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Abstract  

Efficiency of a ground source heat pump with thermal capacity of 6 kW determined in two different 

locations in Sweden. In the north side with low average temperature which could go down to -10 ᵒC 

and in the south side, with low average temperature with +2 ᵒC. The heat pump has refrigerant 

R407c, which could be connected to both, ground source heat feeding methods the horizontal, and 

the vertical model. The heat pump give heat for both space heating and domestic hot water 

compared the micro CHP which has thermal capacity of 12.5 kW and electrical capacity of 4.4 kW. It 

has IC engine which means the engine has internal combustion work. It also works with two kinds of 

fuel, natural gas and propane MOZ 92; the energy and exergy of the fuel in micro CHP feeding the 

thermal process by heat. That heat used for space heating and domestic hot water after going out 

the process for the cooling which keep the heat in storage tank and it heat the liquid to the gas to be 

used in the turbine to produce the electricity. The two locations in the north and south of Sweden 

will influence the thermal operation and that influence power used for compressor for heat pump 

and somehow the pump in the micro CHP. The study shows that the different in exergy and energy 

efficiency between these two heat technologies by located them in the locations. Higher efficiency 

of the micro CHP which give the advantage of use Micro CHP some technology give the benefit by 

using the fuel for producing the heating and electricity , the benefit which give the customer many 

benefit shows in the study. That’s comparing with the heat pump which is large use in Sweden. In 

this paper will introduce Micro CHP as heating technology which has been used in the rest of Europe 

could be used in Sweden for future heating technology with electricity producing, shall change the 

costumer from energy consumption costumer to producing costumer.  
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Nomenclature 

 ̇ Mass Flow Rate  

  Energy Flow Rate 

  ̇ Exergy Flow Rate 

          Exergy inter the condenser 

           Exergy out the condenser 

  ̇     Exergy Destruction Flow Rate 

  Specific Entropy 

  Specific Enthalpy 

   Specific Enthalpy Reference State 

   Specific Entropy Reference State 

  Temperature 

   Temperature Reference State  

   Pressure Reference State 

    Work done on the System 

  Heat Flow Rate 

   Heat out the process 

    Heat done on the process 

COP Coefficient of Performance 

      Energy Coefficient of Performance 

      Exergy Coefficient of Performance 

   Fuel Energy input rate 

      Fuel Exergy input rate 
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Introduction  

 

     The whole world has a serious problem in both energy resources and environmental as, the 

courteously use of fossil fuel which flowing by freeing of the greenhouse gasses has a huge impact 

on the world climate in our present and our future. The industrial section is not the only part who 

releases that much of the emission to the air, but also the irresponsible usage of it by the human 

race. Some of the human race’s irresponsible pollution come with using wrong fuel for heating or 

cooling, use of transportation, and some other usage that’s part of life cycle. Air pollution, acid rain, 

and the depletion of the ozone layer, are other environmental consecration that should be avoided 

because of its impact on the changing of our climate. Therefore, this should make us more 

considerate when it comes to the type of energy we use and the way we use it. Although, reducing 

the use of fossil fuel, using fuel with less carbon emission, and reprocessing energy waste, Could 

keep us on the right way throughout our battle against global warming which would affect all 

humanity. The production of electricity, which uses non-sustainable energy as a fuel like new clear 

power , has a lot of heat and that is considered as a wasted heat. The wasted heat producing from 

electricity production and the heat from the industrial operation, despite the fact that it has energy 

content, it has not been used and therefore considered waste. In this case, using this waste energy 

by recycling it in a different way, could help to reduce the usage fossil fuel on the first place and 

instead, using the waste heat which is produced from the industrial operation which keeps the 

energy usage down. By using new technologies with high efficiency, we could reduce the amount of 

fuel to get energy for consumption as using small scale cogeneration for heating and producing 

electricity as well instead of using boilers for producing heat only. This makes this a great example 

for recycling the waste heat. Therefore, using the solar energy stock underground in heating as 

ground source ranking cycle using in heating section, could help reducing the electricity used for 

normal heat pump and allow us to treat our environment on earth kindly . 

 

Aim 

 

The purpose of this study is comparing efficiency of two heating technologies, heat pump and micro 

CHP, heat pump is already in large use in Sweden and micro CHP which used in Europe and USA. 

