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Abstract

Water is the only liquid used in human eating which presents different production and transportation processes.
All the aimentary liquids, in fact, need production and sanification processes in controlled environments and
transportation on carriers. On the other hand, besides more simple production processes, water can rely both on
distribution networks and transportation on carriers. In the last years, bottled water consumption gresatly increased not
only for healthy needs but also for non-essential ones. In fact, only in few cases bottled water is used for a real need
of specific characteristics and more and more its use is due to the perceived poor quaity of tap water. Recent studies
demonstrated that energy consumption related to bottled water can be up to 2000 times bigger than the onesrelated to
tap water. In fact, energy consumptions for bottled waters come out mainly from the production of PET bottles, from
the bottling process and, finally, from transport/distribution. In this paper, avoiding a comparison between bottled and
tap water about the chemical-physical, microbiological and gustative characteristics, the authors present the results of
an experimental study aimed to measure energy consumption of tap water domestic treatment devices. Moreover, the
potential energy savings coming from the use of treated tap water are focused.
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1. Introduction

Despite the actual economic crisis, in recent years bottled water consumption grestly increased not only for
healthy needs but also for non-essential ones. The unjustified increase of bottled water consumption can be ascribed
to the perception of a poor quality of tap water rather than to the demand of water with specific mineral
characteristics. On the other hand, recent studies in Italy [1, 2], Germany and Brazil [3, 4] demonstrated that the
quality of bottled water not always is clearly higher than the one distributed in the city networks.

Bottled waters present worldwide a yearly global market over 100 billion USD, higher than the market of milk
and fruit juice and lower only to the market of soft drinks and beer [5, 6]. Despite this, a part of the public opinion
show an increasing resistance against bottled water due to: i) the large amount of plastic waste deriving from them; ii)
the privatization and impoverishment of a public good; iii) the potential decrease of attention regarding water
networks.

From the data in Table 1 published by the Beverage Marketing Corporation [6] it is clear that the increase of
bottled water consumption is not justified by a lack of potable water. In fact, the more developed countries rank the
top ten for bottled water consumption (see Table 1). From the same research, it was pointed out that in 2007 bottled
water consumption worldwide summed about 190,000 million liters. Thus, a very close attention must be paid both to
the energy consumption and to the environmental impacts that comes from such large amount of bottled water
produced and consumed.

In Italy, arecent study developed by ISTAT [7] showed that in the last decade yearly consumptions of bottled
water increased with a congtant trend of about 3—4 %. Only in the last years this trend dightly decreased, (probably?)
because of the economic crisis.
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Table 1. World market of bottled water. Consumptions and trends in 2002—2007

Bottled water
yearly consumption Average Y earl
Country (L 109 Increas'ar?g trend (y%)
2002 2007
United States 21,938.70 33,398.70 8.80 %
Mexico 14,757.80 22,277.90 8.60 %
China 8,094.70 18,123.80 17.50 %
Brazil 9,621.80 13,707.40 7.30 %
Italy 9,683.80 11,738.20 3.90 %
Germany 8,674.30 10,384.10 3.70%
Indonesia 6,141.80 9,087.30 8.20 %
France 8,424.80 8,642.90 0.50 %
Thailand 4,833.90 5,803.40 3.70%
Spain 4,509.90 4 860.50 1.50 %
total of first 10 countries 98,683.50 140,031.20 7.40 %
Other countries 34,273.90 50,752.20 8.20 %
Overall world total 132,957.40 190,783.40 7.60 %

NB: Data from Beverage Marketing Corporation.

The Italian market of bottled water is still one of the most important worldwide. In fact, it is the third market in
Europe for volumes (about 12 hillion liters per year) wheress, as shown in Fig. 1, it isthe first market for per capita
consumption with about 200 liters per year, which is about the double of the European average.

Fig. 1. Per capita consumption of bottled water:
a — European consumption; b —trend of Italian consumption

Despite the actual economic crisis, market operators foresee a further increase of bottled water consumption
because of the same causes that up to nowadays favored its growth: i) the spreading pollution of groundwater; ii) the
perception of a poor quality of city water distribution networks; iii) the unevenness of potable water supply; iv) the
emergence of healthy consumption models and discretionary ones linked to taste; v) the availability of low cost
bottled waters.

