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1. Infroduction

About Green Power resources

Green energy is renewable energy. Its energy made from naturally
replenished resources like sunlight, flowing streams and cool breezes.
It is also made from biogas, a by-product of modern life that is
commonly released on dairy farms and landfills. These resources will
not run out, Renewable gases can enable decarburization of sectors
that are difficult to mitigate, such as heavy industry and chemical raw
materials. Renewable gases can also provide clean, distributable
energy generation to support intermittent renewable technologies and
help maximize the value of waste and use it to support the
development of a circular economic the goal was to design creative
devices and systems for hydrogen applications that will power green
energy futures.

The Renewable Gas

We will build on the democratizing power of hydrogen.

Our vision is to live in a world where fossil fuels are no longer used and
green hydrogen powers our lives via renewable energy sources,
hydrogen generation process is a new knowledge and the process energy
generation process by it is modern projects and researches In this paper
we talk about generation hydrogen by physics methods using a water
and

Electricity

Hydrogen has been a forgotten clean energy source for decades,
particularly since it was first proposed as a renewable energy source, and
has been sidelined by associated technologies such as hydrogen fuel cells,
which have failed to catch up with other popular clean energy sources
such as wind and solar today. However, thanks to some recent
technological developments, and research efforts made by prominent
international bodies as well as realizing the importance of alternative
energy sources in government plans to confront the consequences of
climate change, there may be an opportunity today to consider hydrogen
as a source of alternative energy. More than ever. Renewable hydrogen
production  Green hydrogen production is based on a process called
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electrolysis. During which an electric current is passed to separate water
molecules into hydrogen and oxygen atoms. When hydrogen is produced
in this way, the only by-product is water, yet we can generate clean energy
that can be used in industry, transportation, and more. However, the
dilemma is that today's water electrolysis techniques are very expensive,
and require highly purified desalinated water, which is difficult to obtain
in desert areas.

To overcome this, conducts unique research in direct electrolysis of
seawater to avoid the need for desalination or the use of pure water, in
addition to conducting research aimed at producing new and durable
materials for electrolyzes, which contribute to reducing the cost of
these processes, and developing algorithms supported by custom
artificial intelligence technology. To improve the performance of
electrolyzes.

Research efforts are not limited to developing the electrolysis process
only, but also include devising other ways to use hydrogen after its
production and developing solutions for the hydrogen transfer process,
which is the main challenge of this entire process. Since hydrogen
cannot be transported easily, one proposed solution is to convert the
hydrogen produced into fuels and chemicals, which can be transported
more easily.

Green hydrogen can be converted into carrier molecules such as
ammonia, methanol, and formic acid. Scientists research the
production and use of various hydrogen-bearing molecules for
industry, power generation and transportation applications.

There is no doubt that these efforts and developments in the production
process will move the green hydrogen sector to a stage where it is more
feasible from an economic point of view.
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PSE Electricity fuel mix PSE Green Power fuel mix
Product Content* Product Content**

Geothermal: 1%
Landfill Gas: 1%

Hydro: 23% Natural Gas:

Wind: 58% Solar: 36%

Nuclear: <1%
Other:: <1%
Solar: 1%

SUSTAINABLE
RELIABLE

How it helps
Hydrogen is use in generation power by some type process like:
The planet: By reducing methane leaks, companies can reach emissions,

achieve climate goals and improve safety. Consider: methane is 80 fimes more
effective at trapping heat than carbon dioxide after 20 years, according to the

October 22, 2022

g ml  MODERN HOME ENGINEERING

T,

E?:_"ﬁ"“f,‘ EMAIL: ibrahimbashir4modern@gmail.com
S g T
,!7_“ Tell: +249112777715 - Sudan,Khartoum




MODERN HOME gczszzo
@ ENG I NEERI NG Date OCT 19%, 2022

Cradle to grave

Cradle to gate

Production
P =) Transport Recyclin,
Feedstock Report, processingof and stgrage biseof and dispogai
SGapl storage of feedstock to ol ranawabin renewable R ble
PPy feedstock renewable gas we

as S
gas & o
Upstream emissions Downstream emissions

Hydrogen fuel cells o power
airplanes and air taxis

Drone concept pictured above

Definition: A fuel cell works by
converting  stored chemical
energy into electricity, just like a
battery. The hydrogen fuel cell is
one of the most common and can el ;
be used in aircraft propulsion § e

systems. It can contain three to five fimes more energy than the electrical system
of a battery of equivalent mass. Properly designed, the hydrogen fuel cell system
weighs less and is more compact than an equivalent battery electrical system.

How it helps the planet: Propulsion with hydrogen fuel cells can reduce the impact
of aviation's climate by 75 to 90%, according to a McKinsey hydrogen technology
study. Unlike a combustion engine, a fuel cell assembly has no moving parts and
can operate quietly and with higher levels of efficiency and reliability. This form of
payment will be especially important as the future of transportation changes to
long-haul air taxis.

Renewable hydrogen

Renewable hydrogen, or ‘green hydrogen’, is hydrogen that is produced using
renewable energy sources and feedstock is with minimal or zero emissions. This can
be done through electrolysis

Using renewable electricity or by using biome thane SMR. Fossil fuel-derived
hydrogen can have significant emissions and may not reduce emissions compared
to direct coal or natural gas use.
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Electrolysis is a process in which water is split infto hydrogen and oxygen using
electricity. SMR is a process in which methane is heSQ1UTated with steam and a
catalyst to produce syngas, a mixture of carbon monoxide and hydrogen, which
reacts further to produce carbon dioxide and hydrogen.