 

Swedish Climate  
 

Sweden located at the west wind area with south easterly or westerly wind along the west 

wind area, the low pressure separate the hot and cold air. according to the Köppen climate the 

southern Sweden’s coastal  part of the Sweden belong to warm temperature zone , with 

deciduous forest dominant natural habitat ,however ,most of the country have  a cold-

temperature with heavy snowfall winter. In the north-western mountain chain of Sweden the 

flora and fauna is rare because of the extreme cold temperature only small bushes and shrubs 
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are found on the top regions of mountain. The tree line can only be located at nearly 600 m 

attitude in the northwest of the mountain chain and 900 m attitude in the southwest 

mountains. [1]  

According to the Köppen system the earth divided into five main climate types ; tropical ,arid 

,warm temperature ,cold temperature and polar climate (köppen climate classification based 

on taking monthly average of temperature and precipitation ,the classification provided to 

area’s natural vegetation. [2] 

 

Figure 1 Dividing the earth climate according to Köppen system (SMIH) 2015 

 (The half of the energy using in Sweden is used for heating according to long cold weather 

which it could be able to be more than one third of the year is need to use house heating and 

hot water for the small houses spend . the climate in Sweden country it can be divided into 

three sector for its northern latitude , the north sector has a subarctic climate  the southern 

oceanic climate  and the centre sector which has a  humid continental climate . the different in 

temperature in each sector is vary greatly at the winter the average low temperature in the 

southern sector is between -4 to 2 ᵒC and at the northern sector the temperature often drop 

upon  -30 ᵒC  sometimes even lower . The Swedish weather is influence by the Gulf stream 

which is gave the Sweden the most mild weather of the region of the world countries up north 

, the winter in Sweden start on the October on the north and at the December on the southern 

of the country , the darkness nights continuous with two month in the north sector that the sun 

never rise at that time. July temperature in Sweden has average temperature 13-12 ᵒC the 

north part of Sweden has the daylight without sunned during the summer and temperature 

average above 10 ᵒC average , the southern part has continuously increasing in the daylight 

up to 19 hours at the midsummer with the warmest month temperature 22ᵒC over average and 

the rest of the summer above 10ᵒC.  addition to cooler weather all over the year even in the 
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summer , the northern sector has even shorter cooler summer and longer colder winter. 

[3][4][5]  

 

Figure 2 Average different temperature in middle of Sweden along the year(SMIH)2015 

 

 

 

 

Heating in Sweden  

     We live in a community thriving for energy consumption. The need for energy could be 

for any purpose such as heating homes, electricity, cooling the rooms and for many industrial 

and domestic purposes. The Swedish energy used to divide into three main areas; industrial, 

transportation, and residential and service centre. The energy use for the industrial are biofuel 

and electricity while for the transportation, they use petrol, diesel and variation of fuel. 

Lastly, for housing and service they mainly use district heating, electricity, fuel and biofuel. 

[7]   

The energy used in Sweden was about 500-600 TWH in 2013. One third of energy using is 

coming from nuclear fuel and it is used in electricity. While the rest is accounted for by 

diversion losses the using of nuclear fuel has been increase from 1970 all the way to 1980’s 

then it has been relative on the almost constant level. The second large fuel use for energy is 

fossil fuel. It is measured in about 30 percentage of the energy using, coming from fossil fuel 

and used as diesel, natural gas, coke and coal. While the rest is considered as a conversion 

losses and used for non-energy purposes. The third source for the energy is bio mass it has 

been increasing in the amount of using in the last 40 years and has been used in the country 

for different purposes in the energy sector and outside of the energy sector. In addition to 
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transportation and heating, the biggest market for biofuel in Sweden is district heating and 

industry use. The hydropower and wind energy produce rapidly 61 TWH and 10 TWH of 

electricity. The energy that was generated from wind power has been increasing significantly 

in the last years. On the other hand the hydropower has been stable at the same range of the 

production since 1980’s .[7] [8]  

 

Figure 3 total energy used ,by final energy losses etc.1971-2013 TWh (Sweden Energy Agency ,published 2015) 

 

     Half of the energy using in Sweden is used for heating due to the long cold weather 

which it could last for more than one third of the year. That could mean that 

houses/apartments/work buildings would need heating and hot water for all that time period 

which could result in extensive use of energy. That been said, it has been accounted that the 

use of energy in heating and hot water in winter season is 88 TWH which means that the 

spending was around 55% of the total energy use in the sector. The use of the household is 

divided into single family house and multiple family house. The single family house use 

about 41% of the energy used in heating. While the multiple family house uses 31% ,and the 

rest of 28% used for  the non-residential building . [7] 
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Figure 4 Energy use for heating and hot water in dwelling and non-residential premises in 2013 ,TWh (Swedish 