In 2010 the average price of a bottled water decreased up to 20 c€ (in comparison with 21.3 c€ in 2009) and
often the price is sometimes lower. The significance of the bottled water market in Italy is also confirmed by ISTAT,
which states that 88.6 % of people says to drink bottled water usualy.

Bottled water sector can be divided into different lines. In recent years natural water are spreading despite
sparkling ones. On the other hand, lightly sparkling waters and natural effervescent ones are now becoming more and
more relevant. These latter combine healthy characteristics with the more discretional ones linked to taste. It derives
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an industrial sector very relevant for people daily life, but, at the same time, it becomes necessary to deal with the
energetic issues to join the actual sustainable energy policies [8].

A recent marketing trend concerns mineral waters treated and sanitized. Some large-scal e distribution companies
recently presented cost effective bottled waters covered by their own house brand. In this sector also other big
industrial competitors are interested in higher price range, aiming to create a separate market niche out of the normal
price competitions.

Nowadays, in US over 40 % of bottled waters is represented by purified waters, that is waters obtained through
processes such as didtillation, deionization, microfiltration, reverse osmosis, ozonation, treatment to ultraviolet
radiation or other treatments of tap water [9].

However, such alarge use of bottled water involves serious questions about the impact on the environment not
only for the large number of bottles to be disposed of, but also about energy consumptions and CO, emitted as a
consequence [10].

The polyethylene terephthalate (commonly known by the acronym PET) is the most common material used by
the bottling companies (about 80 % of the total market and almost 99 % of the volumes in large-scale distribution),
whereas glass is heavily disadvantaged both in terms of costs and management of the returnable bottles. As a
conseguence, the environmental impact of bottled water is not only related to packaging (material and production
process), but also to trangportation (more than 80 % of bottled waters isroad transported), disposal and/or reuse. In fact, for
1 kg of PET (with which it is possible to produce about 25 battles of 1.5 | capacity) about 17 | of water and 2 kg of oil are
needed. Furthermore, atruck at full load entersinto the environment about 1,300 kg km™ of CO, [10].

The indiscriminate use of bottled water could be limited by the spreading of home water treatment and
purification devices [11]. These devices have been designed to purify tap water and to provide a higher quality water
in many respects similar to the bottled one by microfiltration, carbonation, refrigeration, etc. While these systems are
widely available in restaurants, they are ill not very common at home level. Their undoubted advantage is the
possibility of obtaining purified water and carbonated with energy costs significantly lower than the bottled water
ones. On the other hand, water treatment home devices are not easily standardized, as they are based on a wide
variety of chemical and physical purifying processes (each one specific for certain contaminants). This often produces
confusion and caution among potential users and, sometimes, a suspicion for its purchase and use.

In this paper, the authors highlight the environmental, economic and social issues related to the consumption of
bottled water. Furthermore, the authors compare the energy consumption related to bottled water with the one related
to the home treated waters. To this aim, data available in technical literature and experimental ones are presented and
anaysed.

Finally, the possibility to promote energy efficiency certificates for water treatment home devices (including the
microfiltration, UV antibacteria treatment, cooling and addition of carbon dioxide) is evaluated according to DM n.
443 12/21/1990 [12]. In the authors opinion, with these certificates, the misuse of bottled water could be reduced
and, at the sametime, energy consumption resulting from their use should be strongly reduced.

2. Energy consumption of bottled water

Figure 2 shows the typical supply chain of bottled waters and their main processes: i) production (extraction and
treatment), ii) bottling (bottle production, filling, labeling, sealing and packaging), iii) transport iv) use (cooling), v)
recycling and reuse.

Fig. 2. Bottled water industrial chain

A recent study of the Pacific Indtitute (Gleick and Cooley, 2009) [13] carries out an interesting assessment of
energy consumptions in the above processes, highlighting the main parameters that can affect the amount of
consumption themselves. Energy consumptions can be in fact very different depending on the type and size of the
bottle, the material used, the distance and type of transport, the final use of the water (at room temperature or cool ed).
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More interesting studies on the environmental impact of PET bottles packaging and on the life cycle of bottled water
are analysed in [14-17].

Table 2 shows the total energy demand of the bottled water industry for the following aims: i) use of PET bottles
ii) bottling plant (neglecting the energy needed to pump water in the pipes); iii) road transport; iv) cooling in the final
use. On the basis of these assumptions, Gleick and Cooley [13] estimated that the total energy required for the whole
chain of bottled water industry typically ranges from about 5.6 to 10.2 MJ ™.