Other renewable gases

Other renewable gases could provide a zero emissions alternative to fossil fuel use.
Examples include Dimethyl ether and synthetic methane made using renewable
hydrogen and carbon dioxide.

Technologies and markets for these gases are relatively immature but they may
become commercially viable in the medium term.

Pathway to Low or Near-Zero Carbon with Gas Turbines

RE ES

S BY...

COAL
]
Global Global HA HA Combined  HA Combined HA with

Average Average Combined Cycle with Cycle with 90% 100% H
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Cycle 50% H Carbon Capture
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HYBRID SUSTAINABLE ENERGY TEC.
(HSE) :

The technology is based on the maximum benefit from the results of research
and science related to energy sustainability, by designing an autonomous
system, or depending on environmentally friendly resources, both
economically and environmentally, The technology is based on designing
power cells based on pnnmples

Hydrogen Electrolysis

B A A A A A A
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Hydrogen
Compressor
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The Hydrogen Electrolyser
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BGC kg rouv nd The details of the cell design vary according to

the requirements of the system to be fed and the amount of energy in it
with the stability of basic elements in all cells

Hydrogen

Compressor
IN.. t' TORE
a— <IN
| | 4

The Hydrogen Electrolyser
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Solar H, Capabilities higher) warranty level, H, concentrations up to 20% should

i . not impact the emissions warranty.
Solar’s gas turbines, packages and compressors are

available for H, blend fuel now for both conventional and Customer Services

SoLoNOx combustion. Solar is committed to supporting ; . i

the industry with a comprehensive development program Solar Turbines provides continuing support for our

leading to 100% capability on SoLoNOXx by the year 2030 customers to ensure theuy success with package uvp_grades,
or earlier. The percent of H, blended with natural gas can controls retrofits and engine and compressor mgdlf:catlons
have an impact on the gas turbine’s emissions signature. for hydrogen blend operation. In addition, Solar’s Fleet

For conventional combustion, the impact on NOx emission Assessment Services (FAS) provides a consultative

varies by the percent of H, and the other fuel constituents assessment and recommendation for hydrogen blend and
and will be determined on a project-by-project basis. For carbon reduction fleet opportunities and asset optimization.
SoLoNOx combustion systems at the 15 ppm NOx (and

SOLAR’S H, CAPABILITIES

SOLONOX CONVENTIONAL COMBUSTION
Up to 20% H, Up to 100% H,
e Refineries in United States Up to 20% H, e Steel Industry Applications in China Up to
e Chemical Plant Applications in China and Europe 65% H,
Up to 20% H, e Propane Dehydrogenation Applications in

Belgium Up to 83% H,
e Refinery Applications in the United States Up to
37% H,

HYDROGEN EXPERIENCE AND CAPABILITIES

Hydrogen (H,) in gas turbine operation enables carbon @ 2+ Million Operating Hours
reduction opportunities across a broad range of

applications and industries. Gas turbines provide a stable

base load and support increased renewable penetration @ N . N

Solar Turbines has been providing solutions for H, rich Q High H; Expacicncs Siisce 1965
fuels since 1985 and has logged over two million hours

of operation, some units today using as much as 80% H Carbon Reduction

content :

In order to meet increasing energy demands from especially for high carbon monoxide. The best solution
customers as well as carbon reduction targets set by candidate today for this market/fuel gas is a conventiorg
companies and countries, increased global usage of H, combustion system

is paramount. Solar is committed to continue increasing

our H, capabilites and investing in H, technology, offering Solar’s H, Technology Experience

energy solutions that are clean, safe and reliable
Solar has extensive experience and is a leader among

Within pipeline gas applications, H, will displace some turbine manufacturer’s in high H, technology. As part of
portion of the natural gas in the pipeline. It is expected that experience, 46 generator set packages are operating w
the H, content of the gas will not exceed 20% for the near nearly two million hours of accumulated experience ang
future. Within the industrial process market, H, content up to 65% H,. Solar also has H, experience in refineries|

is greater than 20% and as high as 100%. This market with over 40,000 hours with up to 37% H, in a conventi
may include fuel gas with significant levels of other gases combustion system and with SoLoNOx™ (dry low emissi|
than methane, leading to careful consideration of safety, combustion) using fuel with H, content up to 20%

SOLAR’'S H, TECHNOLOGY EXPERIENCE (55 UNITS WITH 2M OPERATING HOURS)

SoloNOx Conventional

MITSUBISHI

1992 2003 2013 Today
SoloNOx™ Titan 130 Partnered with Expar o
introduces SoloNOx™ at DOE for hegh-H Capatlities

9% H 2010 1ng 2018 ) Up 1o 20% SoloNOx

and analysis 100% conventional
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2. 1 E LECTRO LYS E R The alkaline solution works as electrolyte in the

minimal mantenance.
l

Uptobeelstacks 100Nmh, !

ROBUST PROVEN TECHNOLOGY

STACK AND BALANGE-OF-STACK (B0S)

Celstacks and Gas Generation System ¥ +
Power rectiers [ +
Control Panel + +
Water quality monitoring system [ +
Rectifier Cooling [ +
BALANGE-OF-PLANT (BOP)

(Gas Cooling with Chier ¥ +
Electrolysis Cooling with Dry Cooler ¥ '
Water Purfication System ¥ +
Instrument Air Compressor ¥ ¥
Hydrogen Purification System [ #

MODULAR AND FLEXIBLE

Stack configurations avalable in 1,2, 4 and 6
stacks with nominal hydrogen outputs from
101t0 100 ¥, easly scalabl to uturs needs.

Flawless safety record over decades.

