinovska

Name of school - place

SOU “Ljupco Santov- Kocani

Sector

Gymnsium

Educational profile/ Qualification

General studies

Year of study Il
Teaching program Think 2
Class of study II-5

Modular unit

Results from modular unit studying

Name of lesson unit

Energy efficiency : How to save energy?

Date 11.03.2024
Teaching |Lesson Forms ofMethods of teaching [Teaching techniques/strategies
type type teaching
Theoretical[New unit Frontal . Monologue Brainstorming Puzzle
lecture Repetition| Group e Dialogue Role play e  Pyramid/prism
Exercises |Grading Individual | e [llustration Grapes . Research
. Pair work | e Demonstration| strategy . Observation of
Practice e Analysis - Venndiagram alesson
synthesis Quiz e  Discussion and
e  Practical work Interview debate network

e  Text reading Maps e Centers of
e  Other: If-then study
Question- e  Two-column
answer diary
o Other:

Results from learning the educational unit

Criteria of grading the results

them in

everyday

life to

The student will be able to: understand the[The student is able to: understand the importance of
possible ways of saving energy,

which arelreplacing energy from power plants with the one than can

renewable energy sources and how we can uselbe produced from renewable energy sources and how to
reduce energylbe more efficient in terms of energy usage.
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consumption.

Necessary

resources
fulfill the educational unit:

to| Presentation

https://padlet.com/emilijastanojkoval23 /energy-efficiency-

7dnav8vrqué4p3ap?

Phases of work

Activities of the teacher

Activities of the students

Introduction

Introduces the new vocabulary in terms|
of energy.

Write down the new vocabulary

New content

Explains that students are going to work
in three groups and think of possible
ways to conserve energy in terms of
lighting, cooling and heating as well as
transportation.

Instructs the students on how to do the
research and make a list of possible
solutions.

Work in their own group thinking about ways
to be more efficient in terms of energy usage
when it comes to lighting, cooling/heating
and/or transportation.

They do research and present their ideas.
Then the students watch the presentation and
note the various spheres of everyday life in
which anyone can contribute to saving energy.

Use of the acquired
knowledge/
Reflexing

Each group of students presents their findings

and solutions and they compare the
similarities and differences that they have
included compared to those in the

presentation.

units

Correlation with other modular

Suggestions for improvement of
the lesson implementation

Date : 11.03.

2024

Teacher : Sanja Bozhinovska
(Signature)
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Lesson plan 3

Teacher Irena Dimitrova Jordanova
Name of school - place SOU "Ljupco Santov" - Kocani
Sector Chemical laboratory technician
Educational profile/Qualification Chemical laboratory technician
Years od stady 2024
Teaching program Physical chemistry, Instrumental analyses
Class of study "z
Modular unit Conductivity
Name of lesson unit Chemical analysis of water
Date 13.03.2024
Teaching type Lesson type Forms of Methods of Teaching technigues/strategies
teaching teaching
e Demonstration e New e Frontal e Monologue Brainstorming
of experiment unit e Group e Dialogue Grapes strategy
e Demonstration Question - answer

e Analysis synthesis
e Practical

performance
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experiment

Results from learning the educational unit

Criteria of grading the results

The students will be able to:

It states the importance of water in everyday life

Recognizes a general formula for water

Differentiate between physical and chemical analysis of water
Applies conductivity measurment eguipment

Researches and experiments to present the obtained results

YV V V¥V V VYV VY

Compares the conductivity of water containing organic matter

(sugar, alcohol) and salt water

The students is able to:

YV V VYV V V

It states the importance of water in everyday life

Recognizes a general formula for water

Differentiate between physical and chemical analysis of water
Applies conductivity measurment eguipment

Researches and experiments to present the obtained results

Compares the conductivity of water containing organic matter

(sugar, alcohol) and salt water

Necessary resources to fulfil the

educational unit blackboard.

Advanced literature, laboratory equipment, laboratory instruments and chemicals for work,

https://padlet.com/jordanovairena/chemical-analysis-of-water-c35buupal1t19pgh

Phases of work Activities ot the teacher

Activiteies of the students

Introduction

healthy life".

1. Formulates a saying - "Water is life - clean water is a

2. Generates a storm of ideas, images and feelings

1. Discusses the concept of conductivity
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around the trigger word "conductivity"

3. Cluster filling

Main part

1. Students are divided into 4 groups. Each group needs
to bring a different type of water for the lesson (water
from the tap, well, river water, mineral water)

2. Shows what is meant by conductivity

3. It also explains what conductivity means

4. Creates a scripe for performing an experiment to
determination of water conductivity with a water
detector

5. Completes a table for the measured conductivity
value in water from the tap, well, river water, mineral
water.

6. Sugar is added to tap water and the conductivity is
measured.

7. Alcohol etanol is added to the tap water and the
conductivity is measured.

8. NaCl is added to tap water and the conductivity is

1. Students are divided into 4 groups. Each group
needs to bring a different type of water for the lesson,
while respecting the rules of sampling

| group —tap water

Il group — water from a well

Il group —river water

IV group — mineral water

2. Students interpret about the way of taking a test
and demonstrate about the type of test.

3. Actively follows the professor's demonstration of
using conductivity probe

4. They read a given script and perform experiments
to determine the conductivity of water

5. Record the obtained results in a laboratory diary

and fill in a table for the measured conductivity value
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measured

Finished part

Evaluation of the students' achievements by observing
the experiments and making a conclusion about the

conductivity of the water.