Table 2. Energy consumptionsin bottled water production, transport and use

Process Energy need [MJI™]
(Gleick e Cooley) Authors estimate

PET and plastic bottles production 4.0 1.8+4.9
Treatment at bottling 0.0001+0.02 )
Filling, laballing and sealing 0.01 0.009-0.014
Transport 1.4+5.8 0.1-0.6
Cooling 0.2:04 0.1:0.2
Total 56+-10.2 2057

Note: In the calculation 1 kWhy, has been supposed equal to about 3 KW herm.

From the data in Table 2, clearly emerges that PET bottles production process is the prevailing one in terms of
energy consumptions (about 4 MJ 1™). On the other hand, transportation, especially for long distances, can lead to
energy costs similar or even higher than those required to produce PET bottles (up to 5.8 MJ1™). Finally, a significant

cost is represented by the energy needed for cooling purposes at final use. Other energy consumptions can be
considered practicaly negligible.

Fig. 3. Industrial transport costs

Fig. 4. Specific average Energy consumptions for different
(beverage sector) [20]

types of transportation in Europe [20]

Fig. 5. Specific energy consumptions for road transport in Europe [23]
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Energy consumption for PET bottles production has been deeply focused in literature [18-19]. It can be pointed
out that average oil equivalent consumptions: i) range 65 to 73 MJkg™ for the production of PET [18]; are about
24.9 MJPkg™ for the production of PET bottles [19]. Since very different shapes and sizes of the bottles are available,
it can be estimated for PET bottles that the volume/weight ratio ranges 20 to 50 Ikg™. Therefore, the authors
estimated a specific energy consumption per liter ranging 1.8 t0 9.4 MJt ™.

On the other hand, specific studies conducted on bottled water transport show that: i) road transportation is
prevailing in respect to air, rail and sea ones; ii) costs for beverage transportation are among the highest in the entire
industry sector and sum to about 2—3 % of the final cost of the product (see Fig. 4) [20]; iii) average distance in heavy
road transportation in Italy is about 130 km [21]; iv) in Italy, because of geographical configuration and demographic
distribution, very high average energy consumptionsin road transport are needed (approximately equal to 2.8 MJt™).
In fact, energy consumptions are highly dependent on the operating conditions of transport both in terms of the means
used and of the geographic and demographic characteristics of the territory (see Fig. 5) [22]. Thus, an average energy
consumption intensity ranging 0.5 to 2.2 MJ™* km™ has been estimated in Europe [23]. From the above data,
considering a specific energy consumption intensity ranging 1 to 3 M3™ km™ and an average distance ranging from
100 to 200 km, the authors estimated that energy consumption for bottled water due to the transport ranges
0.1t0 0.6 M. Thislatter estimation doesn’t consider the transport made by the consumer after purchase.

Finally, it can be definitely estimated that average energy consumption in Italy of bottled water is approximately
equal to 4.4 MK, that is about half of that estimated for the United States by Gleick and Cooley [13].

3. Energy consumptions of water treatment home devices

Burton (1996) [24] estimated typical energy consumption of approximately 0.005 MJ I due to tap water
treatment and distribution through city networks. Thisvalueis extremely low if compared with the corresponding one
of bottled water. Despite this, energy consumptions related to the use of tap water is in average about 80 % of the
total management cost of the distribution companies[25].

The term "watenergy" [26] effectively highlights the closeness between water and energy, not only because they
are the most important natural resources, but also for the interconnection in the use and production of energy and
potable water. In fact, in a potable water distribution network, energy is needed at each stage: extraction, processing,
treatment, trangport, digtribution, use and discharge/reuse. From recent studies, potential energy savings in the
industry sector emerge [27], but network companies are often discouraged by too long investment paybacks.

In reality, energy consumption for tap water are significantly lower than the corresponding ones of bottled water,
but they strongly depend on the type of treatment and on the characteristics of the network. Santa Clara Valley Water
District [28] estimated energy consumption between 0.002 and 0.005 MJ I™* as a function of the water source (e.g.
surface, groundwater, recycled, imported) as shown in Fig. 7. Mo et al. estimated similar values of energy intensity
for surface water and dlightly more in the case of recycled and treated one[29].

