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ABSTRACT 
 

This paper investigates the simultaneous production of electricity and heating systems in residential homes. 
The production systems studied are gas generators, fuel cells and micro turbines. To select the appropriate 
production system for a house, very important considerations must be taken into account. This paper use two 
basic criteria, including the heating rate to power and the rate of energy saving. Therefore at first, the 
simultaneous production systems and their role in the demand side management has been studied. Then, it is 
discussed a practical case, and is described the issues. Finally, the complete evaluation and selection of efficient 
production systems for homes has been proposed that gives good recommendations. 
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Introduction 
 

In general, the urgency of energy management is issued from productivity of production factors due to 
resource constraints. Energy management can lead to efficient use of natural resources, saving in energy 
consumption, reduction in energy losses, dealing with environmental pollution, reduction in energy costs and 
increasing the security of supplement. Demand Side Management (DSM) is one of the Strategies for energy 
management (nazar mehrdad, setayesh, 2005). 

DSM has direct relation with the response of customer to the power price that he/she buys. Fundamentally 
changing the methods of energy using is to response efficiency to the factors of electricity markets. This leads to 
the Demand Respond for using with high prices (Daniel Violette, 2006).  

Demand side management systems can be analyzed in two parts: energy efficiency and demand respond. In 
order to improve efficiency and reduce equipment purchase costs of energy demand side management systems 
were created. The general tasks of these systems: Increasing the efficiency of household appliances of small 
industries, heat pumps, ventilation systems, building efficiency, process improvement, economizer, network 
behavior improvement, power consumer factor improvement. With this regard, the use of both electricity and 
heat production systems or CHP (Combined Heat & Power) has an important role in demand side management 
and load management in commercial buildings, residential homes, hospitals, hotels, public places, and small 
industries.  

Now in many parts of the world's production systems are used simultaneously. Figure 1 shows diagram of 
the production systems used in some countries that can produce both electricity and heat according to the 
proportion of the total production. (International Energy Agency, 2008) 

 

 
 
Fig. 1: The simultaneous production of electricity and heating systems in some countries according to the  
             proportion of the total production (International Energy Agency, 2008) 
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The general definition, simultaneous production of electricity and heating energy is a savings methods in 
which electricity and heat are produced simultaneously. Resulting heat can be used for heating or industrial 
process.  

CHP can be based on fossil-based technologies, distributed generation such as gas turbines, steam turbines, 
gas combustion and diesel engines, fuel cells and the primary energy source can be based on a wide range of 
fossil fuels, biomass, geothermal or solar energy. Local heating includes a system in which heat is produced 
centrally and consumed. It uses a distributed network that uses hot water or steam as the carrier of thermal 
energy. On the other hand, using an absorption chiller cold can produce by some of recycled heat. These types 
of systems are called simultaneous three energy production systems or production systems electricity, heat and 
cold.  

For compensating necessary heat of heat loads, the auxiliary boiler can be used and also a heat storage 
resource can be used when the heating load is less than heat output. The average conventional power production 
is about only 35% efficiency and about 65% capacity of energy is wasted in heat shape. Simultaneous 
production can reduce these losses in the industrial, commercial and residential heating and cooling 
significantly. By exploiting the generated heat, the efficiency can be reached 80 to 90% or even more.  

Generally, the advantages of simultaneous production systems can be summarized as follows:  
 Promotion of energy efficiency  
 Providing reliable and flexible heating  
 Reduction of environmental contaminants  
 less consumption of energy rather  than conventional systems and saving the energy costs  
 More efficient using of space in buildings  
 Lower maintenance costs  

 
Simultaneous production systems can be used in small sizes that are called MicroCHP. These systems can 

produce electricity and heat less than 50 kW simultaneously for residential homes and apartments, commercial 
and residential buildings and small industries (Micro CHP Factsheet, 2005).  

According to importance of simultaneous production system in residential homes this paper optimizes 
evaluation and selection of in building as practical case generally. In general, the types of distributed generation 
technologies such as gas turbines, gas and diesel generators, fuel cells is used for the production systems in 
buildings, but the question is what technology is appropriate for building according to environmental conditions. 
The main goal of this paper is to provide a good way to answer this question.  
 
Expression and of the samples: 

 
For evaluation and optimize selection of simultaneous production systems for homes and buildings, there 

are many parameter. Some of the most important parameters for CHP selection are the location and weather 
conditions that the building is located. Obviously, geographic location and weather conditions effect on the 
production system efficiency and consumption amount of building (Energy Resources Center, 2003), power and 
heat consumption of buildings during the year are the most important criteria for evaluation and selection of 
simultaneous production systems. (Northeast Application Center, 2005)  

In this study, the thermal load (including heating, cooling and hot water) and also in the demand power is 
considered in a house in one year.  