*=gtandard
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cells. It leaves the cell with generated hydrogen and oxygen to the gas-lye
separators and goes to the collection pipes. After filtering out the impurities, the
solution is pumped back into electrolyzer.

P

A)—————

H2-lye Sgparator

Heat Exchanger

H2 Washer

iCu

Lye Pump

TN

7
é
7
¢

NN

Lye Rilter

/L —
%
02-lye Separator

-

02 Washer

Heat Exchanger

Supplementary of the DM water:

The DM water is fed into both the hydrogen washer and oxygen washer for supplementary of DM
water in the hydrogen generating system by the DM water pump. Additionally, the DM water
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supplementary system can also be used to deliver lye from the lye tank to the O separator for the
purpose of supplementary of lye solution if necessary.

H2-lye Skparator

-

~r

s

\¥/ O2-lye Sgeparator

02 Washer

Water Pump

DM Water Tank

Preparation of lye:

The function of lye is to improve the electrical conductivity for water electrolysis. Under normal
operation condition, the consumption of lye will be nearly zero. Generally, the supplementary of
lye will be needed only one time each year, if necessary, with a small amount of lye. For
preparation of lye solution, solid caustic potash is added into the lye tank that is filled with two-
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third of DM water inside and then the lye pump starts to agitate that helps to dissolve the caustic
potash in the DM water.

Lye level at Lye level at
anode cathode

/
P(kPa) %
| | I | Regulating valve Repulating valve
=T L e A
“‘ ) i) | ?

I
|
|
|

\
L R -—
H== 1—_1- '|-_—2 ----- i H2-lye SFparator 02-lye SEparator
| | N

>

SP1 !
e |
! ' ! H2 Washer 02 Washer
L%,
PID regulating curve for liquid Zz
g lg ! q t(s)
evel
SP1: Nominallevel T1: Electrolyzer operation time
SP2: Refill level T2: Refilling time

T14T2: Cycletime

[ S e 1
| PLC :
! Anode+ I
| Pneumatic
Liquid level Safety PID I E/P .
—>| | - —> —> I
transducer (anode) barrier | algorithm | converter rei::":ng
|
= |
Liquid level Safety | Cathode- |
transducer — beiees T !
(cathode) | |
_________________ 3

1) The BUYER should perform civil engineering design for the architecture of PLANT, in
accordance with its national corresponding standards and codes.

2) The SELLER should provide to the BUYER detailed technical specifications on all
equipment, skids and / or modules, including the loads, foundations, pipe connections and
cables connection between skids and / or modules.

3) The BUYER may ask the SELLER to provide the international corresponding standard
and code for the engineering design on the PLANT and in accordance with his own actual
condition, the BUYER can be entitled to accept the standard or refuse the standard to be
adhered to. The BUYER has assigned supposing the process design and erection design on the
PLANT to the SELLER, itis regarded automatically that the BUYER accept the corresponding
standards, which are applied to the engineering design on PLANT by the SELLER.
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2.2 FUEL CELL

ARCTRONTER YHOROGEN FURL CRAS
STORME
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2.1.1 WHAT IS A FUEL CELL?

Fuel cells are not new. In fact,
the first reference to hydrogen

fuel cells appearsin 1838 in Y
the December issue of The . ’ \
London g TSN
and Edinburgh Philosophical (=) (=)
Magazine and Journal st
technology to unlocka carbon- oo’

neutral future
of Science. Almost 200 years later, the world is recognizing fuel is key

Hydrogen Electrolysis

8 Volts

DXVEEN

hydrogen

OCT 19t, 2022
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Electrolysis of water Water electrolysis is a well-established technology that has been used for
nearly a century for various applications in industry, and is also considered an essential process that
can also be used to elucidate the mechanism of

hydrogen production by water electrolysis and other various mechanisms, and it is expected that
hydroelectric transformers will occupy an increasingly prominent place in the near future. For the
decentralized production of hydrogen in particular, and this article will talk about the mechanism
of hydrogen production by electrolysis. Hydrogen production mechanism by electrolysis Low cost
alkaline water electrolysis is a sustainable and stable method, using renewable energy inputs, but
preventing hydrogen/oxygen mixing and efficient use of unstable renewable energy is a major
challenge.

)

N\

H20 and Oxygen
Hydrogen

n:& n%
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2.1.2 How does a fuel cell work?

A fuel cell is comprised of two electrodes and an electrolyte membrane. The electrodes are
called a cathode and an anode, and they sandwich the electrolyte membrane between them.
Within that system, a series of chemical reactions occur to separate the electrons from the fuel
molecules to create energy.

Anodic
Catalyst Layer

Cathodic
Catalyst Layer

Fuel In Air In

Excess
Fuel Out

Unused Air,
—] VWVWater and Heat

Anode Plate Protonmn Exchange Cathode Plate

Membrane
(PEMNM)

The fuel, typically hydrogen, is fed into the anode on one side while oxygen is fed into the cathode
on the other. At the anode, the hydrogen fuel molecules are separated into protons and electrons
that will travel different paths toward the cathode. The electrons go through the electrical circuit,

Fuel cell system

© Fuel cell control unit

© Anode recirculation blower

© Hydrogen gas injector

© Fuel cell stack

© Electric air compressor

© Humidifier/stack bypass valve
@ Stack-isolation and control valve

Electric drive
© eAxle

Sensor set

© Low-pressure sensor

@ Hydrogen-exhaust sensor

@ Pressure-based air-flow meter
@ Hot-film air-mass meter

&l

"
Kk

o

i

Air path
) @ water path
() Hydrogen path

@ High-voltage path
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creating the flow of electricity. The protons travel through the electrolyte to the cathode. Once at
the cathode, oxygen molecules react with the electrons and with the protons to create water
molecules.

