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Abstract — The energy efficiency — indoor air quality dilemma is well known and the main
drawback to operate the mechanical ventilation is electricity costs as concluded from previous
studies. Educational buildings are one of the places where future taxpayers spend a lot of
time. This paper aims to study an alternative solution on how to reduce energy efficiency —
indoor air quality dilemma in educational buildings by adopting systems that use renewable
energy sources. A typical education building in Latvia is taken as a case study by changing it
from a consumer to prosumer. This building type has a specific electricity usage profile that
makes the choice of photovoltaics (PV) power quite challenging so the various power options
have been analysed and used for an electricity solution. Also, the more decentralised
preference is chosen — disconnect from a public heating provider and using a local system
with a pellet boiler. Educational buildings using PV can reduce the electricity tariff, but the
payback periods are still not very satisfactory without subsidies. The average electricity tariff
per month varies between scenarios and the best one is for the scenario with 30 kW installed
power. The educational building partly using 16 kW PV system reduces not only its bill for
electricity but also reduces CO2 emissions by around 36 tons. The education buildings as
energy prosumers using renewable energy sources are reducing GHG emissions by having
high indoor air quality.

Keywords — educational buildings; energy efficiency; indoor air quality; prosumers;
renewable energy sources; GHG emissions.

1. INTRODUCTION

The largest energy consumers in Europe are buildings that account for approximately 40 % of
EU energy consumption and 36 % of CO; emissions in the European Union [1], [2]. EU sets three
main aims till 2050 with two steps in the 2020 and 2030 (see Table 1). The aim to cut greenhouse
gas emissions is already fulfilled but the goal in regard to share of renewable energy and
improvement in energy efficiency are not yet fulfilled.

EU has set the target for EU countries to make energy efficient renovations annually in at least
3 % of buildings owned and occupied by central governments. Latvia in a 2018 report [6] has
achieved its annual target in terms of renovated floor area. As a sustainable approach to improving
the energy performance of existing buildings, retrofits have become popular for the past decades.
It is vital to improve energy performance of buildings, therefore, reducing greenhouse gas
emissions by building refurbishment and substituting electricity production from fossil fuels with
renewable sources. The last decade has introduced energy efficiency as a widespread topic.
Building location, orientation, size and height are spatial geometric building features that define
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the relationship with the local environment: sun, wind and also the surrounding buildings [7].
These features and their relationship should be considered before adopting energy efficiency
measures as well as renewable energy resource usage for energy gains.

TABLE 1. EU MAIN AImMS [1], [3]-[5]

Years 2020 2030 2050
Cuts in 80
greenh_oqse 20 40 100
gas emissions

Share for

renewable 20 32 100
energy

Improvement

in energy 20 325 41

efficiency

The results of the paper [8] show that ventilation flow needs to be checked before commencing
building renovation. Therefore, this estimation would show the real effect that could be achieved
while maintaining proper air quality before the building modernization is under consideration.
Improved airtightness of the building envelope introduces the need for higher ventilation rates.
The operation of mechanical ventilation systems provides comfortable climate conditions as well
as lead to a higher energy bill. At one point, the systems are not working at all to save money and
indoor air quality decreases [9], [10]. Bad indoor air quality can affect not only students in a school
environment but also office workers [11] and doctors in health institutions [8]. This creates the
conflict between energy efficiency and indoor air quality and is considered a dilemma that is
presented by various authors [12]-[17] and is still a challenge within the building sector. We
cannot neglect the true purpose of a building: to provide the occupants with a comfortable and
healthy indoor environment in spite of the risk of higher energy consumption. There should be a
possibility to use renewable energy sources to reduce grid energy consumption.

This paper aims to study alternative solutions on how to reduce energy efficiency — indoor air
quality dilemma in educational buildings.

The introduction presents the European Union’s and Latvia’s aims in building energy field and
the energy efficiency — indoor air quality dilemma. Literature review reveals information about
the educational buildings’ environments, renewable energy sources and prosumers. The study
follows the methods adopted in the research. The results are presented in Section 4 and the
research is summed up in conclusions.