As discussed above, the use of water “safe’ on a quality basis and “pleasant to the taste’ is perceived as an
important element for the quality of human life. To promote the concept of “short chain”, tap water home treatment
devices should be installed directly “to tap” in situ.

Recently, in fact, water home treatment devices appeared on the market and this could improve the
characteristics of tap water. A wide variety of these devices is nowadays available, such as ion exchange softeners,
mechanical filters, chemical dispensers, reverse osmosis systems, activated carbon filters, and other physical systems
(e.g. electromagnetic) whose action is carried out both on hardness and on organoleptic properties of water. Some of
these devices are specifically devoted to the purification of water and to the addition of gas. Thus, they are alternative
to bottled waters. In Italy, the Ministry of Health fixed strict technical requirements for these devices to avoid the risk
of pollution or deterioration of the original water quality [12].

These devices could combine some benefits (i.e. low energy consumption) of tap water with some peculiarities
of mineral waters treatments. Therefore, the authors designed and performed a measurement campaign, which results
are below described, in order to estimate energy consumptions due to water treatment home devices. To thisaim, an
experimental bench for the measurement of the electrical energy consumed by a commercial home treatment device
for tap water (Fig.7) has been assembled. Figure 9 shows the test layout at LAMI, the mechanical measurement
laboratory of the University of Cassino and Southern Lazio, accredited lab n.105 by Accredia.
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Fig. 7. Experimenta test bench for the measurements
Fig. 6. Energy intensity of tap water [28] of electrical consumptions of home treatment devices

The authors measured energy consumption at different regimes: i) cooling system off and at low/full regime), ii)
water consumption zeroed (0 I*h™) and maximum (1 bh™'). To this am, a mode for the estimation of energy
consumption has been defined. The mode is described in the following equation:

C = Cp + Cyis9pnAT, + Vw(CrefATw + Cer)r (1)

where:

C, isthetotal energy consumed, kJ;

- C, isthe energy consumed in the transient period, kJ;

- Cyjs, isthe scattered energy, kW K™

- Yo, iSthe operating time of the refrigerator, s;

- AT,, isthe temperature difference between ambient and cool water, K;

- V,,isthewater consumed, I;

- Cres, isthe energy needed for refrigerating water, kJ1™* K™%

- AT, isthe temperature difference between tap water and cool water, °C;

- C,,, isthe Energy needed to supply water, kJ I ™.

The different terms in eg.(1) are described in the following equations (2) and (3), at different operative

conditions of the refrigerating system (i.e. at low regime and full speed, respectively):

Ct = mSC(tl‘ - tu)/COPan = 146.5 k]

Uy _ _
Cdis == 047 10 3 kWK 1
COP,im @
Copr = pe = 7.6 kJI-1K!
Tt = 6 )C0P] T
Cor =71 kJI71
C, = myc(t; — t,)/COPpar = 366.3 kJ
U
Chis = ——— =0.70 1073 kWK1
COPy oy 2
oc ©)

=87 kJI"1K1

C =
ref [(ti - tu)COPmax]
Cop =711
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m, isthe mass of water stored in the device, kg;
¢, isthe specific heat of the water, kJ kg™ K™:;
t;, t, arerespectively theinlet and outlet water temperatures, K;

COPyin, COPax are the minimum and maximum coefficients of performance of the refrigerating system,
dimensionless;

U,, isthethermal conductance of the storage tank of the device, KWK ™;
p, isthe density of the water, kg™,

In Table 3 the measured average consumptions a ambient temperature of 21 °C are reported. During the
measurement campaign, the inlet water temperature was 20 °C and the fina one with cooling system at low regime
was 14 °C (8 °C at full speed).

Table 3. Energy consumed by the investigated home water treatment device

. . Average
Refngerattl_ng System Water feeding regime consumption
regime 1
[kJhT]
Off Zero 0
Low regime Zero 11.9
Full speed Zero 15.8
Off Maximum 7.1
Low regime Maximum 91.1

As for example, in Fig. 8 the absorption curves in the experimenta conditions at low regime conditions are
reported. Ultimately, avoiding to consider energy consumptions for cooling (that is comparable with the one of
bottled water), average energy consumptions of tap water treated by means of the investigated device is
approximately equal to 0.007 MJ¥™*. Thus, considering an amount of 0.005 MJ™ due to distribution in the city
networks, total energy consumption for the whole chain of treated tap waters sums 0.012 MJt*, which is
approximately two orders of magnitude |ess energy-consuming than bottled water.