From the use of renewable energy, the hydrogen production mechanism occurs by
electrolysis at the cathode by reducing water; as the anodic Ni (OH) 2 is oxidized at the same
time to NiOOH, the subsequent oxygen production includes the reduction of the catholic
nickel ox hydroxide, and this can be expressed by the following equation:

NiOOH - Ni (OH) 2 the production of NiOOH

During electrolytic hydrogen production can be combined with the zinc anode to form a battery
of zinc with NiOOH-Zn, and the discharge product, Ni(OH) 2 , can be used in the electrolytic
hydrogen production mechanism once Others, the electrolysis of water is generally performed at
room temperature under acidic or alkaline conditions, whereby the electrolysis of water is
performed under the acidic state in an electrolyze with a PEM proton exchange membrane; It is
called PEM, and although PEM water electrolysis systems offer many advantages, such as high
energy efficiency, high rate of electrolytic hydrogen production, and compact design, their use
faces many challenges due to the high cost of catalysts and membranes

DC Power

] "3
ltl

Hydrogen tank Alkaline Electrolyte

The Hydrogen Electrolyser

The effect of pressure on the electrolysis of water The speed of pressure on the water molecule
determines the amount of energy required, so an increase in pressure will mean that more energy
will be required, and the same amount of voltage can be used by increasing the electric current,
and this depends on the amount of electrolyte at the anode / cathode used in the generator, and
if one could make an atmospheric medium such as a car battery, the electric current would not
change with respect to the medium but to the atmosphere; Where water molecules cause
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refraction and/or reversal reflexes that will make the lightning energy more exciting than it actually
is but will increase the strength of the electric current somewhat, by passing through the water
molecule in the air and then bouncing back, and then continuing to measure Lightning force with
respect to the number of times the bolt's energy is amplified in the multitude of a series of reflexes
down a path Electron , the higher the humidi ty, the higher the energy.

.| FC module |

= o Bo F. Electrical
EC boost«converter output
P - 3 = Hydrogen
i S
= ‘. < = drogen supply

device

— T
Coolant
— -y drOgen

Air cleaner

— 1t U

Hydrogen
Compressor

Ll

The Hydroaen Electrolyser

—

—
-
o=
-
-
.
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.
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Clean energy

A fuel cell is a clean energy source with
the only byproducts being electricity
(power), heat and water. A single fuel cell
alone only produces a few watts of
power; therefore, several fuel cells can
be stacked together to create a fuel cell
stack. When combined in stacks, the fuel
cells’ output can vary greatly, from just a
few kilowatts of power to
multimegawatt installations.
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2.2 ENGINE & TURBINE:
INCREASED INTEREST IN HYDROGEN ENGINES

FUEL CELL POWER TRAIN

BOOST CONVERTER RECIRCULATION FAN
J

AIR FILTER
J

WATER SEPARATOR

ION EXCHANGER
BOOST
HEATER (HV)
FUEL CELL FRAME
(BODY MOUNTED)

ELECTRIC DRIVE
SUSPENSION

(FOUR POINT
MOUNTING)

FUEL CELL STACK

AIR COMPRESSOR -
[

a4

$ FUEL CELL FRAME
HT/LT (BODY MOUNTED)
COOLANT PUMP e

HUMIDIFIER
L

AIR CONDITIONING COMPRESSOR (HV)
|

Hydrogen and hydrogen engines have received a lot of attention in business, media,
and government circles. For good reason - the need to reduce global greenhouse
gas emissions and reach the destination zero is greater than ever. Hydrogen fuel is
one of the most promising non-fossil energy carriers.

In the electricity sector, energy-to-hydrogen and hydrogen-to-energy technologies
such as hydrogen combustion turbines are rapidly developing. In the transportation
sector, initial interest has focused on fuel | cell hydrogen electric vehicles, or FCEVs.
Recently, hydrogen vehicles powered by internal combustion engines have received
increasing attention, especially among medium and heavy-duty trucking applications.
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Hydrogen engines can enable your journey to Destination Zero by using carbon-neutral
hydrogen fuels like FCEV, and using technology familiar to car manufacturers, fleets
and drivers.

HYDROGEN ENGINES AND FUEL CELLS

Hydrogen engines and hydrogen fuel cells are very different technologies that achieve
a similar function— powering a vehicle using hydrogen.

They are two complementary technologies that serve different applications and
respond to different end user requirements.

Fuel cells are a new and advanced technology. Hydrogen engines are just modified
internal combustion engines. The hydrogen-fueling infrastructure developed for the
applications of one can serve the applications of the other. And any development
towards more economical onboard hydrogen storage is entirely applicable to both.

Four of the technologies to power
transportation sector with zero carbon fuels

r—

@ }@Q 41‘7 b T

Hydrogen engines 1 RNG engines Battery-electric 2 Hydrogen fuel cells 1

Transportation sector's GHG emissions rising faster than other sectors in the U_S.
23% ¢
9% 1

8% 1
12% §

120%

100%

80%
1980 1995 2000 2005 2010 2015

Electricity generation == Transportation Industry Ag, commercial, and residential

ENVIRONMENTAL BENEFITS OF HYDROGEN ENGINES
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Vehicles with hydrogen internal combustion engines can operate without any carbon
dioxide emissions coming from hydrogen fuel, directly or indirectly, depending on the
hydrogen source used.