2. LITERATURE REVIEW

2.1. Educational Buildings’ Environments

Students’ health and well-being are seriously affected by the environment of school buildings
physical and non-physical limitations [18]. Students are growing up and are more sensitive to poor
indoor air quality in school buildings [19]. Consequently, these buildings are a fundamental
element of society. Classrooms have a high occupancy rate and buildings use different heating,
ventilation and air conditioning systems to achieve and maintain nourishing indoor air quality
levels. All these systems’ maintenance costs are quite expensive and as concluded from previous
studies — the main drawback operating the mechanical ventilation [20]. There are cases [10] when
the systems are more likely not working and the indoor air quality in school buildings after energy
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efficiency measures have been implemented is very low and that affects students” health, comfort
and performance conditions [21], [22].

2.1.1. Solar Energy

Solar energy technologies are rapidly evolving in Europe and worldwide and are replacing fossil
energy technologies, thus helping to reduce greenhouse gas emissions. Solar energy has enormous
potential, very low maintenance and service costs, and also the equipment prices have fallen
significantly in recent years. Photovoltaics are best known as a method for generating electric
power by using solar cells to convert energy from the sun into a flow of electrons by the
photovoltaic effect. Solar cells produce direct current electricity from sunlight which can be used
to power equipment or to recharge a battery. Solar photovoltaic power generation has long been
seen as a clean energy technology which draws upon the planet’s most plentiful and widely
distributed renewable energy source — the sun.
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Fig. 1. Global horizontal irradiation in Latvia [23].

Photovoltaics represent around 4.3 % [24] of Europe’s electricity demand and 2.9 % [25] on the
global scale. The installed capacity of PV modules in Latvia is 1.962 MW in 2018 [26]. It produced
only 0.017 % of the total electricity demand in Latvia [27]. Data shows that photovoltaic power
(PV) potential in Latvia is 950-1100 kwh/m? depending on geographical location but that does
not include optimum tilt of PV modules (Fig. 1).
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2.1.2. Biomass

Around 56 % [28] of Latvia’s area is covered by woodland. Every year the trees are cut down
and reforestation is carried out. Over the years, firewood has been the most popular fuel for heat
production in Latvia. Nowadays, the industrial consumption of wood for heating both for heat
production and for combined electricity and heat production in cogeneration plants is growing
rapidly in many European countries [29].

Wood pellet boilers are more economical and automated than using firewood. Wood pellets are
being produced almost all over Europe, however, the Baltic countries produce primarily for export
rather than local consumption. From 2012 till 2016 Latvia was the EU’s third-largest producer
and the top exporter of wood pellets [29], [30].

2.1.3. Prosumers

Energy transition has three main objectives: to increase energy efficiency, to deploy renewable
energy, and most importantly to reduce GHG emissions. Prosumers (producers — consumers) [31],
[32] can be the main players of a more decentralised sustainable energy system by fulfilling parts
of their energy needs through self-produced energy with renewables.

Toffler introduced the term ‘prosumer’ in 1981 [33]. The prosumers have a large potential
because of micro-generation technologies that are used in the market for producing and storing
electricity and heat [34].

The definition of prosumer contains three types as defined by the International Energy Agency
(IEA) [31]:

— prosumers commercially sell “a large share of the power generated into the grid, while
continuing to purchase electricity from the utility as well”;

— prosumers self-consume, by continuing “to purchase power from the grid, but reducing
the amount purchased by using their PV system to supply a portion of their own
electricity needs (and potentially get remunerated for any surplus generation that they
may inject into the grid)”;

— self-providers (or off-grid prosumers) that “supply 100 % of their electricity needs
with PV, storage, and other technologies”.

Worldwide PV prosumers form an important part of the total installed solar PV capacity and the
trend is increasing. Solar photovoltaics are a growing interest everywhere because product
innovation and performance improvements give consumers a wider choice. The benefits also
include that the costs for these systems continuously decreases. The PV prosumers might be one
of the main players in energy transition because they consume most of the generated electricity
and the grid is fed by less additional electricity. PV prosumer systems must include electricity and
heat storage technologies and heat pumps to accomplish the highest possible self-consumption
shares [35]. Some authors assume that it is expected to achieve grid-parity in the remaining
residential electricity markets [36].