Filling in the obtained values in a table and making a

conclusion

Use of the acquired
knowledge/reflexing

This finished part, finished in a table.

Correlation with other modular units Physics, Neorganic chemistry,

Suggestion for improvement of the lesson

implementation

Date: 13.03.2024

Teacher: Irena Dimitrova Jordanova

(signature)

Lesson plan 4

Teacher

Irena Dimitrova Jordanova

Name of school - place

SOU "Ljupco Santov" - Kocani

Sector

Chemical laboratory technician
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Educational profile/Qualification Chemical laboratory technician
Years od stady 2024
Teaching program Analitic chemistry, Instrumental analyses
Class of study I’
Modular unit Water testing
Name of lesson unit Chemical analysis of water
Date 13.03.2024
Teaching type Lesson type Forms of Methods of Teaching technigues/strategies
teaching teaching
e Demonstration e New e Frontal e Monologue e Brainstorming
of experiment unit e Group e Dialogue e Grapes strategy
e Demonstration e Question -
e Analysis answer
synthesis
e Practical
performance
experiment

Results from learning the educational unit Criteria of grading the results
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The students will be able to:

It states the importance of water in everyday life

Recognizes a general formula for water

Differentiate between physical and chemical analysis of water
Uses pH meter, lacmus paper

Researches and experiments, presents the obtained results

YV V. V V VY V

Compares pH values and determines whether it is an acidic,

neutral or basic state

The students is able to:

YV V. V V VYV V

Differentiate between physical and chemical analysis of water

It states the importance of water in everyday life

Recognizes the general formula of water

Uses pH meter, lacmus paper

Researches and experiments, presents the obtained results
Compares pH values and determines whether it is an acidic,

neutral or basic state

Necessary resources to fulfil the

educational unit
blackboard.

Advanced literature, laboratory equipment, laboratory instruments and chemicals for work,

https://padlet.com/jordanovairena/chemical-analysis-of-water-hyiuuc4ao9lc16xe

Phases of work Activities of the teacher

Activiteies of the students

Introduction

healthy life".

around the trigger word "clean water"

3. Cluster filling

1. Formulates a saying - "Water is life - clean water is a

2. Generates a storm of ideas, images and feelings

1.Discusses the concept of water

2. Makes a comparison of clean and polluted water
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Main part

1. Students are divided into 4 groups. Each group needs
to bring a different type of water for the lesson (water
from the tap, well, river water, mineral water)

2. Shows what is meant by chemical analysis of water

3. Explains and demonstrates the role of a pH meter
and lacmus paper in the chemical analysis of water

4. Creates a script for performing an experiment to
determine the pH of water using a pH meter and lacmus
paper.

5. Completes a table of values for the measured pH

value.

1. Students are divided into 3 groups. Each group
needs to bring a different type of water for the lesson,
while respecting the rules of sampling

| group —tap water

Il group — water from a well

Il group —river water

IV group — mineral water

2. Students interpret about the way of taking a test
and demonstrate about the type of test.

3. Actively follows the professor's demonstration of
using a pH meter

4. They read a given script and perform experiments
to determine the pH of water with a pH meter and
lacmus paper

5. Record the obtained results in a laboratory diary

and fill in a table of values for the measured pH value

Finished part

Evaluation of the students' achievements by observing
the experiments and making a conclusion about the pH

of the water.

Filling in the obtained pH values in a table and making
a conclusion about the type of state in question

(neutral, alkaline or basic).
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Use of the acquired This finished part, finished in a table.

knowledge/reflexing

Correlation with other modular units

Biological, Neorganic chemistry,

Suggestion for improvement of the lesson
implementation

https://padlet.com/jordanovairena/chemical-analysis-of-water-hyiuuc4ao9lcl6xe

Date: 13.03.2024

Teacher: Irena Dimitrova Jordanova

(signature)

Lesson plan 5

Teacher

Jonce Mijalkov

Name of school - place

Ljupco Santov

Sector

Mathematics

Educational profile/ Qualification

Mathematics

Year of study

2023/2024

Teaching program

Complex interest payment

Class of study

V-4

Modular unit

Complex interest payment
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Results from modular unit studying

Calculate the complex interest payment

Name of lesson unit

Answer exercises with the usage of complex interest payment

Date 26.10.2023
Teaching type Lesson type Forms of Methods of Teaching techniques/strategies
teaching teaching
e Exercises e Repetition e Frontal e |llustration e Brainstorming
e Demonstration Research
e Analysis
e Theoretical e New unit e Group e Text reading e Discussion and
lecture e |llustration debate over the
lecture
e Frontal e Monologue
e Dialogue

Results from learning the educational unit

Criteria of grading the results

The students will be know what is complex interest payment and

know the formulas for calculating complex interest payment and

to use them in certain exercises

Results from the individual exercises, discussion around certain

problems and the group exercises between the students

Necessary resources to fulfill the

educational unit:

Educative short videos, texts

https://www.storyjumper.com/book/read/170760831/65f9fb81c466b

Phases of work

Activities of the teacher

Activities of the students

Introduction

Makes a introduction about complex interest payment

Listen to the introduction about the complex interest
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payment

New content Demonstrates short videos and texts about simple

interest payment
Divide the students in 3 groups

The first group of student has a task to register the
collected plastic bottles in kg from the first floor.

