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China

United States
India

Russian Federation
Japan

Germany

Iran, Islamic Republic of
Korea, Republic of
Canada

Saudi Arabia
Indonesia

Brazil

Mexico

I 10,641,789.0

2015

5,¥72.337.7
2,454,968.1
1,760,895.3
1,252,889.9
777,905.5
633,749.6
617,284.9
555,400.9
505,565.1
502,961.3
486,229.1
472,017.8

2014
10,711,036.8
5,312,226.3
2,334,380.8
1,822,210.4
1,281,568.7
773,020.2
625,020.9
611,741.3
572,262.1
486,766.8
483,632.6
505,394.6
480,692.4

2013
10,503,137.0
5,255,530.2
2,191,277.0
1,824,578.6
1,312,749.6
815,811.8
600,055.2
611,531.2
568,364.4
459,502.2
452,744.5
485,619.9
486,431.6

2012
10,056,756.0
5,164,192.2
2,090,857.4
1,833,975.8
1,293,510.6
801,677.1
591,310.3
614,771.4
556,797.2
455,673.2
443,625.1
457,077.0
481,703.0

2011
9,844,525.0
5,391,417.2
1,961,663.3
1,820,097.6
1,258,288.7

793,891.1
578,502.1
617,611.9
551,260.8
438,212.7
433,102.9
442,313.3
460,510.8

2010
8,986,614.4
5,519,483.8
1,848,709.9
1,735,583.4
1,219,094.5

811,860.6
568,920.0
600,870.5
545,087.9
420,058.2
423,416.2
423,797.6
445,291.1
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e PEMEFC: Proton Exchange Membrane Fuel Cell
e MCFC: Molten Carbonate Fuel Cell

e PAFC: Phosphoric Acid Fuel Cell

e SOFC: Solid Oxide Fuel Cell

e AFC: Alkaline Fuel Cell
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Abstract

Environmental degradation is a major threat to the world today. Pollutants from power
plants and combustion devices and toxic gases arising from various chemicals, including
refrigerants, are believed to be the causes of the global warming potential and ozone
depletion potential. Two strategies can be implemented to reduce the dependence on fossil
fuels. The first strategy is based on reducing energy consumption and increasing energy
efficiency in industrial and domestic fields which combined cooling heating and power
(CCHP) systems provide that, and the second one is to increase the contribution of
renewable energy resources to global energy consumption.

A novel arrangement of a polygeneration system, integrating a CCHP system and a
hydrogen production unit is introduced and analyzed in this paper. The polygeneration
system consists of a gas turbine as the prime mover, a high pressure steam production
unit, a hydrogen production unit, and an absorption refrigeration chiller. The simulation
and performance analysis of the proposed system is done with Aspen Plus software.
Moreover, energy and economic analysis are investigated for the system. Also an
optimization is done by maximizing the economical profit function. Selecting and Setting
up the productions due to the needs, using the energy of initial fuel as maximum as
possible, avoiding energy and funding profusion and developing the efficiency by using
heat exchangers and the ability of deployment of various equipment, ordering and
methods are some of the highlights of the system.

The results illustrate that the energy efficiency of the polygeneration system is 55.28%
which shows an increment of 75.82% than the single gas turbine power plant where the
profit of the system is 79 million dollars per year. Also, the economic evaluation shows
a payback period of less than one year. Additionally, the effects of the operating
parameters like ammonia mass fraction of the absorption chiller and the steam to methane
ratio of the hydrogen production cycle on performance of the polygeneration system is
studied. The results show that increasing the ammonia mass fraction leads to the
increment of cooling capacity and consequently the total efficiency of the system. It is
also concluded that produced hydrogen mass flow rate has a direct relationship with steam

to methane ratio.

Keywords: energy, CCHP, efficiency
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