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Abstract: The paper describes a method of obtaining of Brown gas and extracting of minerals
rich of polymetals. The obtained Brown Gas can successfully be used for regeneration of systems.
The needed energy required to power the system drops sharply and energy efficiency rises. The
extraction of Brown gas is accompanied by the release of a huge amount of minerals rich in
polymetals, some of which exceed their content in natural sediments by several thousand times, and
others are commensurated in content with natural polymetallic deposits.
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Introduction and basic characteristics of seawater

Water is made up of two elements - two H atoms and one O. This is true, but only with pure
distilled and deionized water. In nature, water in this form is almost non-existent and there are always
at least some gases dissolved in it - in the formation of rain water in the clouds, and in springs,
groundwater, rivers, lakes, outdoor pools, etc. There are always more or less metal or non-metal
compounds dissolved in water, in most cases dissolved in water in the form of ions.

Since the main idea of the technology is the use of natural water sources, the largest amount
of natural is seawater in the oceans, which forms about 97% of all water resources on the planet.

From the conducted research, the Black Sea seawater sampled south of Bourgas waters, the
water characteristics are:

- conductivity - 15510 £ 310 uS / cm - EN7888-2002

- pH = 8,32 EN ISO 10523-2012

- water temperature — 22°C

Installation testing technology

2.1. Test time

The duration of the installation is:

1 hour 39 minutes and 40 seconds = 1.67 hours

2.2. Quantity of produced product:

The amount of poly metallic minerals obtained as a dry substance is: 2890 g dry matter

Or for:

1 hour 2890 g: 1.67 hours = 1730 grams / hour = 1.73 kg quantity of minerals obtained from
4 tubs serially connected and powered by 1 transformer

This performance is at an average input energy of 1370 Wh = 1.73 kWh

Energy input
This performance is at an average energy input of
1370 Wh = 1.73 kWh.
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Obtained at medium power - 123 A

On average, because at the beginning of the process, the installation was powered by 102 A,
which slowly and gradually increased in about 30 minutes to 144 A, held for about 30 minutes and
then began to slowly decline to 127 A, held for about another 30 minutes and started growing again
by the end of the process

1 hour, 39 minutes and 40 seconds = 1,67 hours

Specific performance

The specific output per hour of kilogram of minerals - kWh / kg is:

1.73 kWh: 1.73 kg = 1.00 [kWh / kg]

The sample was taken when operating only one transformer, operating at about 30% of
capacity, with 4 tubs at a time. The maximum power of each transformer is 3.5 kW.

Types of connection of the electrolysis tubs with the power transformer
In Figure 1, the electrolysis tubs are connected in parallel. This scheme is suitable for low
conductivity waters - drinking, river, lake, mineral, etc.

Fig.1

Fig. 2 shows a series connection of the electrolysis tubs. This scheme is appropriate, but only
for high conductivity waters such as seawater:

Fig.2

In Fig. 3 shows a mixed connection - grouped baths, in each group baths are serially connected
and the groups in parallel. This scheme is suitable and recommended when using seawater for
maximum performance.
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At a load of about 78% of the power of the transformer or at a power input of 2.74 kW, the
transformer will supply 8 tubs, which increases the productivity 2 times, ie. twice as much extracted
minerals are obtained from an input energy of 2.74 kWh or When working with 8 cells mounted in
8 tubs, the productivity will be double, i.e.:

1.73 kg x 2 =3.46 kg / h Minerals recovered in 1 hour only, and the specific energy input per
kg. minerals (kWh / kg) will be:

2.74 kWh: 3.46 kg / h = 0.79 kWh / kg Ie specific energy input reduced by 26.58%

There is an opportunity, and the project is designed to increase productivity 2 more times with
the same 8 cells installed in 8 tubs while maintaining the same input energy, but with a slightly
modified structure. With this, the power output with only 1 transformer operating at 78% of its power
will be:

346 kg /hx2=6.92 kg / h at the same input energy of 2.74 kWh.