The second group of student has a task to register
the collected plastic bottles in kg from the second
floor.

The third group of student has a task to register the
collected plastic bottles in kg from the third floor.
The students have a task to collect all this
information for the next lecture and to calculate
how much kg of plastic we will collect from the 3
floors during the whole day and approximate how
much would we collect during the whole school year.
After all of this if 1kg of plastic cost a certain amount
how much can we accumulate from the whole year
and if invest that amount in a bank how much would
they increase if we have complex interest payment

Use of the acquired The teacher asks about usage of the complex interest
knowledge/ payment in the day-to-day basis
Reflexing

The preservation of the nature and the financial gain
from this experiment

Correlation with other modular units

Relationship between man and nature

Suggestions for improvement of the
lesson implementation

Date:__ 1.12.2023

Teacher __J.Mijalkov
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Lesson plan 6

Teacher

Jonce Mijalkov

Name of school - place

Ljupco Santov

Sector

Mathematics

Educational profile/ Qualification

Mathematics

Year of study

2023/2024

Teaching program

Proportion of sizes

Class of study

-2

Modular unit

Proportionality of magnitudes

Results from modular unit studying

Calculate payments of different types

Name of lesson unit

Simple interest payment

Date 10.11.2023
Teaching type Lesson type Forms of Methods of Teaching techniques/strategies
teaching teaching
e Practise e New unit e Individual e Demonstration o Quiz
e Analysis o [f-then
e Practical work e Discussion
debate for
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lecture
e Theoretical e Repetition e Group e Text reading e Brainstorming
lecture e |llustration e Question-answer
e Research
e Exercises e Frontal e Monologue
e Dialogue

Results from learning the educational unit

Criteria of grading the results

The students will be know what is simple interest payment and
know the formulas for calculating simple interest payment and to

use them in certain exercises

Results from the individual exercises, discussion around certain

problems and the group exercises between the students

Necessary resources to fulfill the Educative short videos, texts

educational unit: Web tool: https://www.storyjumper.com/book/read/170708701/65f8b117b4f8e#t

Phases of work Activities of the teacher Activities of the students

Introduction Makes a introduction about simple interest payment Listen to the introduction about the simple interest
payment

New content Demonstrates short videos and texts about simple Task 1:

interest payment
Divide the students in 3 groups

The first group has a task to find out the
consumption of electrical energy in kw/h in one
household on the following electrical appliances:

Electrical ovens and microwaves, Washing machine
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and dryer, TV and Electronic equipment

The first group has a task to find out the
consumption of electrical energy in kw/h in one
household on the following electrical appliances:
Lighting(ex. Light bulbs), Refrigerator and freezers,
Water and space heating

The first group has a task to find out the
consumption of electrical energy in kw/h in one
household on the following electrical appliances:
Dishwashers, Small electrical appliances,

After everything has been gathered, we sum up
how much kw/h is needed for a single household and
we’ll multiply it by the price for 1 kw/h and we’ll get
the total price needed for electricity.

Task 2: They will need to find out how much
kw/h electrical energy is being generated by one
solar panel.

Task 3: If we install ten solar panels by how much
would the electricity bill go down

Use of the acquired
knowledge/
Reflexing

The teacher asks about usage of the simple interest
payment in the day-to-day basis

With the installation of the solar panels we lower

the electricity bill by a significant amount and have
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no drawbacks in the region of air pollution

Correlation with other modular units

Relationship between man and nature

Suggestions for improvement of the
lesson implementation

Date:__ 10.11.2023

Teacher __J.Mijalkov

(Signature)
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Lesson plan 7

Teacher VERICA KRSTOVA

Name of school - place SOU ,,Ljupco Santov“- Kocani
Sector High school

Educational profile/ Qualification Natural — mathematical area
Year of study 2023/24

Teaching program Physics

Class of study [l year

Modular unit Physics i ecology

Results from modular unit studying

. Sound waves - noise
Name of lesson unit

Date 11.03.2024 g.
Teaching type Lesson type Forms of teaching | Methods of teaching Teaching techniques/strategies
e Theoretical lecture | e New unit e Frontal e Dialogue e Questions-answer e Research
e Group e |llustration e Concept mapping e Network of discussion
e Individual e Analysis - synthesis | ¢ Discussion and debate
e Reading and e Debate
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working on text

Results from learning the educational unit Criteria of grading the results
The student will be able to: The student is able to:
- recognizes and differentiates sound waves with different - recognizes and distinguishes sounds from different sources and
intensities and frequencies with different frequencies
- to know about the advantages and consequences of noise - knows what are the advantages and consequences of noise

- https://www.mystorybook.com/story/4v9qgD

Necessary resources to fulfill the

educational unit: - Computer, internet, pictures, drawings, textbook,

- visual devices, blackboard

Stages of realization Activities of the teacher Activities of the students
- Intense and especially long-lasting noise has a - listen, think,
harmful effect on the human organism. Let's ask - answers questions

ourselves why? - gives his thoughts

Introductory part - Motivating students to give their thoughts about
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Main part

intense and long-lasting noise in everyday life: at
home, on the street, at school, at the workplace, in
a cafe, disco, etc., what are the advantages and

consequences of noise

Explains and defines the field of acoustics

Lists, describes and defines what are the physical
characteristics of sound waves

