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EBFGT at ARAMCO, Jeddah, AS - gudron@
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Control room
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Marine transportation @

EMISSION

Two stroke Diesel up to 81 MW

6 to 14 pistons (each 1820 dm?3
)

Heavy oil
Consumption 250 ton per day

Typical off-gases — 13 % O,
5,2% COz, 5,35% H-0,

1500ppmv NOx, 600ppmv SOk,
60 ppmv CO, 180 ppm VOC
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Ships — big emitters
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Emission Control Areas

ECA
New ECA?
ECA New ECA?
New ECA?
New ECA?
n Existing

Possible future ECA

t IMO MARPOL Convention
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Stationary power Diesel units

Poland, Szpital
Miejski Sochaczew
— 412 kWe

Poland, Huta Miedzi
Gtogoéw — 936 kWe

Poland, Elektrownia
Opole — 1058 kWe

Poland, Elektrownia
Betchatow — 2106
kWe

Greece, Andros -—
3104 kWe

Greece, lkaria -
3104 kWe




Emission standards
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Sulfur, %

Co

MARPOL Annex VI Sulfur limits in fuel
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Fines at North America’s SECAs - using high sulfur fuel( or lack
of de-SOx unit)

Table 3
Actual Fuel Sulfur Penalty over duration of violation, first offense — Table 3 ($)
Content, % m/m'?
Violation of 1.00% sulfur limit (U | Violation of 0.10% sulfur limit (U =
= MT of fuel burned while in the MT of fuel burned while in the U.S.
U.S. ECAs) ECASs)
3.5 or higher $400*U $750*U
30 $350*U $700*U
2.5 $300*U $650*U
2.0 $250*U $600*U
1.5 $200*U $550*U
1.25 $150*U $500*U
1.10 $100*U $450*U
1.00 N/A $400*U
0.80 $350*U
0.60 $300*U
0.40 $250*U
0.20 $200*U
0.15 $150*U
0.10 N/A

For $ 400 over due and consumption of 50 ton daily:
$ 400 * 50 ton = $ 20,000 /day; in the close future $ 750 * 50 ton. =

AR;ES $ 37,500 / day



Emission and standards @

Limits for NOx

315 ppmvy,
29/kWh
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Scrubber technology: How does it work? @

» SOx is removed via
using wash water.

Scrubbed exhaust to

atmosphere EXHAUST GAS CLEANING SYSTEM

BASIC COMPONENTS

Exhaust Gas Cleaning Unit

» Systemincludes:
» Watersupply
» Watertreatment
* Exhaustgas and
water monitoring
= Supply to ship of
treatment agent.

Wash water ——————g—

Exhaust from engine

([

» Types
* Freshwater

—
» Sea water '

. Hybrid Sarce Foroe Techrelogy, 2012

See: hitpJ www.youtube.comvaich?v=J8 D7ASh) g

v

*Sea Water Scrubbing based on SO, in sea water

* Waswater is dumped into sea

*Removal of NOx is low due to low NO solubility in water.
*SCR has to be approved
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s sence to use fuel like In cars ? |

Ship with engine 25 MW fire ca. 20 000 ton per year.

Fuel with 0,1 % S increase cost by 3 - 5 millions $US
annually .

And what about NOx ?
And what in the future with VOC (PAH) ?

ARIES



SOx and NOx removed in one step

ELECTRON BEAM FGT



. ELS
Industrial partners g

From the very beginning, the company is focused on developing diesel
technology. This experiences led the MTU company to leading position
among the manufacturers of the land and sea applications.

“Dostarczamy niezawodne urzgdzenia, ktore wytwarzajg energie.” “We are
providing only reliable power-generating devices “llocTtaBnsemMm HagexHble

YCTPOMCTBA, KOTOpble BblpabatbiBaldT a3Hepruto.” “lNoctaBngaemMo HagivHi
NPUCTPOI, sIKi BAPOBNAIOTL eNeKTpoeHeprito.”