Energy Agency ,2015) 

 

 

 

 

 

 

Mostly heat technical used in Sweden 

     The heating and electricity marketing are leading the energy market in Sweden. The 

demand is mainly for the space heating and hot water. The most command heating market 

technology in Sweden is district heating which accounted for more than 50% of the market as 

it was determined as a useful energy. In addition to that, the second large heating 

technologies are heat pumps and electric heating, which together, represent, more than 30% 

of the heat producing and biofuel boilers that have approximately 10% of the market . [7] 

District heating  

     District heating is the most common energy used for space heating and hot water in 

Sweden and it has been used in Sweden since 1950. The heating produced by district heating 

is now steadily increasing, thanks to the development of technology, which is more efficient 
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system that is used in district heating that is distributing and decreasing the conversion losses 

over the years. [7][8] 

 

Figure 5 show the use of district heating between the years of 1971-2013(Swedish energy agency) 2015 

 

Technical background of district heating  

     District heating is meant to distribute the heat, which is generated by the centralized plant 

and supplied to the costumers by efficient pipe lines with low losses at a certain required 

temperature where the load centres can be one-two dwelling building, multi dwelling 

building, and non-residential building, utilizing the heat for space heat and domestic hot 

water use. [10],[11] 

Several different fuels have been used for district heating since the 1970s as fossil fuel, 

electrical boiler, biomass, heat pumps, natural gas and coal. The classified of district heating 

depends on which of these fuel is used for it, so the increasing usage of renewable energy 

source in Sweden has been mentioned since the 1970s until 2013. In addition to that, the 

decreasing of using the fossil fuel in district heating as a source has been clearly the goal for 

the district heating apartment and the whole energy used in Sweden. [7],[10] 
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Figure 6shows the energy use for district heating production 1970-2013,TWh (Swedish energy agency) 2015. 

 

Electric heating  

     The two most important energy carries in Swedish heating market are electricity and 

district heating. A large amount of electricity energy used in one-two dwelling building  

which almost is not connected to the district heating for heating purposes, and about 25% of 

all detached houses use electricity for heating by direct using or by heat pumps .The total 

consumption for electricity using for space heating and hot water is 15 TWH recorded in 

2013.[7],[13] 

 

Figure electrical boiler  depends on the size of the use . (Olsson) 2002 

 

In most of the cases the heat pumps are included in the electricity base, even though it should 

be kept in separate heating technology and that what be explained deeply at the end of this 

chapter.  

Biofuel boilers  

     The use of biofuel in Sweden has been found since many years ago and it has increased 

overtime. The most widely used  form of biofuel in Sweden is in the form of the wooden 

pellets and firewood, as it has several advantage as a low cost heating resource, easily 

available, and more eco-friendly than using fossil fuel.  

Pellets are considered as a biofuel and have been increasingly used in Sweden for small 

house heating, residential, non-residential building, and in small district heating network. The 



15 
 

pellets have more advantage in usage than firewood as a relevantly high energy density, 

consistent quality and easy to handle, transport, and store. The Pellets are consisting of dry 

fine wall material usually wood powder pressed into small cylinder with 6-8 mm in diameter. 

The wood Pellets production in Sweden began in the 1980s with the production of 45,000 

tonnes and grew quickly in number until it reached 700,000 tonnes in the 2000s, but Sweden 

still have the capacity of 1.5 million tonnes of wood pellets which can be used for heating 

purposes to cover over 300,000 house but it still has the large use of wood pellets in large-

scale heating plants. [14][15] 

 

Figure 7 pellets (Andersson) 2012 

 

 

Technical background of Pellets and firewood 

     Pellets are burn either in Pellets burners, Pellets boilers or Pellets stoves. These 

technologies of using Pellets in heating can be defined as; [16] 

Pellet burner 

     The simplest and lowest cost option to burn the pellets for heating by using and old 

oil boiler which can be already installed in the house and change the oil feed fuel to 

pellets, and then connect the boiler to the radiator system in order to distribute the 

heating to whole house. [16] 

 

Figure 8 Example of pellets burner (karlsson, F., Kovac,P., Gustavsson, L., Persson, H., Stignor, C.H.) 2013 
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Pellet boiler 

     The pellets boiler is made and designed especially for pellets burner, which means 

the burner and boiler have the properties which can give the correct power level by 

burnings the pellets. 