Defines and explains the occurrence of sound
resonance
Records and defines measurement units for
loudness and intensity — sound volume

Describes and explains about the occurrence of

reverberation application and advantages

Gives a research activity for monitoring and

analyzing noise in different locations with the sense

discusses,
writes down, draws

participates in the explanation

individually monitors and analyzes noise in
different locations with the sense of hearing and

with an instrument - sonometer (phonometer)
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Final part

of hearing and with an instrument - sonometer
(phonometer) which are advantages and

consequences

lists the advantages and consequences of noise
analyzes what are harmful and useful sound
intensities and the sources that contribute to the

increase in noise

New content

To learn new terms and quantities of sound waves -

acoustics - noise, advantages and consequences

Acquires and adopts contents for sound waves -

noise

Use of the acquired
knowledge/ Reflexing

Assigns homework,

guestions orally, prepares a teaching sheet

ability to measure and distinguish noise from
different sources

protection of the human environment from noise

Makes homework, answers orally

Measures and analyzes noise from various sources
Knows how to protect himself in the environment
from noise

Knows the advantages and harmful consequences

of intense and long-lasting noise

Correlation with other modular units

- With mathematics and appropriate contents of chemistry, biology

Suggestions for improvement of the lesson

implementation
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Subject teacher: VERICA KRSTOVA

Lesson plan 8

Teacher

VERICA KRSTOVA

Name of school - place

SOU "Ljupco Santov" - Kocani

Sector

High school

Educational profile/ Qualification

Natural — mathematical area

Year of study 2023/2024
Teaching program Physics
Class of study

Il year

Modular unit

Modern physics

Results from modular unit studying

Name of lesson unit

Application of the phenomenon photoeffect
Date 14.03.2024 g
Teaching type Lesson type Forms of Methods of Teaching techniques/strategies
teaching teaching
e Theoretical e New content e Frontal e Monologue | e Brainstorming e Brainstorming
teaching e Repetition e Group o Dialogue e Role playing e Research
e Exercises e Evaluation ¢ Individual e |lllustration e Bunch e Attending class
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e Practical e Workin pairs | ¢ Analysis - | e Venn diagram e Network of discussion and
teaching synthesis e Quiz debate
e Reading and | e If-then e Learning centers
working on | ¢ Questions-answer e Logintwo columns
text
Results from learning the educational unit Criteria of grading the results
The student will be able to: The student can:
v' recognize and apply the application of v recognizes and enumerates the application of photovoltaics
photovoltaics v" knows what are the advantages of using photovoltaics
v to know about the advantages of using
photovoltaics

Necessary resources for the
realization of the teaching
content DmOyGEp-CupNyKSN1PkZhs

https://www.storyjumper.com/book/read/170596491/65f3ab338cdf2?fbclid=IwAR1XW8vYM1PRLCwgOARpy-

Hiubza6QFmFdBEY#page/9

https://padlet.com/stefanisaneva/padlet-
knlbublb9oux7m6b?fbclid=IwAR20nFLZDdLQLLjUPqo7f9NK6zLSj5b5zR8r-GhQbZad48QgUCVkz7fYObI

v' computer
v’ internet, pictures, drawings, textbook
v’ visual devices, collection of tasks, blackboard



https://www.storyjumper.com/book/read/170596491/65f3ab338cdf2?fbclid=IwAR1XW8vYM1PRLCwg0ARpy-Dm0yGEp-CupNyKSN1PkZhsHiubza6QFmFdBEY#page/9
https://padlet.com/stefanisaneva/padlet-knlbub1b9oux7m6b?fbclid=IwAR2OnFLZDdLQLLjUPqo7f9NK6zLSj5b5zR8r-GhQbZad48QgUCVkz7fYObI
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Stages of realization

Activities of the teacher

Activities of the students

Introductory part

Main part

Final part

Photovoltaic technology is one of the
modern preoccupations of today's physics.
Let's ask ourselves why?

Motivating students to give their thoughts
on the appearance of the photoeffect and
application of the photoeffect in
photovoltaics-photoelements-
photoresistors

What are the advantages of using
photovoltaics

Explains and defines the phenomenon of
photoeffect

Analyzes how the photocell and photocells
work

Define photocurrent, photons

Write down and explain about Einstein's
photo effect equation

Describes and explains the application and
advantages of photovoltaics

Gives research activity on photovoltaics,
application and advantages

listen, think
Answers questions
gives his thoughts

ASANEN

v discusses, writes down, draws
v’ participates in the explanatio

v Researches individually about the occurrence of photoeffect
v analyze how photovoltaics work using pictures and diagrams

v' enumerates some of the advantages of using photovoltaics

New content

To learn new concepts of photo effect and

v" Acquires and adopts content for photovoltaics
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application of photovoltaics