Hydrogen generated by electrolysis using electricity from solar panels or wind
turbines, for example, enables carbon dioxide-free driving. In addition, hydrogen
fuel does not release any particulate matter, carbon monoxide, or volatile organic
compounds.

However, hydrogen engines have the potential to release some nitrogen oxides, an at

HYDROGEN AS A FUEL FOR GAS
TURBINES
B urging hydrogen is a potential pathway to decarbonize gas ‘turbines by
replacing natural gas fuel with hydrogen, which has no carbon,
And therefore, no CO: in the exhaust. One area to consider when burning
Hydrogen is that more NOx may be produced compared to natural gas.
M cost (~95%) of the hydrogen produced today is produced using
natural gas via the Steam Methane Reforming process,
with the resultant CO>
Released to the atmosphere. This is called “grey” hydrogen.
A doing a carbon capture system to this process results in
“Blue” hydrogen.
S o-called “green” hydrogen is produced by electrolyzing water
r into hydrogen and oxygen using renewable energy as the power
Source.
A gas turbine does not care which

Morphemic pollutant that can contribute to the haze sometimes
seen over large

October 22, 2022

fﬁ] MODERN HOME ENGINEERING

?f,l EMAIL: ibrahimbashirdmodern@gmail.com

Tell: +249112777715 - Sudan,Khartoum



MODERN HOME 2z

Rev

ENG I N EER I NG Date OCT 19t, 2022

Annex

cities during the summer months. Post-treatment systems are used to eliminate most
NOx emissions.

Compressor Combustor Turbine c U M M I Ns x1 5TM
FOR MOTORHOMES

YOU DESERVE A DIESEL. One with proven reliability and more power than any other diesel
engine available for motorhomes. Cummins X15 fits that description and is the most popular heavy-
duty diesel engine on the road. Plus, it's a prime example of American ingenuity as it's designed in
Indiana and built in Jamestown, New York.

PERFORMANCE UPPORT
= Stronger In The Hills - With torque ratings up to = Peace of Mind - With a standard 5-year/100,000-
1950 Ib-ft, maximum torque is available over a wider mile base warranty and optional full engine and
rpm range than eariier products. aftertreatment coverages for up to eight years, we've
= Proven Performance — Proven platform that's the g0t you covered,

most popular heavy-duty diesel for not just RVs but Cummins on Every Corner - Over 3,700 authorized
commercial trucks as well. locations across North America to support parts and
Better Downhill Control - The most powerfulengine  S¢/Vice needs.

brake in the industry with up to 600 braking hp. One Source for Service — Your local Cummins Sales

Reduced Noise — Quicter operation, especially at idle, and Service location supports both Cummins engines
: ¥ 2 pmins Onan generators.

s

Support - Call 1-800-CUMMINS
357) for answers to your questions and

Ir service needs.
uidanz™ and INLINE —allows you
engine lights and share via email with
brovider.

X15 RATINGS

Maximum Governed Peak Torque

Engine HP (kW) Speed (RPM) LB-FT (N*M) @ RPM

X15 605 | 605 (451) 2100 1950 (2508) @ 1100
[x15 565 | s65 (@22) | 2100 | 1850 (2508) @ 1100
X15 TYPICAL MAINTENANCE
INTERVALS
Maintenance Item Miles/Kilometers*
) ) 20,000 mi
Oil and Filter il 12
60.000 mi
Fus! Elter 96,500 xm 1= X15 MAXIMUM TORQUE

500,000 i AND HORSEPOWER

Valve Lash Check 800,000 Kkm 60

ARATING  —

Crankcase Breather Filter Maintenance Free 2200
* Whichever occurs first. Consult your chassis and engine Owners Manuals for 200 —____— ————————
more information 1800
X15 SPECIFICATIONS & 1600
& 1400
Configuration Inline 6 =
1200
Displacement 912 cum 149
Lube Oil Capacity 48-54 ar 45-51 1 1000
idle Speed 600-800 Arm 800
Optional Compression Brake Up to 600 1e @ 2100 aem
R L ] Sy 2130 rem 600 800 1000 1200 1400 1600 1800 2000 2200
Maximum Overspeed 26 Eapias St prran
525 R
Capability 200
Engine Weight (Dry) 2961 18 1343 ko 06
Aftertreatment Weight 187-247 18 89-112 ka
500
Biodiesel Compatibility Up to B20 _
E 400
g 300
200
POWERING YOUR DRIVE 100

AND YOUR RELAXATION.
Cummins ¢ all your power needs by also
offering a range of generators for the RV market.

600 800 1000 1200 1400 1600 1800 2000 2200
Engine Speed (RPM)

GET THE LATEST
| = .; < INFORMATION.

Visit rv.cummins.com to learn more about
Cummins X15 engines and Cummins generators.

Cummins Inc.
Box 3005

Columbus, IN 47202-3005
U.S.A.
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2.3 ALTERNATOR:

While the battery is essential for starting your car when it is off, the alternator keeps
your car alive when the engine is running. The alternator powers most car's
electronic components while you're driving around or idling, including your
headlights, electric steering, power windows, windshield wipers, heated seats,
dashboard instruments, and radio. The alternator supplies all of them with direct
current (DC) power. Your alternator is also responsible for charging your car battery
while driving.

The alternator works by turning mechanical energy into electrical energy. When
your engine is on, it powers a drive belt that rests on a pulley attached to the
alternator. The pulley turns the alternator's rotor shaft, which spins a set of
magnets around a coil. These spinning magnets generate alternating current
(AC) around the coil, which is then channeled to the alternator's rectifier. The
rectifier converts that AC power info DC power, which activates your electrical
systems.