We select a building in Shahrak Gharb (located in the Zone 2 of municipality of Tehran). Shahrak Gharb 
location is approximately 51 degrees and 21 minutes east and 35 degrees 46 minutes north. The average height 
of land settlements from sea level is about 1535 meters; average annual rainfall is about 405 Millimeter. Mean 
annual of air humidity is 45%. Prevailing wind is west (270 degrees) and average wind speed is 5.5 meter per 
second. The average temperature is about 25 degrees.  

 

 
Fig. 2: the electrical consumption of the building during 6 periods of 2 months per kilowatt 
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Figure 2 shows the heat consumption of the building during 6 periods of 2 months per kilowatt. 
According to the electrical and thermal loads curves, we can determine can heating rate to power for a year. 
According to the relationship between the heating rate to the electrical power and the rate of energy savings for 
production unit, we select optimal options for building In general, the heating rate to the electrical power can be 
obtained by Eq. 1. (http://www.cogen.org/projects/educogen.htm)  
 

: ( ) / ( )H P Heat KW ElectricPower KW             (1) 

 
This ratio represents the amount of heat to electric power in a building. Savings rate of CHP in compare of 

the common engine room have been considered as the percentage of energy savings that is obtained by Eq. (2) is 
calculated. When heat to electric power rate is the side of smaller or equal to consumption of the heating rate, 
we can use Eq. 3 to calculate the energy savings rate. Also if heat to electric power rate is the side of greater 
consumption of heat to electric power rate of CHP system we can use Eq. 4 to calculate the energy savings rate  
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(Yingjun RUAN, et al., 2008)  
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(Yingjun RUAN, et al., 2008) 
 
- Energy saving rate of CHP  
- Total input primary energy to the conventional system (MJ) 
- Total input primary energy into CHP (MJ) 
- The electrical load demand (MJ):  
- Electrical efficiency by conventional systems:  
- Heat efficiency by conventional systems:  
- Rate of heat to the demand side:  
- Electrical efficiency of the production system:  
- The thermal efficiency of CHP  
 
Accordingly, the heat rate to power curve and the rate of energy savings is drown for some of technologies 

of CHP. This research study technologies of gas generator, polymer electrolyte fuel cell (PEFC), solid oxide fuel 
cell (SOFC) and gas turbines. In reference (Ian Knight, Ismet Ugursal, 2005) and (Hirohisa A ki, Member, 
IEEE, 2007), fuel cell systems and gas generators have been perfect surveyed. It must be noted the cost of 
installing this technology in the domestic scale is in a certain range, but the price of gas turbines is somewhat 
more expensive than other technologies. In this example, it is carried out the technical and economical 
evaluation, (energy savings by each of the technologies), assessment of system efficiency and emission levels 
for each of them. 
 
Evaluation and selection of the optimal production system: 
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According to Figures 3 and load information we can again the rate of heat to electrical power for the 
building based on the availability percent of this rate in one year. Curve is plotted in Figure 7. This curve is 
important for obtaining the annual average of heat rate for building  

 

 
 
Fig. 3: Rate of heat to electric power for the building according to percent availability. 

 
Now by considering curves of heat rate to the power and by attention to the efficiency of technology which 

are shown in Table 1, and also with by Eq. (3) and (4), we can gain the energy savings rate curve based on the 
heat rate to power for building for various CHP technologies. This is shown in Figure 3.  

As mentioned already implicitly, this measure has an economic concept essentially, because the savings in 
heating and electrical energy consumption and increasing efficiency can reduce costs of the consumer (Energy 
Resources Center, 2003)  
 
Table 1: The efficiency of CHP (Ian Knight, Ismet Ugursal, 2005) 

CHP Technology Equipment Efficiency 
Gas Generator Electricity generation 0.34 

Thermal recovery 0.44 
Gas turbine Electricity generation 0.3 

Thermal recovery 0.45 
SOFC Electricity generation 0.4 

Thermal recovery 0.4 
PEFC Electricity generation 0.34 

Thermal recovery 0.49 

 
In general, the energy efficiency criterion is one of the most important parameters in the CHP selection. 

This measure obtain by sum of total supplied electricity of CHP systems and common electrification system and 
supplied thermal of CHP system and thermal energy produced by the boiler divided by the total input energy in 
non-CHP system (equation 5). The calculated values of the criterion for CHP technology has been presented in 
Figure 3.  