Thus, the specific energy input to produce 6.92 kg / h of minerals will be:

2.74 kWh/6.92 kg /h=0.39 kWh / kg,

In this way energy efficiency is increased even more than 2 times or:

0.79 kWh / kg: 0.39 kWh / kg = 2.02 times

If you turn on the operation of the 4 transformers, each working with 8 baths or a total of
32 baths, the total productivity will be 4 times higher or:

6.92 kh / h x 4 pcs. = 27.68 kg / h Minerals recovered but with already 4 times the energy
input or

2.74 kWh x 4 pcs. = 10.96 kWh per hour (when operating with 4 transformers)

Brown gas productivity and polymetallic minerals:

- 8 hours operation

27,68 kg / h x 8 h=221,44 kg — quantity for 8 hours working day the energy input for 8 hours
will be:

10.96 kWh x 8 h = 87.68 kWh / day (at 8 hours working day)

Or for 1 month in 21 working days, the minerals produced will be:

4.1. During daily work:

221.44 kg / 8 h x 21 days = 4650.24 kg = 4.65 tonnes / month

With energy input from

87.68 kWh / day x 21 days = 1841.28 kWh for 1 month (at 8 hours working day)

If the energy price is 0.20 BGN / kWh, then the energy cost of the production will be:
1841,28 kWh x 0,20 BGN = 368,256 BGN / month (at 8 hours working day)
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The cost of 1 ton of extracted minerals will be:

368,25 BGN / month: 4,65 tons = 79,19 BGN / ton (at 8 hours working day)

-with 3 shift modes

If we have 3 shift modes, the productivity will be:

221.44 kg / 8h x 3 = 664.32 kg / 24h or 664.32 kg / day

And the energy input for this amount will be:

87.68 kWh x 3 =263.04 kWh / day (with 24-hour operating mode)

With a 21-day working month, productivity will be:

664.32 kg /day x 21 days = 13950.72 kg / month = 13,950 tonnes / month (at 24 hours working
day)

With energy consumed:

263,04 kWh / day x 21 days = 5523,84 kWh (for 1 month with 24 hours working day)

Ie within 1 month energy of 5523.84 kWh will be consumed for 13.95 tonnes of mineral
concentrate

If the energy price is 0.20 BGN / kWh, the amount of mineral concentrate produced will cost:

5523,84 kWh x 0,20 = 1104,77 BGN (for produced 13,95 tons of minerals)

Or the price per ton of minerals produced will be:

1104,77 BGN: 13,95 tons = 79,19 BGN / ton (at 24 hours working day)

Ie the price per tonne at 24 hours is the same as at 8 hours. The difference is only 3 times as
much output.

Conclusion

The cost of production - polymetallic concentrate is formed only on the basis of energy costs,
as they are the largest and most significant. These costs do not include: the cost of associated
technological energy needs, such as the separation of minerals from water, labor costs, etc.
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N3CJIEABAHE U AHAJIN3 HA TIPOU3BOAUTE/THOCTTA HA
BPAYHOB I'A3 U HOJIMMETAJIHU MUHEPAJIN U3BJIEYEHH
OT MOPCKA BOJA

BbBeieHue 1 OCHOBHU XapaKTePUCTHKH HA MOPCKATa BOJa

Bonara ce cbcTon ot nBa enementa — Asa aroma H u equn atrom O. ToBa TBbpAEHUE € BSIPHO,
HO caMo IpU YKCTa IeCTUIMpaHa U IeMoHn3upana Boaa. B npuponara Bogara B TaKbB BUJI IOYTH HE
CHILIECTBYBa U BHHATU B HEsl MMa Pa3CTBOPEHHM B HAKAKBO KOJIMUYECTBO Hal-MajKoO ra3oBe — Mpu
dbopMupaHe Ha IBXKIOBHATA BOAA B OONAIMTe, a NPHU HW3BOPHU, MOMAMOYBEHU BOJAM, PEKH, €3epa,
OTKpUTH OaceilHu U T.H. BuHaru BbB BoJara MMa pa3cTBOPEHH MOBEYE WM MO-MaJIKO METATHH WU
HEMETATHH ChEIMHEHUs, B TIOBEUETO CITydan Pa3CTBOPEHH BBB BojaTa 1moja (hopMara Ha HOHH.