     There several differences between the two technologies, the old pellets burner 

which converted from the oil boiler, and the new pellets boiler. The size of the pellets 

boiler is less than the pellets burner and the oiler which converted from oil boiler, the 

advanced feature control system and it has the property to make the operation with 

lower air excess as well as lower flue gas temperature. While the boiler has an ash 

removal which can be an automatic cleaning for the boiler heat transfer surface. All 

that work is to increase the efficiency of the boiler than the converted one. [16] 

 

Figure 9Example of pellets boiler (karlsson, F., Kovac,P., Gustavsson, L., Persson, H., Stignor, C.H.) 2013 

 

Pellet stove. 

Pellets stove is the oldest technology used to burn pellets in the heat marketing since 

the 1980s when it was imported from the United States of America at the end of 

1980s which it was alternative heating technology at that time.[16] 

 

Figure 10Example of pellets stove (karlsson, F., Kovac,P., Gustavsson, L., Persson, H., Stignor, C.H.) 2013 
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     The pellets stove automatically feeds the pellets to the burner from the small 

storage which can be filled in with the range of 3 days depends on the heat demand, 

with the help of built in fan which is used to transfer the heat to the air room or to 

separate air room for better advantage for heat transfer. In some designs they use 

water in state of air to heat transfer and then they connect it to radiator system which 

obviously facilities heat dispersion.  [16] 

 Depending upon the heat requirement and the amount of pellets availability and also 

depending upon the economy of usability any one of the above technology is used. The above 

technologies are used to extract the energy available in the pellets to use it for either space 

heating or for domestic hot water use.[16] 

 

Firewood boilers  

    The first firewood boiler has been used in Sweden since the 1930s for the major purpose of 

cocking. After that, the people during the 1940s used the steam firewood boiler, then during 

the 1950s started using the self-feed boilers which could be compared with the boilers in 

nowadays. 

     The burning of firewood has two main technologies. The first one is wood fuel 

combustion where the wood burns with good air supply. It has a good advantage of carbon 

dioxide emission but requires more active fuel because it should feed several times daily 

depends on the house demand. The second technology is strangled which has long fire wood 

feed then burning it slowly, but with more emission and less work.  

     The efficiency of the firewood boilers depends on the design of the boiler. If it an old 

boiler, the efficiency would be around 50%, while a new boiler with revers combustion, 

ceramic cladding, and fan control would rise the efficiency up to 80%.  

     In the firewood boiler, the storage tank is the most important and easier environmental 

part, it stores the firewood and feeds it according to the household need.  

    The environmental impact of the firewood boiler varies depends on the firewood four type; 

 The new firewood: the new boilers with storage tank   

 Firewood without storage-high: the boiler without storage tank and has high emission. 

 The firewood without storage-low: the boiler without storage tank has low emission. 

[17],[18] 
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.  

Figure 11 The old firewood boiler with storage tank (Nibe) 2016 

Heat pumps 
     Heat pump is a process cycle which move heat energy from a source to a 

destination though heat pumps designed to transfer thermal energy against the 

spontaneous direction of heat flow, and cold reverse to hot ones by using external 

work. The thermal energy which is produced by the heat pumps can be used to heat 

water for either domestic hot water or space heating, the use of heat pump for heating 

and cooling. 

     The theoretically conception of heat pump was explained in the neglected book for 

a young French army officer Sadi Carnot, but the principle of the heat pump was 

introduced by Lord Kelvin in the 1900s, although he did not have the resources to 

construct one. During the 1970s the heat pump was introduced to be the most efficient 

heating device with more advantage of being combustion free and zero emission 

device. Heating and cooling occupy a significant portion of global energy 

consumption,  and heat pump became widely use due to their high efficiency.  
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Figure 12 Heat pump (Energy Alaska) 2012 

 