Alternators typically last the lifetime of your vehicle, but that does not always
happen. General wear and tear, heat damage, overuse, exposure to water, faulty
parts, or frayed wires can put your alternator out of commission before your car
heads to the scrap yard.

ALTERNATOR

2022
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i bgfner Mecc Alte UK Ltd T +44(0)1572 771160
mecc alte F: 444101 187277161
E: info@mecc
www.meccalte.com
Rutland
LE15 6RF UK
23" May 2022

To whom it may concern,

Mecc Alte UK Limited, 6 Lands’ End Way, Oakham, Rutland, LE15 6RF, as manufacturers of
A.C. alternators, hereby confirm that Modern Home Engineering, Khartoum, 11111,
SUDAN, are an authorized manufacturer of diesel generators using the Mecc Alte
range of A.C. alternators.

Modern Home Engineering also has Mecc Alte full support for warranty and genuine spare
parts in accordance with our official guidelines, terms and conditions of our warranty
procedure.

With Best Regards

(S

Mr Jonathan Stokes
Sales & Marketing Director NEMEA

R
{ mecc alte

6 Lands End Way, Oakham, Rutland
LE15 6RF, England
Tel: 00 44 1572 771160
Fax: 00 44 1§72 771161
Reg. No. 3320100 VAT No. GB 690 7302 32

POWER FROM WITHIN
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Arcole, 17" March 2022
MODERN HOME ENGINEERING
Khartoum
SUDAN

To whom it may concern

This is to certify that
MODERN HOME ENGINEERING
located in Khartoum - Sudan

has been appointed as LINZ ELECTRIC approved importer and distributor for Sudan since March
2022.

Moreover, we certify that MODERN HOME ENGINEERING is one of our approved Service Points
in the Sudanese territory for the rotating electrical machineries we manufacture, that is as
alternators and welders.

MODERN HOME ENGINEERING will provide spare parts and aftersales service for the a/m
machinery and in coordination with Linz Electric S.p.A.

For Warranty Terms and Conditions reference is made to Linz Electric General Terms and
Conditions of Sale specified on Linz Electric Price List.

*/JE S.p.A, LINZELECTRIC S.p.A.
74

>

LINZ ELECTRIC S.p.A. V.le del Lavoro 20/~ 37040 ARCOLE (VR) ITALIA — C.F./P.IVA IT01954820237
Tel. +39-045-7639201 - Fax +39- -7639202 - info@linzelectric.com - li i
Capitale Sociale € 4.000.000,00 I.v. Registro Imprese di Verona n. 01954820237 Mec. Import VR008916 — C.C. l A.A. VR207789

&
&

'i:.

aa@
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LINZ

ELEcTRIC
ey

TECHNICAL DATA SHEET

— Performance in

= | 4 DIMENSIONS

Power Products

At Cabel UK, we offer an extensive
range of products and services
nationwide. We are contactable
24/7 through our range of platforms
guaranteeing our customers real
peace of mind that their machinery
will be back up and running in the
most time-effective manner.

Checctie) N ocoo

:
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BONDED MOUNTING
TECHNOLOGY

DURABLE BONDING OF PV MODULES TO MOUNTING SYSTEMS WITH Sikasil®

PRODUCT SPECIFICATIONS FOR DG500 (60 HZ) CAT

Natural Gas Rating

Fuel Type

Emissions/Fuel Strategy

NEW HORIZONS IN SEALING AND
BONDING FOR PHOTOVOLTAICS

500 ekW
Natural Gas

U.S. EPA Certified for Stationary Emergency Application

oM 1800
.
l'he Hydrologic Cycle
Voltage 120/208, 120/240, 277/480, 346/600 VAC
o\//ater evaporates
Engine Model Cat® CG18 In-line 6, 4-cycle Natural Gas from 11|-l| 1ts, soil,
streams, and the ocean Soul ioltaion
Fuel System Gas mixer, Venturi -
o (i than condanses to e
Aspiration Turbocharged - Air-to-Air Aftercooled z s
form clouds
Governor Type Electronic eWater falls to the
Disilasament 54 surfac rain or snow
Compression Ratio 1054 *Sorne of the water
forms rivers and flows
Bore 145 mm back to the oceans
Stroke 183mm eSome of it percolates
doyn through the soil
to the zone of
Length 3581 mm saturation
Width 1854 mm
Heighe 2083 e Animation
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Our hydrogen combustion technologies can be applied to a

wide range of gas turbines from small to large frame in the

30MW to 1280MW class.

GT Model

H-2% 60/50Hz
H-100 60/50Hz
M501F 60Hz
M501GAC 60Hz
M501J

msoiac | o0H2
M701F 50Hz
M701)

M701JAC 50Hz

Combustor Type

Diffusion
Multi-Cluster (DLN®)

Pre-Mix (DLN)
Multi-Cluster (DLN)

Diffusion
Pre-Mix (DLN)
Multi-Cluster (DLN)

Pre-Mix (DLN)
Multi-Cluster (DLN)

Pre-Mix (DLN)
Multi-Cluster (DLN)

Diffusion
Pre-Mix (DLN)
Multi-Cluster (DLN)

Pre-Mix (DLN)
Multi-Cluster (DLN)

H: (vol%)
100
30-+100 (target)
30
100 (target)
100
30
100 (target)
30
100 (target)
30
100 (target)
100
30
100 (target)
30
100 (target)

« DUN: Dry Low NOx

B O¢fusion [ Pre-Mox (DULN)

Mtti-Cluster (DUN) current I Mutti-Cluster (DUN) target under development

* Table of hydrogen mixing ratio for each gas turbine model

Sl
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The world's first integrated green hydrogen solution