Thil kKaTo OCHOBHAaTa HJEs Ha TEXHOJOTHATa € W3MOJ3BAaHETO HA €CTECTBEHU BOAHU
WU3TOYHMIIM, TO B HAl-TOJIIMO KOJIMUECTBO B €CTECTBEH BHJI € MOpPCKATa BOJa B CBETOBHMS OKEaH,
koATO popmupa okosio 97% OT BCUUKHU BOAHHU PECYPCH Ha IJIaHeTara.

OT mpoBeneHUTEe U3CIEeNBaHUs, MOPCKaTa BoAa oT YepHO Mope mpu B3era npobda I0KHO OT
Byprackara akBaropus, XxapaKTepUCTUKUTE Ha BOJATa ca:

- enektpornpoBoauMocT — 15510+£310 puS/cm — EN7888-2002

- pH =8,32 EN ISO 10523-2012

- TeMIleparypa Ha Bogara - 22°C

TexH0JI0OTHA HA TeCTBaHe HA MHCTAJAUsATA

Bpeme na uznumeane
[IpoabmxuTenHoCcTTa HA paboTa HA MHCTAIALIMATA €:
1 yac 39 muH. 1 40 cek. = 1,67 yaca

Koauuecmeo npouszeeden npodykm

KonnuecTBOoTO Ha MOTyYEHUTE MOJIMMETAIHU MUHEPAJIU, KATO CYyXO BEILECTBO €:

2890 rp cyxo BeuecTBo

WIIH 3!

1 gac 2890 rp. : 1,67 u. = 1730 rpama/gyac = 1,73 kg KoIM4eCTBO MUHEPAIH MOJIYYEHH OT
4 Opost BaHU CEpUIHO CBBbP3aHHU U 3aXpaHeHu oT 1 TpaHcdopmarop

Ta3n npon3BOAUTETHOCT € IIpU cpelHa BioxkeHa eHeprus or 1370 Wh = 1,73 kWh

Bnootcena enepzusn

Ta3u mpoU3BOIUTETHOCT € MPU CPEIHA BIIOKEHA EHEPTHS OT
W
h [Tonmyyena npu cpeaHo 3axpanBane - 123 A
Cpenno, 3a1110TO B HAYaJI0TO Ha MPOLECa MHCTANAIUATa ce 3axpaHBauie ¢ Tok oT 102 A, koifto
§aBHO M MOCTENIEHHO HapacTHa 3a okoyio 30 munyTH 10 144 A, 3agbprka okosio 30 MUHYTH U ClIe]
TOBa 3amoyHa 0aBHO Ja cmaga 1o 127 A, 3aawppika 3a okoio omle 30 MUHYTH U OTHOBO 3allOvyHa J1a
iiapacTBa 70 kpas Ha nporeca — 1 yac, 39 munyTtr u 40 CeKyHIHU.

Cneyugpuuna npouszeooumennocm
CrnenuduuHara NpOU3BOAUTEIHOCT BaT yac Ha Kuiorpam muHepanu - kWh/kg e:

sEgr W
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[IpoGara e B3era mpu pabora camo Ha | Tpanchopmarop, padoren; ¢ okomo 30% ot
MOIIHOCTTa, ¢ 4 Oposi BaHM STHOBPEMEHHO. MaKkcHMaHaTa MOIIHOCT Ha BCEKH TpaHCc(opmarop

BujoBe cBbp3BaHNs HA eJIEKTPOJIM3HUTE BAHU ChC 3aXpaHBallus TpaHcdopmaTop
Ha noka3anara ¢ur. 1, eJeKkTpoau3HUTE BaHU ca CBbP3aHU B IMapajen. Ta3u cxema e yaadHa
3a BOAU C HUCKA CIICKTPOIIPOBOAUMOCT — HHTCfIHPI, pCeYHU, C3CPHU, MUHCPAJIHA U T.H.
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Fig.1

Ha ¢ur. 2 e mokazano cepuitHO cBbp3BaHE HA €NEKTPOIM3HUTE BaHHU. Ta3u cxema e yJadyHa,
HO CaMoO 3a BOJU C rojsiMa eJIeKTPOIIPOBOAUMOCT, KAKBAaTO € MOPCKaTa BOJA.