     The refrigerant is the fluid used in the heat pump cycle, its unique evaporating and 

condensing properties allow the mechanical device to operate its properties to achieve 

the desired result. compressor increase the pressure of the refrigerant to rise up the 

temperature to the required temperature before it releases it as the temperature desired 

to the surrounding, and then releasing the pressure at the area where the pressure 

being absorbed from. The principle of the heat pump is explained by the properties of 

the refrigerant physical state. When it is in the form of gas, it is subjected to the 

intense pressure and circulated through the compressor. The compressor escalates the 

pressure of the gas and though increases its temperature controlled volume and the 

gas then passes to the heat exchanger delivering the heat and transferring to the liquid 

by the condenser. The liquid should be expanded by passing through the expansion 

valve, with low pressure and relative low temperature, the liquid passing through the 

second heat exchanger to absorb the heat from the surrounding and evaporator and 

pass through the compressor again as the first loop. The refrigerant must reach the 

adequate high temperature when it’s compressed to release the heat through the 

condenser. And reach the adequate low temperature expanding; otherwise heat cannot 

flow from cold region into the fluid in the cold evaporator. As a result, the gap 

between the pressures must be big enough to allow the fluid to condense at the hot 

side and evaporate in the cold side. The pressure difference is related to the 

temperature difference and the higher pressure is needed, the more energy needed to 

comperes the refrigerant, which explains the decrease of the COP at increasing of 

temperature difference. [20],[21],[25] 

 

 

Different type of heat pump depends on the heat source: 

Air heat pump  

The air source heat pump absorb the temperature from air to the refrigerant and then 

pass through the compressor where the temperature is increase and transfer to the heat 

and hot water circuit at the house, then the refrigerant pass through the expansion 

valve then do the second loop again as the first one.  
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Figure 13Air/air heat pump (Energy Alaska) 2012  

     The air source hat pump divided into two type Air/Air heat pump and Air/Water 

heat pump. The difference between these two air source technologies is that, air/air 

heat pump collects heat from the outside air then uses the refrigeration cycle to 

increases the temperature and transfer the heat to fan coil unit within the buildings, 

while the air/water heat pump, beside collecting the heat from the outside air source, 

increases the temperature by transfer the refrigeration cycle to a heat pump boiler and 

transfer the heat to water which is then circulated in the heat radiators. 

 

Figure 14Air/Air heat pump (Energy Alaska) 2012 

 

            Figure 15 Air/Water heat pump (Energy Alaska) 2012 

Water heat pump  

     Water source heat pump works at the same principle as the air heat pump but 

instead, they take the advantage of the relativity consistent temperature found in body 

of water, a series of the flexible pipes submerged in the body of water like a lake river 

or stream, the heat pump is pumping the refrigerant into the network of pipes in the 

water, absorbs the heat from the surrounding water as it goes.[28] 
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Figure 16 water source heat pump and network of the pipes (Aspect heat pump) 

 

Ground source heat pump  

     The energy that is used to heat the refrigerant in the heat pump is drawn from pipes 

buried in the ground to extract heat from the ground by horizontal holes or vertical 

holes depends on which type of the ground heat source should use for the heat pump. 

Then heat the refrigerant which passes through the compressor that the temperature 

raised and after that transfer the higher temperature by the heat exchanger for use on 

space heating or domestic water, the refrigerant then pass through the expansion valve 

do the same loop again. [30] 

 

 

Figure 17Different types of ground source heat pump (Aspect heat pump) 

 

Micro combine heat and power 

     Combine heat and power system CHP works on to produce both electricity and heat from 

the same energy source. A normal electrical generation unit produces only electricity by 

using the chemical energy in the used, while the heat, which is produced from the process, is 

consider a waste. In CHP use these energy losses as a heating energy for use in space heating 

and domestic water.  

     Comparing CHP system process and conventional power plant in efficiency will show that 

the CHP is to produce up to 90% compared to conventional power plant which reaches up to 

55%. CHP installed where is needed for both electrical and thermal load. The usual capacity 

for normal combine heat and power system is about 50Kw electrical output and above 
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depends on the demand. Whereas the micro combine heat and power can produce anywhere 

with capacity between 1Kw to 10 Kw and that is the aim of the micro CHP to produce power 

for the residential buildings with low power required such as houses and business building, 

which in turn, can sell the over producing energy to the utility, to subside the used fuel for the 

system. [32] 

 

Figure 18Comparison of CHP and separate heat and power generation 

     This figure shows the theoretical efficiency difference between the separate heat and 

power generation and the combine heat and power. 