Mitsubishi Power has also begun providing the world's first
integrated green hydrogen solution that includes power balancing
and energy storage across multiple projects in the U.S. The
integrated green hydrogen solutions are the Hydaptive™ integrated
package and Hydaptive™ Storage package. The Hydaptive™ package
provides renewable energy flexibility by acting as a
near-instantaneous power balancing resource that greatly enhances
the ability of a simple cycle or combined cycle power plant to ramp
output up and down to provide grid balancing services. It integrates a
hydrogen and natural gas fueled gas turbine power plant with
electrolysis to produce green hydrogen using 100% renewable power

Rev
OCT 19th, 2022
Annex

and onsite storage of green hydrogen. Patent-pending TOMONI..
software and controls enable rapid load response by integrating
operations of the gas turbines and the electrolysis plants. The
Hydaptive™ Storage package combines the Hydaptive™ package
with access to a large-scale off-site hydrogen production and
storage infrastructure to sustain the supply of carbon-free green
hydrogen, during the peak energy demand period.

The two combined will solve the challenges faced by power plants
operators and power transmission companies by integrating
renewable energy, gas turbine, green hydrogen, and fuel storage
technology, etc., to drive the momentum towards an 100%

carbon-free power generation.

HYDAPTIVE™ STANDARD FLEXIBILITY PACKAGE

Integrated thermal cycle optimized

Electrolyzer

Curtailed Energy

The i ck

Green Hz Onsite Storage

Zero Carbon
-4 - Q===
|

Comolnlbaammld

| I
! by intelligent solutions TOMONImn« !
| I I |
I I
| I

Gas Turbines

Controls the
discharging rate |

the path toward 100% carbon-free power generation

« Technology adapts as the grid needs larger amounts of energy storage
« Standard packages reduce the cost and complexity of decarbonization
« Integrated technology adds flexibility to existing dispatchable power generation

Storing green hydrogen in salt domes

Together with Magnum Development, Mitsubishi Power is driving the
Advanced Clean Energy Storage Project. Using power generated
from wind and solar power, the electrolyzer produces green

Energy Storage to
Underground salt caverns

->

Compressors

7N h
A2 lectrolyzers Hydrogen Compressed
storage  air storage
Clean Power
Generation

Advanced Clean Energy Storage

Mitsubishi Power has cutting-edge hydrogen combustion
technologies, and its hydrogen gas turbine requires minimum
modification to the existing infrastructures at the power plants. In
2018, Mitsubishi Power had already achieved 30% hydrogen
co-combustion and aims to make this 100% hydrogen by 2025.
Large-scale hydrogen generation is a crucial piece in creating a truly

VI M A T M AT T IV U U T LISy Y T VU

Tell: +249112777715 - Sudan,Khartoum

hydrogen which is then stored in an underground salt dome
controlled by Magnum Development. Hydrogen is then provided to
the power plants as needed. The salt dome has the capacity to store
the equivalent of 150GWh of energy.

- Electricity
I Hydrogen
- Compressed air

Expanders

H:z combustion
turbines

Fuel cells

Energy Storage Capacity 150GWh

Location Utah, USA

Off-takers This project was launched in May 2019.

Renewable hydrogen will be stored in salt
caverns owned by Magnum Development LLC

and be delivered to power generation,
industria & transportation sectors.

Flow batteries

sustainable society across the globe. Cost is a challenge today,
however as technology evolves, we will continue to reduce the cost
of green hydrogen. Mitsubishi Power is fully committed to playing a
significant leadership role in addressing this global obligation and
deliver technological advancements to attain a carbon-free hydrogen

society.
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Development Status of Hydrogen Combustion Technology

The dream of a CO,-free society—100% hydrogen thermal
power generation

The values below are emissions per unit indicating CO; emission
volume when generating 1kWh of electricity.

Standard coal-fired power generation: 863g-CO2 /kWh
Ultra-supercritical (USC) coal-fired power generation: 820g-C0: /kWh
GTCC power generation: 3409-C0O; /kWh

Hydrogen 30% mixed-combustion gas turbine: 305g-C0: /kWh

As Mitsubishi Power has successfully achieved mixed-combustion
power generation at 30% hydrogen, Satoshi Tanimura's next objective
is CO-free power generation, or 100% hydrogen power generation
technology. However, with a high concentration of hydrogen, the risk of
flashback rises, as does the concentration of NOx. A combustor for
hydrogen-fired power generation demands technology that enables
efficient mixing of hydrogen and air, and stable combustion.

“There are important conditions concerning the mixing of hydrogen and
air as well,” said Tanimura. "It is difficult to mix hydrogen and air in a
large space, and using a rotational current and mixing them well
requires a rather large space. This is what pushes the risk of flashback