3. METHODOLOGY

3.2. Typical Educational Building as a Consumer

For further analysis, we use a school building (total heating area 5140 m?, volume 24 000 m?)
that works as a consumer and is located in the city Saldus. The average heating demand is
329 MWh per season. The electricity consumption profile is visualized in Table 2.
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TABLE 2. ELECTRICITY CONSUMPTION PROFILE
— o o
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demand,
kWh

The various photovoltaics and wood pellet boiler proposals will be made to find the best scenario
for educational building change from consumer to prosumer.

3.2.1. Electricity Solution

Education buildings are very specific in terms of energy consumption because in the summer
holidays when solar radiation is the highest, the school buildings are not being used at the usual
workload. The proposed electricity solution is the photovoltaic panels that are calculated to cover
electricity demand below the maximum in summer months (~2100 kWh/month). This solution
allows to mainly use all the generated electricity immediately.

The following formula was used to estimate the generated electricity [37]:

E=A-R-H-PR, )

E energy, kWh;

A total solar panel area, m?;

R solar panel yield or efficiency (17.5 % [38]);

H annual average solar radiation on tilted panels (1237 kWh/m? at an optimal tilt);
PR  performance ratio, the coefficient for losses (0.75).

The electricity will be fed into the grid on weekends (the produced electricity that covers around
6 days per month) and variable % of overall monthly production.

3.2.2. Electricity Tariff

Based on the data from Saldus, the average monthly electricity bill was calculated before and
after installing the solar panels of various power.

The electricity tariff is made by the sum of electricity price, fixed distribution tariff, variable
distribution tariff, fixed mandatory procurement component (MPC) tariff, variable MPC tariff and
value-added tax.

Nord Pool LV dynamic average electricity stock price in the prior 12 months at 2020/03 is
0.04446 EUR/KWh [39]. The education building is a consumer that uses a three-phase connection
with input protection device of 125 A.

The distribution tariff is 7.25 EUR/A/year [40]. The variable distribution tariff is
0.04422 EUR/kWh [40].

The fixed MPC tariff is 4.38 EUR/A/year [41]. The variable MPC tariff -
0.01476 EUR/kWh [41].

Value-added tax is applied to the final electricity bill (21 %).

The net payment scheme is applied to the micro-generator (power less than 11 kW) [42].
Grid-connected electricity producers (over 11 kW) is considered as power plant connection [43]
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so it can sell electricity by feeding it in the grid and afterwards taking it back from the distribution
system by buying it. In calculations, the electricity price is considered constant for selling and
buying operations. The variable MPC tariff is considered only for the amount of electricity that is
taken from the grid.

3.2.3. Capital and Maintenance Costs

Capital costs include the sum of solar panels, inverter, cables, mounts, installation and
documentation costs. The potential capital costs for overall system installation in Latvia varies
starting from 1000 euro/kW. In our calculation 1100 euro/kW is used.

Electricity production from photovoltaics decreases by 0.9 % per year. After 25 years
photovoltaics manufactures guarantee 80 % of the initial efficiency.

The payback time was calculated for three scenarios — 11 kW, 16 kW and 30 kW.

3.2.4. Heating Solution

For a typical energy-efficient school building of 5140 m?, the proposed solution for heating and
hot water supply is a wood pellet boiler (400 kW n = 0.92) with pellet container and auger for
automatic supply of pellets from the container to the burner. Wood pellet (4.8 kwh/kg)
consumption per year is estimated to be around 75 tons.

3.2.5. Capital and Maintenance Costs

The following costs are incurred for the building: capital costs of pellet boiler — 45 000 euro;
maintenance costs — 1640 EUR/pellet costs per year (75 t) — 12 000 EUR/year.

The heating tariff directly affects the payback period and it can vary over the years. For
calculations, the heating tariff in Saldus was used (68.80 EUR/MWh in 2020) [44].

3.2.6. CO; Emission Reduction

The calculation of CO; emission reduction is made by using CO; emission intensity and data
from potential amounts of electricity production in 25 years. The yearly PV energy production is
forecasted to reduce by 0.9 % per year and after 25 years reach around 80 % of the first-year
efficiency.