     The micro CHP engine system is based on several different technologies such as; internal 

combustion engines, Stirling engines, fuel cell, micro turbine, and steam engines/steam 

boilers. The Micro combine heat and power will gradually replace the conventional boiler in 

the dwelling buildings and provide both electricity and heat for the same building. Perhaps, 

the overflow power which is produced, could be exported to the local grid. [33]  

 

Figure 19combine heat and work site view (Minett) 2000 
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     The unit produces both heat and electricity in a single process. The heat driven from the 

electricity production is not treated as a waste but it is used for space heating and domestic 

hot water. That improves the high efficiency of the micro combine heat and power which is 

about 80-90% in comparison with electricity production process which has 40-50% 

efficiency for the central electrical generation. [34] 

     The Swedish market and use for the CHP have the major use in large scale of 

cogeneration system, while the small scale of CHP has limited installation in Sweden, 

especially for emergency back-ups and landfill gas sites in order to limit the external 

consumption. Consequently, the small scale of combine heat and power does not represent 

the Swedish heat and power market.[35] 

     The marketing for the micro CHP in Europe and the rest of the world varies among the 

different markets. For EU marketing, the micro CHP can transfer the European consumers 

from energy consumer to energy producer. The higher efficiency of the micro CHP reduces 

the energy bills and protects them against the rising energy cost. Adding to above, the 

technology of micro CHP can be an option to the citizens among the heating technologies in 

heating market despite of the micro CHP in the only technology that can be used in homes to 

generate both power and heating. [36] 

     The largest three countries for micro CHP installation market in Europe areas are 

Germany, United Kingdom, and Netherland. This is due to climate condition and well 

development market structure. Germany has the largest CHP market in Europe for both 

industrial of large scale of cogeneration with 36% of the total installation of Europe market 

share, compared to 83.5 % of total installation micro CHP in Europe market  

     In 2014 the research undertaken by Delta-ee with 643 houses responsible for the heating 

system and fuel bills to cross away number of interesting owners for installed micro CHP in 

single family houses. The result was between 62-71% of the houses owner were interested. 

[36]  
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Figure 20case study in Germany (Cogen)  2015 

Methods 

 

Exergy and energy equation for heat pump (Carnot Cycle)  
 

a. Evaporator: this component absorbs heat from the pipe component from the ground 

source; which is sufficient to make the refrigerant boil and evaporate; in most cases the 

evaporator coil is subjected to forced field of continuous air water flow depending on the 

source of heat.  Which is also included to the evaporator Exergy and energy calculations 

for this report these Exergies and Energies are neglected and the heat source is assumed 

to be renewed by a passive process. (Isobar) process; the refrigerant is at point 4; is left 

to expand to the low pressure level and it’s a mixture of liquid and vapor. And though 

will absorb heat from the cold source.  

   ̇      ̇    ̇  

conservation of mass the same flow in and out  

   
̇    ̇            

Energy is the amount of enthalpy change in the refrigerant  

                         

Specific Exergy for the incoming refrigerant  

                            

Specific Exergy for the leaving refrigerant 

      
̇    ̇              

Exergy destruction losses in this device is the loss in the enthalpy compared to the same 

reference [20] 

 

b. Compressor: The work on the refrigerant is expressed by increasing the enthalpy of 

the material, though by increasing the pressure of the refrigerant and transforming it 
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phase to superheated vapour.  (Adiabatic) process: compared to ideal process this 

component should be adiabatic no flow of heat to the external environment 

   
̇    ̇            

Work is the amount of enthalpy change in the refrigerant 

      
̇    ̇                  

Exergy destruction losses in this device are the loss in the enthalpy compared to the 

same reference and the work done on the system by the compressor. [20] 

 

c. Condenser: (Isobar): this component releases heat from the refrigerant; which is 

sufficient to make the refrigerant condense and saturate; in most cases the condenser 

coil is subjected to forced field of continuous air water flow depending on the source of 

cold.  Which is also included to the condenser Exergy and energy calculations for this 

report these Exergies and Energies are neglected and the cold source is assumed to be 

renewed by a passive process. 

    
̇    ̇            

Energy is the amount of enthalpy change in the refrigerant  

      
̇    ̇              

Exergy destruction losses in this device is the loss in the enthalpy compared to the same 

reference [20] 

 

d. Expansion valve: the purpose of this component is to expand the refrigerant to 

low pressure level passively as no energy is consumed the enthalpy change is 

zero. (Adiabatic) process the refrigerant is allowed to expand and though 

reducing its temperature and pressure.  