 

 

 
Fig. 4: Primary energy efficiency of different production CHP technologies (%) 

 
Figure 4 indicates that thermal energy produced by CHP cannot be used entirely. Also distributed 

generation technologies utilized CHP have less than the electrical efficiency than conventional systems. On the 
other hand, the efficiency of fuel cells particularly solid oxide fuel cells is more than other technologies  
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(http://www.cogen.org/projects/educogen.htm 2001) 
- The efficiency of primary energy:  
- Electrical energy supplied by CHP (MJ):  
- Electrical energy supplied by the network (MJ):  
- Thermal energy supplied by CHP (MJ):  
- Thermal energy supplied by auxiliary’s gas boiler:  

 
By considering a constant value for the heat rate to power in the whole of year for the house, we can 

calculate energy saving rate in a constant rate produced for CHP systems and in result make a comparison 
between technologies. By considering a constant the heat rate to power 3.015. 

 

 
 
Fig. 5: Rate of energy saving technologies for CHPs separately in terms of heat rates. 

 

 
 
Fig. 6: Values of energy-saving rate by considering a constant thermal rate for the houses. 

 
Figures 5 and 6 show the rates energy saving amount for gas generators, gas turbines and fuel cells 

Therefore, the gas turbine has the highest rate of energy savings and then the gas generator has the highest rate. 
This rate for the gas generator and SOFC fuel cell is approximately similar. On the other hand, using SOFC fuel 
cell is better, because it has lower energy saving.  ازOn the other hand it must be noted, in this example, the 
constant heat rate to power is 3.015, but this value may be change in other buildings based on usage patterns of 
electricity and heat as well as geography and climate. Also figure … show heat rate to power 1.68 has the 
maximum energy savings that this value change according changing location of buildings and climate.  

CHP can considerably reduce mission of atmospheric pollutants including carbon dioxide. (Micro-CHP 
2007) For measuring the environmental impact of CHP, we can use mission reduction rate of CO 2. This 
measure is calculated as follows: 
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(Yingjun RUAN, et al., 2008)  
 

- The mission reduction rate of CO 2 for CHP 
2

CHP
CO  

- CO 2 emission in the existing system (Kg) 2
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Figure 3-6 shows the mission reduction rate of CO 2 for any of CHP systems.  
 

 
 

Fig. 7: the mission reduction rate of CO 2 for three CHP technologies. 
 
As Figure 7 shows fuel cell has the highest reduction rate of carbon dioxide. Gas turbines and gas 

generators also have appropriate reduction percentage. By considering the energy saving rate, the rate of energy 
efficiency and the mission reduction rate of CO2, we can choose the appropriate technology for CHP system. 
According to the importance of these three factors for consumer, they can be weighed. On the other hand, we 
can weigh the investment of these technologies, use a combined weighed method, but since the investment of 
these technologies is low and approximately similar for these technologies, this study doesn’t consider it.  

If the rate of energy savings will give more weight than the other parameters, for this example, using gas 
turbines would be more efficient than other technologies. On the other hand, if the considered parameters will be 
the price of furnishing and installing the system, using gas generator would be more saving than gas turbine 
(because the price of gas turbine is about 1.2 times the price of gas generator in the same power). In this case, 
using the SOFC fuel cells will be saving, but the priority of using is CHP system with the gas generator.  
 
Conclusion: 

 
This article survey the evaluation and selection an optimal CHP for a residential home, and by considering 

measures such as the energy saving rate and the mission reduction rate of CO2, for CHP technology and also 
according to the important parameters for the consumer, this research describe how to select appropriate 
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technology. Accordingly, the use of gas turbines and gas generators are appropriate choices too. In addition, the 
existing of natural gas resources in Iran can also expand using of this technology. 

Generally, systems with high energy efficiency and low heat rate to power will have higher rates of energy 
savings. It is important to note that based on location and climate, heat to power rate and save energy rate curves 
will change, so that it is necessary to are plotted these curves for any location in the country by considering 
climate conditions and the amount of rainfall. Therefore, it may be possible for other regional; the other type of 
CHP be cost saving. Therefore, we suggest for selection of optimal small size CHP for each region, the above 
curves are plotted for the region and then based on curves, appropriate small size CHP should be chosen.  

Different buildings have different heat to power rate. Using of CHP for some places such as hotels, 
hospitals, apartment buildings, and towers is more suitable than residual houses. In further research the proposed 
model in this paper can be developed for other places such as public location. Obviously by selection the 
optimal CHPs system in each place, we have an appropriate energy saving. 
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