Jednostka kogeneracyjna
EKOGEN



Hybrid new solution ! @
Euther developments undervay.
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Low energy ebeams
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Linear cathode eb machine

Q0" CROSSINKING AB

- Energy:  75-250 kV

- Current:  0-2000 mA

- EB width: 400 - 3000 mm
- Dose uniformity: <10%

-No window cooling needed.

C,)
 ARIES




RENEWABLE ENERGY SOURCES @
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Industrial partners

Biopolinex Sp. z o. o. is building on the basis of owned patent rights, the so-
called “MEB system” (small bio-methane heat and power stations) which are the perfect
solution for agricultural farms, processing plants, dairies, manufacturers of pig and
cattle meat as well as others with resources of biomass.

BIOGAS POWER PLANTS; BUOIA30OBBbIE 3JIEKTPOCTAHLUUU; BIOGAZOWNIE

SBPP (Small Biomass Power Plants)

Main features of the technology:

@ separation of the hydrolysis process
from the fermentation process by
using separate tanks for hydrolysis

@ reduced substrate demand while
I increasing the biomethane content

of biogas produced

@ great flexibility in the choice of
types of substrates used and their
quantities.

@ biomass is hydraulically mixed with
pumps outside the fermenter

ARIES

Technology of producing biologically safe
organic fertilizer from sewage sludge

J = \j\‘/ \\\\t\ Main features of the technology:
= S
ENVIROINIVIENTALYS e ooy

@ technology uses energetic use of sediment
F_RJ "‘J\J_)| { ® ;tllall#tcwersmeenerggmedsofmetreamem
IEC J JJ I J JE" ! Y :ﬁﬂofinfraslnxhneexisﬁnginthetreahnm

I @ uses modern Polish technology of biogas
production - biogas plant,

@ it allows to recover phosphorus contained in
sewage sludge,

. . @ for the treatment plant, it represents revenue,
not costs,

@ effectively destroys parasites and pathogens,

@ degradation of pharmaceuticals

@ uses the fertilizer sludge value,

@ the organic fertilizer produced ensures the
supply of essential nutrients and minerals to the
plants

@ the possibility of additional disposal of other

waste (ashes) to enrich the fertilizer.




BIOGAS

" Biogas is produced by the biological breakdown of organic
maitter in the absence of oxygen.

" Biogas consist mainly of methane and carbon dioxide and a
very small amounts of other substances, but its composition
varies depending upon the origin of used feedstock.

" It can be used as a low - cost fuel for heating purpose also In
modern waste management facilities where it can be used to
generate and electrical power.

= The combustion of biogas reduces the emission of sulfur
dioxide and nitrogen oxides in comparison to the combustion of
fossil fuels.

= Biogas production is a versatile biotechnology capable of
converting almost all types of biomass to methane and carbon
dioxide under anaerobic (absence of oxygen) conditions.

ARIES



Biomass for biogas production

Reference Total biogas Biogas production in
production WWTPs

From agricultural resi-

dues, industrial waste- | only from sewage sludge
water, biowaste, land-
fills and sewage sludge

Year GWhy CWhYy ;ﬁmao:l

Australia na. na. na.
Austria 2013 5703 na. na.
Brazil 2014 6133 23 7%
Denmark 2012 12181 2501 2%
Finland 2013 h672 1267 2%
France 2012 12133 973 8%
Germany 2014 415502 30502 7%
Ireland na. na.

Norway 2010 5001 16411 33%
South Korea 2013 25181 969 1 38%
Sweden 213 16861 6721 40%
Switzerland 2012 11291 550 1 49%
The Netherlands 2013 36311 n 20%
United Kingdom 2013 6.6373 7613 11%

I Energy generated as gross gas production

A Energy generated as electricity, heat, vehicle fuel or flared (excluding efficiency losses)
3 Electricity generation only (excluding efficiency losses)

n.a: data not available

+
A%gas. net/files/daten-redaktion/download/Technical%20Brochures/Wastewater_biogas_grey_web-1.pdf




Waste Water Treatment Plants

In wastewater treatment plants (WWTPs) sewage sludge is
produced as part of the water cleaning process.