Use of the acquired v Assigns homework v' Makes homework, answers orally
knowledge/ Reflexing v questions orally, prepares a teaching sheet v" Demonstrate and analyze
v' monitors students' activity v’ Solves syllabus

v’ ability to demonstrate and solve tasks
Correlation with other modular
units

v' With mathematics and appropriate contents of chemistry, biology

Suggestions for improvement of the
lesson implementation

Date of issue: 14.03. 2024 g. Subject teacher: VERICA
KRSTOVA
Lesson plan9

Teacher MARIA BELTSIOU

Name of school - place 15T EXPERIMENTAL LYCEUM OF LARISSA - GREECE

Sector CHEMIST

Educational profile/ Qualification Chemist / Education Chemist

Year of study 2023-24

Teaching program Organic Chemistry, Environmental Chemistry

Class of study B Lyceum

Modular unit Air pollution
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Results from modular unit studying

Name of lesson unit Exhaust fumes — car catalyst
Date 2024
Teaching type Lesson type Forms of teaching | Methods of teaching | Teaching techniques/strategies
e Theoretical e New unit e Frontal e Monologue Brainstorming
lecture e Group e Dialogue Discussion
e Practice e Demonstration Question -
° Sl.mulatlon answer
* V'd69 Observation
* Practical of a lesson
performance Cooperation
experiment
Results from learning the educational unit Criteria of grading the results
The students will be able to: The students are able to:

=

state the importance of breathing fresh air in everyday have active involvement and participation in the discussion

life

=

complete chemical equations of combustion reactions

=
=

understand how hydrocarbon combustion works record the effects of inhaling gaseous pollutants

=

recognize complete and incomplete combustion

=

to explain the action of catalysts

=

identify gaseous pollutants record conclusions

29
=

understand the dangers of carbon monoxide (CO) for the

=

become environmentally conscious

human body
> recognize carbon dioxide (CO2 ) as responsible for the have an active participation in the protection of
greenhouse effect the environment

=

propose ways to reduce air pollutants
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> recognize nitrogen oxides and their contribution to the

photochemical cloud develop abilities to argue and substantiate their opinions

> realize the necessity of using unleaded petrol instead of
diesel

> understand the operation of automotive catalytic
converters

» understand the necessity of regular car maintenance

> realize the necessity of reducing fossil fuels.

Necessary resources to fulfill the educational unit: PC or Tablets, Interactive Whiteboard, Scientific articles, Images,
Worksheets Educational video :

https://photodentro.edu.gr/v/item/ds/8521/10916

https://www.youtube.com/watch?v=cRnpKjHpFyg

https://www.youtube.com/watch?v=e6rglsLylYs

https://www.youtube.com/watch?v=Dwkh46MZuic

Phases of work Activities of the teacher Activities of the students

Introduction 1. generates a storm of ideas, images and 1. students express their ideas

2. students clarify the concept of air pollution by

differentiating it from contamination
3. students discuss about sources of pollution

feelings around the trigger word "clean air"

2. shows images of smog cities

3. asks students to report what they know about
airpollution and writes the words-phrases on

the board.

4. asks the students what they know about burns

New content 1. He /she presents a simulation of pollution 1. They are organized in working groups of 3-4

sources people

2. He/ she gives the students articles about air 2. Students watch the simulations and videos
pollutants 3. The students discuss with each other, cooperate

3. He/ she presents a simulation about and complete the worksheets givento them
hydrocarbon combustion 4. students collect information and classify

4. He/she gives the students all information they
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need about exhaust fumes gaseous pollutants
He/she shows the students a car exhaust andexplains how 5. the students, by the help of the teacher,

it works complete the reactions that take place in the
catalytic counters
Use of the acquired The teacher asks the students to find ways to reduce Students discuss in groups and propose
knowledge/ Reflexing their personal carbon footprint solutions:
He/she asks them think of ways to produce energy e use of public transport, buses and
without burning fossil fuels trains

e for short journeys, walk or cycle
e use of renewable energy sources

Correlation with other modular units

Biology

Suggestions for improvement of the lesson
implementation

Date :31/10.2023

Teacher

Lesson plan 10

Teacher Maria Beltsiou

Name of school - place 15t Experimental Lyceum Larissa

Sector Chemist

Educational profile/Qualification Chemist/ Education Chemist

Years of study 2023

Teaching program Analytical Chemistry, Environmental Chemistry
Class of study B Lyceum

Modular unit

Water testing
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Name of lesson unit Phosphate ions chemical analysis of water
Date 10.10.2023
Teaching type Lesson type Forms ofteaching | Methods of teaching | Teaching techniques/strategies
e Theoretica e New unit Brainstorming
IIectu_re e Frontal . Monologue Question -
e Practice e Group e Dialogue
. answer
e Demonstration
. . Research
e Analysis synthesis )
. Observation of
e Practical
alesson
performanc
e
experiment
Results from learning the educational unit Criteria of grading the results
The students will be able to: The students are able to:
> State the importance of water in everyday life > State the importance of water in everyday life
> Recognize a general formula for water > Recognize a general formula for water
> Differentiate between physical and chemical analysis of > Differentiate between physical and chemical analysis of
Water Water
» Understand the water quality control » Understand the water quality control
» Detect of phosphate ions in water » Detect of phosphate ions in water
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Necessary resources to fulfil theeducatiar professional literature, laboratory equipment, laboratory instruments and chemicals for work,

unit blackboard.
Phases of work Activities of the teacher Activities of the students
Introduction ] ] )
1. Generates a storm of ideas, images and feelings 1. Discusses the concept of water
around the trigger word "clean water" 2. Understands the importance of clean water for all
2. Shows images of lake with eutrophication effect organisms
3. Shows pictures of pesticide packages 3. Recognizes the effects of the reckless use of
fertilizers
Main 1. Students are divided into 3 groups. Each group demies) (el

part needs to bring a different type of water for the lesson
(tap water, river water, mineral water)