Fig. 8. Experimenta anaysis of the energy consumptions
at not intensive regime

4. Ener gy savings and ener gy efficiency certificates

In Table 4, the comparison among the different energy contribution (loads) of tap waters and bottled ones is
reported, considering the main processes. From the available data, it is clear that energy consumption is
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approximately equivalent in phases 1, 3, 4, 7 and 9, whereas in phases 2, 5, 6 and 8 bottled waters are more energy-
consuming than the distributed ones.

Table 4. Comparison between the city network distributed and bottled water

Phase Distributed | Bottled
1 Extraction
2 Transport (network) | Carrying
3 Storage
4 Treatment
5 (Absent) Bottle production
Filling
Sedling
Labeling
Packaging
Plant management
6 Distribution (network) Transport
7 Fina Use
8 (Absent) | Solid Waste
9 Drainage into sewer

In order to compare annua energy consumption of bottled water with the tap water one, the authors considered a
person weighing 70 kg requires a total water intake (from food and drinks) of about 2-2.5 | per day (i.e.
approximately 30-35 ml per kg of body weight). In this balance, about 1 | is generaly assumed indirectly from food
and the remaining directly from water and soft drinks. Considering that bottled water consumptions per capitain ltaly
are approximately equal to 200 Iear™, it is clear that on average more than a quarter of the water consumed in Italy
is represented by bottled one. Thus, an average energy saving of 4.4 Mt *could generate for a family of 4 presenting
a bottled water consumption of 2000 I»ear™, a potential energy saving from the spreading of such systems of about
8800 MxJyear™. It follows that the potential energy saving is extremely high, even without considering the significant
increasing trend of bottled waters foreseen for the next few years by market operators.

4.1. Proposal of energy efficiency certificatesfor the use of home treatment devices

An energy efficiency certificate (EEC) or white certificates derives from an activity or product that produces
primary energy savings, reliable and quantifiable. This tool was introduced in Italy by the Ministerial Decrees April
24, 2001, later replaced by the Ministerial Decrees 20 July 2004 and updated by the Ministeria Decree of 21
December 2007 and supplemented by Legidative Decree 30 May 2008, n. 115, as amended, and by the legidative
decree of 3 March 2011, no. 28.

The Resolution 103/2003 of the Italian Authority for Energy (AEEG) identifies three methods for the evaluation
of proposals for EEC (Table 5): i) standardized evaluation, ii) analytical evaluation, and iii) assessment on
completion. As an example, it should be possible to: i) replace an electric water heater water with a gas one
(standardized approach); ii) ingtall a small cogeneration plant for air conditioning anaytically estimating savings
(analytical method); iii) recover heat from a production process by measuring the fuel economy (fina balance).

Table 5. Evaluation method as a function of the customer numerousness

Number of Homogeneous estimation methods Heterogeneous rating
customers Standard Analytica Fina balance methods
One customer Standard project Analytical project Final Project Final Project
Many customers Standard project Analytical project Final Project Not allowed

For water treatment home devices, a standard approach could be adopted devel oping specific standard sheets for
the ingtallation and use of such devices at several customers premises located throughout the country.

For each water treatment home device sold, the company could obtain from 0.1 EEC (that is 41.868 divided by
4.49 GJ) to 1 TEE corresponding respectively to the savings achieved in five years from a family with a consumption
of 200 and 2000 | year™, respectively. Alternatively, a more complex and more precise method, is represented by the
actual balance with an energy meter installed directly on the device.
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5. Conclusion
Energy consumption related to the use of bottled water are extremely high and more and more increasing. The

anaysis presented in this work shows that:

- the specific energy consumptions of bottled water range from 2.0 to 5.7 M and most part of it is due
to the production of PET bottles and to transport;

- the specific energy consumptions of tap water range from 0.002 to 0.005 MJ** as a function of the type
of source, treatment and distribution network;

- the specific energy consumption of the water treated by the investigated home water treatment deviceis
about 0.007 MJ¥™.