Fig.2

Ha ¢wur. 3 e moka3aHo cMeCeHO CBbp3BaHE — IPYNUPAHU BaHH, KaTO BbB BCSKA TpyIia BAHUTE
ca CepuitHO CBBbP3aHM, a TPyNUTE B apaen. Ta3u cxeMa e yaadHa U ce MpernopbyuBa Mpy H3MOI3BaHe
Ha MOpPCKa BOJIa 3 TIOCTUTaHE Ha MAaKCUMaJTHa MPOU3BOIUTEIHOCT, B 3aBUCUMOCT OT MOIITHOCTTA Ha
3axpaHBaIus OJI0K.
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[Ipu HaroBapBane ¢ okono 78% OT MOIIHOCTTa Ha TpaHcPopMaropa WU MPHU BIOKEHA
MOIITHOCT OT 2,74 KW, chius 1me 3axpaHBa 8 Oposi BAaHH, C KOETO MPOU3BOAUTEIIHOCTTA CE BaUTa 2
II'bTH, T.C. ,Z[BOfIHO IIO-TOJIAMO KOJIMYECCTBO MU3BJIICUCHU MI/IHepaJII/I (o] Honyana OT BJIOKCHA eHeprmI

kWh mnun

[Tpu pabota ¢ 8 KJIETKM MOHTHPAHU B 8 BaHH, IPOM3BOAUTEIHOCTTA 11Ie ObJe JBOWHA, T.C.:

7

3 a BoxeHata cnerduuna eneprus 3a kr. MuHepanu (kWh/kg) me 6bxe:

kWh : 3,46 kg/h = 0,79 kWh/kg

k T.e. Bnoxenara cnenuduyHa eHeprus ce HamassiBa ¢ 26,58%

g Mma BB3MOXKHOCT, @ ¥ B IIPOEKTA € 3aJI0KEHO MOBUILIABAHE HA MPOU3BOIUTETHOCTTA OILIE 2

II'BTU NIPU ChUIUTE 8 OpPOsi KJIETKHM MOHTHpaHW B 8 Oposi BaHM IIpHU 3ama3eHa ChlIaTa BIOXKEHA
EHEPIUs, HO C MAJIKO MPOMEHEeHa KOHCTPYyKIus. C TOBa NPOU3BOIUTETHOCTTA IIPU 3aXpaHBAHE CaMO
¢ 1 rpancdopmatop padorerr ¢ 78% OT MOLTHOCTTA CH 11e Obe:

!4

g Taka cneunguuHaTa eHeprust BIOKEHa 3a MPOU3BOJICTBO Ha 6,92 kg/h munepanu me Ob1e:

k

W [To To3u HauWH eHepruiiHaTa e()eKTUBHOCT C€ MOBUIIIABA OIIE HAJ 2 TTHTH WIITH:

kg/h n3Bneuenn murepanu camo 3a 1 gac,

X ITpu BrIIOUBaHE Ha paboTta Ha 4-Te TpaHchopMaropa BCEKH padboTel] ¢ 1o 8§ BaHU WK 00110

82 BaHu, TO 00IIaTa MPOU3BOAUTEIHOCT I1ie OB/€ 4 IHTH MO-TOIIMA UITH:

P2 kh/h x 4 6p.Tpancd. = 27,68 kg/h n3BieueHn MuHepanu, HO ¢ Beue 4 MBTU MO-TOJSIMA BIOKEHA
BHeprus unu

BWh x 4 op.tpancd. = 10,96 kWh 3a Bcexu uac (ripu padora ¢ 4 Tpancopmaropa)

W

b IIpousBoauTesHOCT HA BpayHoB ra3 u nojMMeTaJHU MUHEPAJIH:

£ [Ipu nHeBHa pabora:

R - 8 4acoB pexum Ha paboTa

B

EWh x 8 h = 87,68 kWh/nen (nipu 8 yacoB paboTeH JieH)

k Wnu 3a 1 mecen ipu 21 paboTHU AHH, TPOU3BEICHUTE MUHEPAJIH 111¢ ObIaT:
Bg/8 h x 21 num = 4650,24 kg = 4,65 Tona/Mecen

RAWh/kd b2 ,820meEmA eHeprus ot

kWh/nen x 21 1uu = 1841,28 kWh 3a 1 mecen (pu 8 yacoB paboTeH /ieH)

Bpu criAamaKeranmctiegprsion 2,028 Wk Wh, To enepruiinata cebecToOMHOCT Ha POM3BEeHaTa
Sponykuus e Obae:

kWh x 0,20 neBa = 368,256 1eBa/Mecen (1pu 8 yacoB pabOTEH JCH)

k Ilenara Ha | TOH U3BIIEYUCHU MUHEPAIH I1Ie OBJE:

w 368,256 aB/mecen : 4,65 Tona = 79,19 aB/ToH (11pu 8 TYaCOB pabOTEH /EH)

hpu 3 cmeHeH pe:kum Ha padora

/ Axo nMame 3 cMEHEH pexuM Ha paboTa, MPOU3BOAUTEIHOCTTA e ObIe:
kg/8h x 3 = 664,32 kg/24h unu 664,32 kr/nen
g A BiO)XKE€HaTa €HEeprus 3a TOBa KOJIMYECTBO 1€ ObAe:

karo BnoxeHata eHeprus 3a 8 4aca e Obze:
W IIpu 21 nHeBeH paboTeH Mecel, MPOU3BOJUTEIHOCTTA 11Ie Obae:

h 664,32 kr/nen x 21 guu = 13950,72 kr/mecen = 13,950 Tona/mecen (ripu 24 gyacoB paboTeH
JICH)

X [Tpu u3pasxonaeHa eHeprus:

kWh/nen x 21 nam = 5523,84 kWh (3a 1 mecer ¢ 24 gacoB paboTeH JIeH)

3 T.e. B paMKkuTe Ha 1 mecel 3a konuuecTBO OT 13,95 ToHa MHUHEpalieH KOHLIEHTpAT e Obae

n3paszxonBana eneprus ot 5523,84 kWh

kWh/zxen (ipu 24 yacoB paboTeH PeXUM)  _ 469 —



University of agribusiness and rural development, Plovdiv
22 November, 2019

Axo nenara Ha eneprusara e 0,20 n8/kWh, To 3a mpou3BeAEHOTO KOIMYECTIBO MUHEPAJICH
KOHIIEHTpAT BJIOKEHATa €Heprusl 1e CTpyBa:
kWh x 0,20 = 1104,77 aB. (3a npoussenenu 13,95 Tona munepan)

Wnu uenara 3a TOH NpOU3BEACHU MUHEPAIIH 111 ObJe:
aB. : 13,95 Tona = 79,19 neBa/ToH (1ipu 24 yacoB pabOTEH JIcH)

T.€. IICHAaTa Ha TOH MpH 24 4acoB pabOTEH JICH € ChIara, KaKTo € M P 8§ 4acOBHUs pabOTEH
neH. Paznukara e camo B 3 bTH MO-TOISIMOTO KOJIMYECTBO MPOAYKLIHS.

3akiroueHue

Ilenara Ha mpou3BezeHaTa NPOAYKLUSA — MOJIMMETAlIeH KOHLEHTpar € popMHpaHa caMoO Ha
0a3a eHepruiHU pa3xoAM, ThHl KaTO T€ ca Hai-roleMH U ChIecTBeHH. KbM Te3u pasxoau He ca
BKJIFOYCHH: DPAa3XxoJa 3a CHIIBTCTBAIIM TEXHOJOTMYHHM CHEPIMMHM HYXIH, KAaTo HalpuMmep 3a
cerapupaHe Ha MUHEPAJIUTE OT BOAATA, Pa3XOAU 3a TPy U T.H.



