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Leonardo Cerioni, Linda Paolinelli,
Matteo Santoni with the aid of
Filippo Pieretti

LAYING WASTE TO ENERGY PROBLEMS
THE AVANTGARDE OF ENERGETIC SELF-SUFFICIENCY
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This research aims at exploiting civil and pre-treated industrial wastewaters that go
into the purifier and those that come out of it after various treatments in order to
build a galvanic cell with the goal of producing clean electric energy.

Our background hypothesis is that it is possible to
exploit the existing potential difference between
these two types of water to generate electricity. In
fact, the water sent for purification contains elements
(carbon, nitrogen, sulphur, phosphorus, etc.) in a
predominantly "reduced" state and its oxygen level is
scarce. On the other hand, the water coming out of
the process contains the same elements in a mostly
"oxidized" state and it is rich in oxygen. Those
chemical discrepancies should get the job done. In
order to simulate the two types of water, two
different solutions were prepared. The first one is highly concentrated with pollutants
and gaseous nitrogen is insufflated in it to reproduce its anoxic environment. The
second one’s pollution level is based on the Italian legislative limits of chemical
contaminants for superficial waters (Legislative Decree 152/2006) and the semi-cell
is insufflated with gaseous oxygen.
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Parameters Limits for Pre-depuration | Post-depuration
(molecular or ionic superficial solution [mg/L] solution [mg/L]
form) waters [mg/L]
Ammonia nitrogen 15 120 15
(as NHz")
Nitrous nitrogen 0.6 4.8 0.6
(NO, as N)
Nitric nitrogen 20 160 20
(NOs~as N)

Sulphides (as H,S) 1 8 1
Sulphites (as SO3%) 1 8 1
Sulphates (as SO4%) 1000 500 31.25

Phosphates 10 40 2.50
(PO4*> as P)
Chlorides (as CI7) 1200 1000 62.50

Five different experiments have been carried out, each time varying the operating
conditions. The two semi-cells’ polarity was established with the aid of a battery: the
oxygen-rich semi-cell 'is the positive pole (anode), the oxygen-poor one is the
negative pole (cathode). The polarities happen to be the opposite at different pH
values as a result of different possible reactions, which have been hypothesized for
each operating condition following the experimental work.

EXPERIMENTS RESUME CHART

Experiment n. 1 2 3 4 5
pH of the Oa-rich - 7.28 9.07 4.91 7.53
solution
pH of the O,-poor - 7.44 9.06 4.99 6.40
solution
Polarity of the O,- | ' positive positive negative | negative | negative
rich semi-cell
Polarity of the O,- | negative | negative positive positive positive
poor semi-cell
Potential - 49-50 mV | 72-78 mV | 75-78 mV 140 mV
difference
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Possible reactions in ALKALINE ENVIRONMENT

30, + 2H;S (aq) + 4OH S 4H,0 + 2[503]2_ 2[503]2_ +0; 5 2[504]2_
AE°=0.918 V AE°=1.331V

Possible reactions in ACID ENVIRONMENT

Reaction with aqueous H,S (aq) Reaction with gaseous H,S (g)

1/, 0, + H,S (aq) S H,0+S (s) 1/, 0, + H,S &) S H,0+S (s)

AE°=1.0851V AE° =1.0551V
DISCUSSION

The experiments have shown that it is possible to exploit the chemical species’
different oxidation states and their diverse oxygenation conditions before and after
the purification process through a galvanic cell in order to produce electric power. The
generated potential difference in the experiments is relatively low (ranging from a
minimum of 50 mV to a maximum of 140 mV). Nonetheless, by implementing a higher
number of systems along the lines of the studied ones, but eventually upgraded (for
instance increasing the electrodes’ surface or enhancing gas distribution), a rise in such
values may well be bound to occur, making it possible to employ our technology for
application purposes in the industrial realm. The ultimate goal is to grant the energetic
self-sufficiency of the purification plant and other energy-consuming utilities, resulting
in a considerable asset both from.an environmental and from an economical
standpoint.
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This is an interesting project because the idea is very
innovative. The students explore the possibility to create
electricity at the junction of polluted and clean waters. This could
affect the future of water-cleaning facilities to be more energy-

saving.
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