The sludge contains the particles removed from the wastewater,
which are rich in nutrients and organic matter, leaving the water
clean for its release into nature. Growing population centers and
expanding industry, which are increasingly well served by
wastewater treatment facilities, result in rapid growth of sewage
sludge production

Wastewater treatment plant (WWTP)
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Biogas production using sewage

Sterge:

The sludge is pumped into the anaerobic reactors where digestion
takes place, usually at mesophilic temperature (35 — 39 °C). During
a retention time of around 20 days, microorganisms break down
part of the organic matter that is contained in the sludge and they
produce biogas, which is composed of methane, carbon dioxide
and trace gases. Biogas is used to feed cogeneration systems in
order to simultaneously produce heat and electricity.

Biogas production plant

- anaerobic biogas
BIOMASS hydrol DI0gd5
l YATOlysIs fermentation
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co-generation  electricity
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Advanatges of anearobic sludge fermentation
process-

" Post-fermentation slurry contains 3 — 5% of dry matter,

" Dry matter content can be increased up to about 35% applying
dewatering process,

" The volume of organic matter is reduced by about 50% in
comperison to unfermented substrate,

" Improvement of fertiliser value eg. a part of the organic nitrogen
IS converted to ammonium, which is more easily accessible for
plants,

" Reduction of methane emission to the atmosphere in
comparison to untreated sludge,

® QOdour reduction.

ARIES



Sludge Disinfection

" The sludge of municipal wastewater origin is biologically
contaminated by viruses, bacteria and eggs of parasites.

" Anaerobic fermentation can reduce number of pathogenic
microorganisms but can’t eliminate them completely.

" Dissinfection process must be applied.

" Under irradiation the decomposition of pollutants and
elimination of microorganisms in water undergo due to reaction
of water radiolysis products.

HZ’HZOZ

| =] «
B . ‘/’L::(f HZO . radiation ) .OH,H. ’ e_aq’
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Pilot experiments

SLUDGE SLUOGE MECHANICAL DEWATERED El.zcmo;qon
FERMENTATION RETENTION DEWATERING SLUDGE G
CHAMBER TANK STATION WAREHOUSE CHA
b&c.
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Sludge Conveyor
(Stainless|

Dose [kGv] ! Living eggs | number/kg dry matter |
Bacteria Dose
0 5.0 6.0 70 [kGy] Ascaris sp Trichuris sp. ~ Toxocara sp. Total
(A) (M (M (ATT)
Total bacteria content (in 1 ml) ~ 11x10% 27107 63x106  1.1x10°
0 9 90 60 240
Sformi a6 106 109 104 .
Spore-forming bacteria {in [ ml)  4.1x10° [4x10°  9.3x10 50 20 0 0 20
Coliform counts 103 103 10-3 102 6.0 0
Clostridium perfringens counts 104 10-4 10-3 10°2 1.0 0
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experience

Participation in the
design and start-up of
biogas plants  with
capacity of 1.2 MW in
Koczergi and
Miedzyrzec etc.




Hybrid biogas - eb system
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We need new solutions to preserve the @

EnVITONIMEeNt = Zero energy studge

hygenization plant!

wastewater

heat

Wastewater treatment plant (WWTP)

primary ‘ biological secondary | Epurlfledwatei;
treatment treatment sedimentation | |

| » |

sludge

<

electricity
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Biogas production plant

co-generation M l Riacichic ‘4— hydrolysis

fermentation
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Environmental friendly technology
Biogas production is disposal of problematic wastes

Production of renewable power through combined
heat and power cogeneration

Production of microbiologically safe organic fertiliser

Technology can be applied in any place with sufficient
biomass resources while there is no need to ensure
external electric energy supply

ARIES