2. Explains and demonstrates the role of chemical
analysis

3. Explains the concept of chemical reaction

4. Creates an experimental procedure for the detection
of phosphate ions in water

5. Record the conclusions and visual indications of the
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water for the lesson, while respecting the rules of
sampling

| group — tap water

Il group — river water

Il group — mineral water

2. Students become familiar with the use of chemical
instruments

3. They read a given recipe and perform an
experiment to detect phosphate ions in water

4. Students learn to observe the products of a

ns
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complete a table with their observations

Finished part Evaluation of the students' achievements by observing

how they work and make conclusion about the

phosphate ions in water

Completing the observations in a table and drawing
conclusions about the quality of the various water
samples

Use of the acquired This finished part, finished in a table.

knowledge/reflexing

Correlation with other modular units

Biology, Inorganic Chemistry

Suggestion for improvement of the lesson
implementation

Date:

Teacher:___Maria Beltsiou

(signature)
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Lesson plan 11

Teacher CHRYSOULA TZIMOURAGKA

Name of school - place 15T EXPERIMENTAL LYCEUM OF LARSSA - GREECE
Sector NATURAL SCIENCE

Educational profile/ Qualification BIOLOGY

Year of study 2023 -2024

Teaching program BIOLOGY

Class of study B

Modular unit ECOLOGY

Results from modular unit studying

Name of lesson unit

EUTROPHICATION

Date
Teaching type Lesson type Forms of teaching | Methods of teaching | Teaching techniques/strategies
e Theoretica e New unit e Brainstorming Case study
llecture e Group e Dialogue e Concept
e lllustration Debate
e video mapping
e Discussion
e Cooperation

Results from learning the educational unit

Criteria of grading the results
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The student will be able to:

e report and describe the negative consequences of
human intervention in the orderly functioning of aquatic
ecosystems

e understand the phenomenon of eutrophication and
bioaccumulation

e associate the phenomenon with the degradation of the
aquatic environment and human health

¢ identify ways to avoid pollution.

e recognize the necessity of wastewater treatment.

The student is able to:

have active involvement and participation in the discussion.
correspond to the proposed teaching material.

draw conclusions

feel the value of environmental consciousness.

realize the responsibility of the individual and the whole
forundertaking environmental actions.

suggest sustainable measures to be taken

develop abilities to argue and substantiate their opinions

mobilize on issues concerning the protection of

the environment

88



Co-funded by

the European Union

HUMAN

RESOURCE

DEVELOPMENT
LA CENTRE

Necessary resources to fulfill the educational unit:

Educational

PC or Tablets, Blackboard, Worksheets, Images

video from

https://www.youtube.com/watch?v=eEZy8xzgE6s

https://www.youtube.com/watch?v=BCDgKN6i7aU

youtube:

Phases of work

Activities of the teacher

Activities of the students

Introduction

1.

He asks students to report what they know about
water pollution and writes the words-phrases on
theboard.

He asks the students to organize thematically
the words-phrases they mentioned e.g. in
causes, effects and ways of coping

a.
b.

They brainstorm ideas

They carry out mapping of the concept of
"water pollution”, which will include the
relationship between human activities and the
phenomenon ofpollution
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New content

He makes a brief introduction of the
phenomenon of eutrophication using audiovisual
media (images, videos)

He gives, on one sheet of paper, a short case
study of Lake Koronia, which exhibits the
phenomenon of bioaccumulation, and identifying
the causes and consequences can lead to the
finding that bioaccumulation of heavy metals is
observed in Lake Koronia.

After he has taken care to collect information
about the phenomenon of eutrophication in the
lake of Kastoria, he asks the students, following
the coursethat the teacher had applied earlier,
to determine the phenomenon

They are organized in working groups of
3-4people

They(having the sheet with the information)
are invited to follow the way in which the
case is studied

They can deal with the case study of
LakeKastoria, divided into groups

Use of the acquired
knowledge/
Reflexing

He asks the students to conduct a "debate" on
the subject of the freezing of industries and
crops.

He asks to be divided into three groups: one
(three members) for the role of the judge, one
for the roleof the members of an environmental
organization and the third for the role of the
members of the union of industrialists and
farmers

At the end, after all the points of view have
beenheard, he asks the panel-judge to decide
on the

They are divided into three groups to hold
the"debate".