E, =E PV, 10°° 2
where
Er  emission reduction, tCO;
Ei emission intensity, gCO./kWh;
PVe PV production, KWh.

CO, emission intensity is 104.9 g CO2/kWh from electricity generation in Latvia (2016) [45].
Public supplier provided heat CO; intensity is not considered in the decrease of CO emissions.

4. RESULTS

Yearly PV energy production is prognosed to be around 963 kWh/kWp. The educational
building that produces electricity (even partly) have decreased electricity tariff. The average
electricity tariff per month varies between scenarios (Fig. 2) and the best one is for the scenario
with 30 kW installed power, although almost half of the energy flows into the grid.
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One needs to keep in mind that the generated amount of electricity in the first year will not be
the same after 25 years. The PV panel producers guarantee 80 % of efficiency at the end of the
PV modules lifetime so the investment payback time should be as short as possible to get the best
profit. Subsidies can reduce the payback time.
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Fig. 2. The average monthly electricity bill before and after installation of solar panels.

Capital costs of a PV system and its investment payback time is visualized in Fig. 3. The payback
time for 16 kW PV is lower than both 11 kW and 30 kW systems but still, a payback time of almost
10 years is not a satisfactory result.
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Fig. 3. Costs of PV system and payback time.
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The two situations are viewed in more detail — possible subsidies that cover 50 % of capital
costs and pellet boiler installation. The payback time can be reduced to less than 5 years for the
first scenario and less than 6 years for the second scenario (Fig. 4).
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16 kW PV 16 kW with 50 % subsidies 16kW + pellet boiler

Fig. 4. Investment payback time.

Decrease of CO, emissions by partly using solar energy instead of taking all electricity from grid is
visualized in Fig. 5.
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Fig. 5. Decrease of CO, emissions.
The photovoltaic system of 16 kW can reduce around 36 tons of CO; in its lifetime. The more
power is generated by PV, the larger decrease of CO, emissions, however, the school building

electricity consumption demand specifics show that systems over 16 kW feed into the grid more
than 25 % of generated energy.

5. CONCLUSIONS

A consumer usually receives heating and electricity from a public supplier. Grid-connected
users can change as prosumers if the economic attractiveness is good enough. This process can
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give various benefits: fewer emissions, more energy is generated with renewable energy resources
and higher possibility that mechanical ventilation will be used in the buildings.

The education building’s daily energy usage profile is necessary to analyse the best solution for
using the generated electricity immediately. The PV system of 16 kW could reduce the education
building' average electricity costs by 16 % or around 1844 euro per year. The higher the installed
PV power, the lower the overall electricity tariff although a lot of it flows into the grid and is not
consumed right away. In this situation, the possible variations of benefits are affected by Nord
Pool market prices and should be further examined. For all analysed scenarios, the payback time
of the PV panel installation costs is 9.5 to 11.6 years without any support. The payback time for
16 kW PV can be reduced less than 5 years if the subsidies are 50 % of capital investments. The
installation of the biomass boiler’s payback time is around 4.2 years. As the heating costs will be
lower these savings could be as a “subsidy” for PV panels. This option would help decrease the
payback time of PV panels. The off-grid scenario was also considered but the school’s electricity
consumption profile and accumulator prices are not profitable at the current time. The outdoor
CO; reduction is less than 40 tons by installing 16 kW PV modules.

This research aims to find the possible solution for energy efficiency — indoor air quality
dilemma in educational buildings. The usage of PV panels to partly produce the necessary
electricity for the school building led to a decrease in the average electricity costs that usually is
the main drawback for the operation of mechanical ventilation. The usage of PV panels and a
pellet boiler is the possible solution for energy efficiency and indoor air quality dilemma so the
students would have a qualitative school environment. Therefore these students would have better
performance, the country would have professionals with better qualification and after all the higher
GDP increase [20].

Electricity tariff changes are the key factor for changing mechanical ventilation workload.
Educational buildings changing from consumers to prosumers gives the possibility to reduce the
electricity tariff thus making it possible to make both arrows in the same direction — CO; level
decrease outdoors and indoors.

Further research will focus on the electricity prices from Nord Pool market data and how that
can affect the usage time and the simple payback time. Also the installed PV system generated
and calculated data should be analysed in the future.
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