CO: emission upward. In order to mix hydrogen and air in a short period of time, it
(g/kWh)
¢ has to be done in as confined a space as possible. The problem is that
in this case the fuel nozzle jets and flame are in closer proximity,
making flashback increasingly likely. We thought about how to deal
\ with this, and it occurred to us that we needed to disperse the flame
/_\ and reduce the fuel spray particle size. The key technology to this
method is the fuel delivery nozzle. We upgraded the design, which
\ normally features eight nozzles, and created the distributed lean
820° 340° 305 0 burning, or multi-cluster combustor, which incorporates many nozzles.
We reduced the size of the nozzle opening and injected air, and then
USC Coal-fired NG LNG-30%H2 100%H2
SRe— s oy b sprayed hydrogen and mixed them. As this method does not employ a
«Source: METI Web Site(https://www.meti.go.jp/committee/kenkyukai/ rotational current, mixing is possible on a smaller scale, and low-NOx
energy_environment/jisedai_karyoku/001_haifu.html) -
combustion can be accomplished.
Hydrogen is an excellent fuel, but difficult to handle. Changing thinking in
mixing methods by upgrading the nozzle. That's the kind of challenges
engineers are wrestling with in the battlefield of development.
GT Model Combustor Type H: (vol%) 0 5l° "AI‘J
H-25 60/50Hz Diffusion 100
Multi-Cluster (DLN*) 30-+100 (target) .
H-100 60/50Hz Pre-Mix (DLN) 30
Multi-Cluster (DLN) 100 (target)
Diffusion 100
MS01F H:
) alre Pre-Mix (DLN) 30
Multi-Cluster (DLN) 100 (target)
M501GAC 60Hz Pre-Mix (DLN) 30
Multi-Cluster (DLN) 100 (target)
M501)
60Hz Pre-Mix (DLN) 30
M501JAC Multi-Cluster (DLN) 100 (target)
M701F 50Hz Diffusion 100
Pre-Mix (DLN) 30
Multi-Cluster (DLN) 100 (target)
AL 50Hz Pre-Mix (DLN) 30
Multi-Cluster (DLN) 100 (target)
» DLN: Dry Low NOx B Oitfusion [N Pre-Mix (DLN) Multi-Cluster (OLN) current Il Mutti-Cluster (DLN) target under development

i
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ESPECIALLY ON LIGHT WEIGHT ROOFS, bonded frameless modules show their greatest benefits.
The bonding technology allows the construction of simplified BAPV systems for diverse roof
constructions. It enables the usage of roofs as an energy provider with the most limited material
consumption. Thanks to its simplicity, the limited material usage and material handling, it facilitates
a faster and more cost effective way of roof installation by even increasing the aesthetical appeal.

Best recommended Sika products

Sikasil® SG-20 Structural one-part silicone adhesive

Sikasil® AS-70 One-part high performance structural silicone
adhesive

SYSTEM BENEFITS

m Reduces system costs thanks to material and time savings
m Eliminates heavy mounting constructions on roofs

m Shortens installation times on existing roofs

m Allows installations on light weight roofs

= Minimized material handling

m Facilitates self cleaning of modules by frameless systems
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DG500 (60 HZ) STANDARD EQUIPMENT
EXHAUST

Dry exhaust manifolds, insulated and shielded

FUEL SYSTEM

Gas train with Zero Pressure regulator

ECU controlled shutdown solenoid

Airfuel Ratio Control, Venturi type Air-Gas mixer, throttle controlled valve

CONTROLS

EMCP 4.28B

Integrated Voltage Regulator (IVR)
TELEMATICS

PL444 Product link 4G LTE Telematics
GENERATOR

Anti-condensation space heater
SRS

GOVERNING

Electronic Governing
STARTING/CHARGING

24V starting motors

GENERAL

Paint - Caterpillar Yellow except rails are gloss black
Operation and maintenance manuals
Parts book

DG500 (60 HZ) OPTIONAL EQUIPMENT
AIRINLER

Air inlet adapters
COOLING

Inlet/Outlet connections
EXHAUST

Flexible fitting

Elbow, Flange

Muffler and spark-arresting muffler with companion flanges
Exhaust expander

TELEMATICS

PLG 601 & 641 Product link Telematics
GENERATOR

Permanent Mangnet Excitation
Low voltage extension box

Generator air filter
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i EMAIL:

Eéj,?m 3 Tell: - Sudan,Khartoum

No
202220
Rev

Date OCT 19t, 2022
Annex



MODERN HOME 2z

ENG I N EERI NG E:\t/e OCT 19%, 2022

Annex

LINZ

W L

FABBRI |

moDuUL/A MoDuULMA e ‘ metal aTR’“DE
INDUSTRY = CASE SYSTEM

MOULDING OF PLASTIC MATERIALS ROOF BOXES, BIXKE CARRIERS ;’i) BIKE CARRIERS, ROOF BOXES, . METAL INDUSTRIAL : INTERNADOMNAL BUSINESS

AND DESIGN SOWUTIONS AUTOMOTIVE SOLUNIONS AUTOMOTIVE SOLUTIONS COATING AND SANDSIASTING MANAGEMENT AND
— e SERVICE SOUUTIONS
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Services
PROJECT MANAGEMENT:

® Procurement

o

MODERN HOME
ENGINEERING

® Project Scheduling

COMPANY PROFILE
® Project Management

® Project Cost Estimating
® Business Case Development

® Feasibility and Strategic
Studies MECHANICAL | PIPING
ENGINEERING

® Auxiliary Steam

. 9 SUDAN — KHARTOUM
® Pump Barge Design
& +249112777715

® —

® Pipe Stress Analysis

® Finite Element Analysis (FEA)

® Process Plant | Equipment
Layouts

® Power and Process System Design

® Pipe and Pumping System Analysis

® Detail Mechanical and Piping Design

e Computational Fluid Dynamics (CFD)

® Thermal Power Generation System Design

e Water Hammer and Fluid Transient Analysis

October 22, 2022
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® ASME Pressure Part

® Pressure Piping Design
Water Balances

® Opportunity Studies

® Process Calculations

® Emissions
Calculations

® Energy Audits and
Studies

e Steam and Power
Balances

® Pump & Slurry
System Calculations
ELECTRICAL
ENGINEERING:

® Layouts + Module
Design

® Area Classification

® Power System
Studies

e Electrical

Buildings Design
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