The group - members of the
environmentalorganization argues in favor

of this position

The group - members of the union of
industrialists and farmers argues against this
position

The panel-judge monitors and records the
debate and developing her own arguments
decides on theoutcome
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outcome of the trial, justifying it with its own
arguments.
Correlation with other modular units Chemistry

Suggestions for improvement of the lesson
implementation

Date : Teacher Chrysa Tzimouragka

(Signature)
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Lesson plan 12
Teacher CHRYSOULA TZIMOURAGKA
Name of school - place 15T EXPERIMENTAL LYCEUM OF LARSSA - GREECE
Sector NATURAL SCIENCE
Educational profile/ Qualification BIOLOGY
Year of study 2023 -2024
Teaching program BIOLOGY
Class of study B
Modular unit ECOLOGY

Results from modular unit studying

Name of lesson unit

BIOACCUMULATION

Date
Teaching type Lesson type Forms of teaching | Methods of teaching | Teaching techniques/strategies
e Theoretica e New unit
llecture e Group e Demonstration e Discussion
e Practice e Practical work e Laboratory simulation
e Demonstratio ofphenomenon
nexperiment e Hypothetical model study
e Modeling
workshop
s

Results from learning the educational unit

Criteria of grading the results
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The student will be able to:
a. understand in a visual way the concept of bioaccumulation
b. relate the phenomenon to a specific category of pollutants

c. connect the phenomenon with everyday life issues
d. realize that bioaccumulation is a serious environmental

problem with implications for human health as an apex

The student is able to:
1. have active involvement and participation in the execution
ofthe experimental process
2. calculate concentrations
3. draws conclusions

4. corresponds to the proposed teaching material.

predator

e. calculate concentrations

f. perform experiments and draw conclusions

g. distinguish/discover the assumptions of the textbook and
realize that they are conventions in order to study the
phenomenon

h. strengthen their scientific literacy

5. suggests viable measures to be taken and implemented to address
the phenomenon

Necessary resources to fulfill the educational unit:

Materials of everyday use for the experiments and modeling of the
phenomenon: volumetric cylinders (corresponding to 3 trophic levels of|
a hypothetical ecosystem), water (= biomass of organisms), oil (= non-
biodegradable pollutant), beans (white and black-eyed) = population of|
producers of a hypothetical ecosystem with 4 trophic levels, the black
ones represent the producers that have absorbed a certain amount of|
DDT, beakers labeled "zooplankton", "atherina" and "osprey". (Each
cup corresponds to one consumer), large and small plastic water bottles
calibrated, funnel, small piece of tulle, rubber band, liquid disposal
basin, pieces of plastic

Worksheets

Phases of work | Activities of the teacher

| Activities of the students
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Introduction

He/she introduces the phenomenon of
bioaccumulation by presenting the
demonstration experiment and after dividing

thestudents into groups, gives the Worksheet to
each group

They fill in the Worksheet the concentrations
of the pollutant at each trophic level and
discuss the limitations and assumptions of the
model

New content

He/she gives each group the Worksheet and
materials to conduct the 1st experiment to
calculate the amount of pollutant per person at
each trophic level of the hypothetical ecosystem
He/she gives each group the Worksheet and
materials to conduct the 2nd experiment to
calculate the concentration of the pollutant
bytrophic level

He/she asks students to determine the burden
ofthe toxic pollutant at each trophic level

They perform the procedure for the 1st
experiment and repeat it three times (1st,
2nd, 3rd test) to average the amount of
pollutant per individual to see the increase in
pollutant concentration in the organisms of
the higher trophic levels

They complete the Worksheet and discuss the
limitations and assumptions of the model as
well as the corresponding ones of the textbook
They carry out the procedure for the
2ndexperiment complete the Worksheet

and

discuss the reasons why not all the water was
transferred from each bottle to the next, the
reasons why 90% of the biomass of each level
is lost as well as the limitations and the

assumptions of the specific model that
coincide with those of the textbook

Use of the acquired
knowledge/ Reflexing

He/she asks for the presentation of the results
of the groups in the plenary session of the
class, the drawing of conclusions and the
formulation of proposals to deal with the
phenomenon of bioaccumulation

They discuss the results of the groups in the
whole class.

They draw conclusions and formulate
proposals for dealing with the phenomenon

of
bioaccumulation

Correlation with other modular units

Chemistry
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Suggestions for improvement of the lesson
implementation

Date: 17/2/2024 Teacher _ Chrysa Tzimouragka
(Signature)

Lesson plan 13

Teacher Athina Karalopoulou
Name of school - place 1° Experimental Lyceum of Larisa
Sector Language
Educational profile/ Qualification Language
Year of study 2023
Teaching program
Class of study B’ class
Modular unit Renewable energy sources
Results from modular unit studying Knowledge and awareness about energy sources
Name of lesson unit ‘Exploring the characteristics of renewable energy sources’
Date 20/11/2023
Teaching type Lesson type Forms of teaching | Methods of teaching Teaching techniques/strategies
e Theoretic e New unit e Frontal e Monologue e Brainstorming e Research
allecture e Group e Dialogue o If-then e Discussion and
« Exercises o lllustration * Question-answer debatenetwork
e Analysis — synthesis « Two-column diary
e Text reading

Results from learning the educational unit \ Criteria of grading the results
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The student will be able to:

> know the characteristics of renewable energy sources > differentiate between

> evaluate the positive effects of renewable energy sources in

dealingwith the climate crisis

> distinguish the advantages and disadvantages of renewable

energysources

> recognize the importance of the use of energy to confront

with the

The student is able to:

sources

energysources

renewable and non-renewable energy

> develop thoughts and concerns about the use of renewable

> make diagrams/tables with the advantages and disantvantages

ofrenewable energy sources

ecological crisis

> raise awareness of energy waste and smart energy use

Necessary resources to fulfill the

educational unit:

Educative videos, texts, blackboard, professional literature

Phases of work

Activities of the teacher

Activities of the students

Introduction

The teacher

1. makes a brief introduction about energy sources 1. develop
2. Generates a storm of ideas by asking the students
to listvarious forms of energy they have in mind

The students

(with the help of teacher) a

conceptual mapthat lists and depicts different

forms of energy
2. distinguish between renewable and non-
renewablesources
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New content The teacher The students
1. selects and demonstrates short videos and texts 1. watche and proccess the videos and texts
aboutrenewable energy sources aboutenergy sources.
2. students are divided into 4 groups 2. They participate in a relevant discussion.