From this sudy emerges that the use of home water trestment device in situ should limit the increase in energy

consumption resulting from the use of bottled water and very important energy savings can rise from their spreading.
In order to facilitate and encourage this process energy efficiency certificates should be attributed. The authors
estimated that for an average family of 4 (2 adults and 2 children) that uses only bottled water with average
consumptions of 2000 I¥ear™ the potential energy savings could be about 4 500 MJwear™. The authors therefore
propose that, for each treatment device sold, the company can obtain from 0.1 to 1 EEC.
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Exonomisi eneprii 3aBasiku no0yToBHUM NPHCTPOSAM
OYHIICHHA BOIONPOBIAHOI BOAH

Jlaypa Kanane, [Ixxino Koprenecca, Jxxopmkio ®Dikko, Anbro Pycci, @adpimio 3ena

VYuisepcumem m. Kaccino ma Iliedennoeo Jlayio, kagpeopa 0yoienuymea ma Mexanixu,
eyn. Biasio, 43, Kaccino, 03043, Imanis

AHoTalisa

Bona — enuHa piguHa, 10 BUKOPUCTOBYETHCS B TXKi JIIOAWHH, sIKa TIPEJICTABIISE Pi3HI MPOLIECH BUPOOHUIITBA Ta
TpPaHCIIOPTYBaHHA. YcCi Xap4oBi piauHu (aKkTHYHO MNOTPEOYIOTH TIPOLECIB BHPOOHHIITBA Ta OYHIIECHHS B
KOHTPOJIbOBAaHUX CEPEOBHUINAX, & TAKOX TPAHCIOPTYBaHHS IEpPEBI3HMKaMH. A BOMY, KpiM TOro, IIo mporec ii
BUPOOHMITBA MPOCTININH, MOXKHA IOCTayaTd SK PO3MOJUIBHHMH MEpEXaMHu, TaK 1 HUIIXOM TpPaHCIOPTYBaHHS
nepeBi3HUKaMU. B oCTaHHI pOKM CHOKMBaHHS TUISIIKOBOI BOJHM 3HAYHO 3POCIIO HE TUTBKH JJIsl TOTPeO 370pOB’ s, ane
W Ui iHmmxX notped. Ha mpakrtuumi, numie B AesSKUX BHIAAKAaX BOAY B IUIIIKAX BHKOPHCTOBYIOTH JUIS peasibHOI
NoTpedu B OCOOIMBHX YMOBaX, a Bce OuIbIle il BHKOPUCTOBYIOTH Uepe3 IMoraHy siKicTh BOAONPOBiAHOT Boxu. HenaBHi
JOCTI/DKCHHS TIOKa3aJid, IO CIOXXHMBAaHHSA CHEPTii, MOB’s3aHOI 3 IUIAMIKOBOIO Bomor, Moxe Oyt B 2000 pasis
OLIIBIINM, HI’K CITOXKMBaHHS €HEpTii, OB’ s3aHe 3 BOAOIPOBIHOI0 BO100. CIIOXKMBaHHS €HEpril sl IUISIIIKOBOI BOIH
TOJIOBHUM YHMHOM 3YMOBJICHE BHPOOHHIITBOM ILIACTUKOBHX IUISAIIOK, TMPOIIECOM DPO3JHMBY Ta TPaHCIOPTYBaHHIM /
muctpuOyiiero. Y IMi# mpalli, YHUKArOUd MOPIBHSIHHSA MiX IUIAIIKOBOIO Ta BOIOMPOBITHOI BOMIOK IIOIO XiMIiKO-
(i3U4HUX, MIKPOOIOJOTiYHMX Ta CMAKOBUX XapaKTEPUCTUK, aBTOPH MOJAAIOTH PE3YNbTATH EKCIIEPUMEHTAIBLHOTO
JIOCII/DKEHHS, CHOPSMOBAHOTO Ha BHUMIPIOBAHHS €HEPrOCIIOKMBAHHS NPUCTPOIB  TOOYTOBOTO  OYHUIIEHHS
BOJONPOBiAHOT BoAM. KpiM 11b0Oro, 30cepe/KEHO yBary Ha MOXIIMBHX CIIOcO0ax eKOHOMii eHepril mix dvac
BUKOPHCTaHHS OUMILEHOI BOIH 3-I1i1 KpaHa.

Kiro4oBi ciioBa: BOIONPORiHA BOJIA; TUIAIIKOBA BOJIA; CKOHOMIsI €HEPTii; OUUINECHHS BOIU.