3. Each group of students picks a renewable source
of energy and is tasked with exploring the
characteristicsof this form of energy.

4. Each group creates a two-column table
showing the pros and cons of renewable
energy.

5. Finally they play a game in which they make
hypotheses about what will happen if renewable

energy
sources are adopted and what will happen
otherwise.

Use of the acquired The teacher asks the students to write an article (for the | Students reflect and express their thoughts and opinions

knowledge/ schopl/local newspapgr) or create a video with his/her aboutthe usefulness of using renewable energy sources

) opinion about alternative energy sources
Reflexing
Correlation with other modular units Ecological crisis, Human rights, relationship between man and nature

Suggestions for improvement of the
lessonimplementation

Date: 20/11/2023 Teacher Athina Karalopoulou

(Signature)
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Lesson plan 14

Teacher THOMAS OIKONOMOU

Name of school - place 15T EXPERIMENTAL LYCEUM OF LARISA - GREECE
Sector MATHEMATICS

Educational profile/ Qualification MATHEMATICS

Year of study 2023 -2024

Teaching program

ANALYTICAL MATHEMATICS

Class of study

3RD GRADE ()

Modular unit

STATISTICS OF WATER’S pH

Results from modular unit studying

Name of lesson unit

ANALYSIS PHENOMENON OF pH

Date

10-10-2023

Teaching type Lesson type Forms of teaching

Methods of teaching | Teaching techniques/strategies

e Theoretica e New unit
llecture e Group
e Frontal

e Brainstorming
e Dialogue e Question
e Practical work -answer

Results from learning the educational unit

Criteria of grading the results

The student will be able to:

e develop interest in the important issue of water

The student is able to:

e to beinterested in the usefulness and assurance of water quality

shape the consciousness of sensitive and responsible
citizens around this issue throughout their lives

acquire appropriate knowledge about the quality of

e realize the potential of using Statistics to collect, record and
analyze the pH of groundwater in a flooded area

o form appropriate ecological awareness around this issue, water
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water, its components and its correct proportions e gain knowledge about the qualitative and quantitative

e understand the pH values of water (what does pH >=<7 characteristics of water components

Ll R R ol 2 e understand that acidic wastewater has pH<7 and basic

e understand the contribution of Statistics and its wastewater has pH>7 and neutral pH=7

methods to various problems related to the proper
management of

recorded water pH values - especially in flooded areas
Necessary resources to fulfill the educational unit:

Appropriate measuring instruments to obtain the pH values of the
water of the area in question, Statistical tables

Plots of grouped observations

Graphical representations of frequency distributions Histograms
Circular diagrams Schedules Scatter plots

Measures of position and variation Plots of linear regressions

Videos
Phases of work Activities of the teacher Activities of the students
Introduction 1. He shows documentaries that highlight a. They watch documentaries
theimportance of water b. They experiment to write new slogans

2. He presents important scientific and
ecological positions around the importance of
water quality

3. He points out the slogan "water is life - clean
wateris healthy life"
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New content

1. He makes a brief introduction

2. Guides students through appropriate applications
and exercises in the practical understanding of

priorknowledge

3. He oversees their work around the pH values of

thegroundwater in the area in question
4. He asks students to be divided into three

groups: 1st (four members) for planning the
data collection process, 2" for the concise and
effective presentation of these, 3™ for the

They are organized in working groups of
3-4people

They (having the sheet with the information)
areinvited to follow the way in which the case
is studied

The students experiment on the practice with
theguidance of their teacher

undertake responsibly and systematically
thecorresponding action
They present their
supervisingprofessor

work to the

analysis and drawing of corresponding
conclusions
5. He gives, on one sheet of paper, a short case study
6. He collects results
Use of the acquired 1. This work is taking digital form.
knowledge/ 2. It is presented throughout the school and a. Students frame their work with photos and
Reflexing added tothe school unit database videos illustrating their efforts and their
3. It is disseminated through Management and to measurements
other ; ; ;
b. They present it to the entire school communit
bodies to expand knowledge yp Y
4. Awareness and Appropriate Internet Exploitation
and Use.
Correlation with other modular units Chemistry
Suggestions for improvement of the lesson
implementation
Date :12/10/2023 Teacher

Thomas Oikonomou
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6. REFERENCES

1) IEE Project IUSES: https://www.iuses.eu

2) https://sensorex.com/effective-water-pollution-solutions-to-protect-our-environment/ (for the part

«Water Sollutions»)
3) Erasmus+ Project «<ECO Gardens in Our Kindergartens», intellectual output «Handbook for pre-

school teachers», accessible at: http://ecogardens.eu/intellectual-outputs/ in English, Bulgarian,

Croatian, and Macedonian languages

4) Erasmus+ Project STEAM KKIDS - https://steamkidsproject.eu
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