 
           

Energy and Exergy COP  

      
    

̇

   
̇

 

      
  ̇          ̇        

   
̇

 

 

Exergy and energy equation for Micro CHP (Rankine Cycle)  

it shall be use these equations to determine the both energy and exergy efficiency for the 

system and from these result should be shown the exergy saving from using the co-generation 

system to produce both electricity and heating, by using the waste heating from the power 

generation process to produce the thermal power from the same system and get much higher 

efficiency for the overall system.  
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condenser 

In this component the fluid leave the turbine in steam situation. The condenser transfers the 

heat to the heating purpose.  

   ̇      ̇    ̇   

Conservation of mass the same flow in and out  

    
̇    ̇             

Pump  

 The fluid leaves the condenser in low pressure and low temperature to the pump to increase 

the pressure and send it to the evaporator to heat up. 

   
̇    ̇            

Work is the amount of enthalpy change in the fluid  

 

Evaporator 

The fluid flow inside the evaporator with high pressure and  low temperature , the evaporator 

absorb the heat from the fuel and transfer it to the fluid to become saturated gas in ideal cycle 

( I real cycle become super-heated ) then flow to turbine . 

   
̇    ̇            

Energy is the amount of enthalpy change in the fluid   

 

Turbine  

In this component the turbine takes the saturated gas from the evaporator (in real rankine 

cycle become super-heated fluid). The turbine work and produce electricity then forward the 

fluid to the condenser in steam mixed with liquid and gas in low pressure.  

 
   ̇      ̇    ̇  

           

 

                         

Specific Exergy for the incoming fluid 

                            

Specific Exergy for the leaving fluid 

      
̇    ̇              

Exergy destruction losses in this device are the loss in the enthalpy compared to the 

same reference. [20] 
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Energy efficiency 

    
     

    

  
 

 

Where W is the electricity product ration and    is the product heating generation and     is 

the fuel energy input rate. [20] 

 

Exergy efficiency 

    
     

         

     
 

Where the       is the Exergetic temperature factor and         is the fuel exergy input. [20] 

 

 

 

 

  
 

Result  

Heat pump result  

North Case 

H0 

(KJ/KJ) 263 T0 (K) 263.15 

S0 

(KJ/KJ.K) 6.7 
P0 

(kPa) 100 
Table 1heat pump north case (reference) 

by take a first case with reference temperature -10_ᵒC 

  1 2 3 4 

T(C ) 2.000 65.000 45.000 -6.000 

P (kPa) 0.150 3.200 3.200 0.150 

H (KJ/KJ) 414.800 433.700 268.300 268.300 

S 

(KJ/KJ.K) 1.904 1.720 1.213 1.241 

Ex 

(KJ/KG) 1413.867 1481.187 1449.204 1441.836 

Ex rate 

(KW) 706.934 740.594 724.602 720.918 
Table 2 heat pump north case (point of properties) 
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This table shows the all four stage on the heat pump starting from stage 1 which show the 

refrigerant direction from evaporator to the compressor at 0.15 kPa then be compressed going to 

the condenser with high pressure and temperature on stage 2 after the condenser the refrigerant 

continue to the thermal expansion valve on stage 3 leaving it at low pressure and temperature then 

on stage 4 flow the refrigerant forward to the evaporator to do the same process again. 

 
compressor condenser evaporator 

space 

heating  

Work Kw 18.900 ----------- ----------- ----------- 

Q (heat) Kw ----------- 82.700 146.500   

Exergy Lost 

Kw    31.983 27.968 8.9662883 
Table 3 heat pump north case (result) 

The table shows the work used on the compressor as well as the high heat leaving the condenser 

forward to the next heating loop at the house which use for space heating and domestic hot water. 

COP en  4.375661376 

COP ex 0.846109788 

used exergy/work 0.47440679 

exergy efficiency 0.682398287 
Table 4 heat pump north case (COP, Exergy efficiency, Exergy used) 

This table show the COP for the both Energy and Exergy , showing how the heat pump process 

convert the heat come inside the process and how much from this can be used for heating, same for 

the COP Exergy. 

South Case 

 

H0 

(KJ/KJ) 275 T0 (K) 275.15 

S0 

(KJ/KJ.K) 6.7 
P0 

(kPa) 100 
Table 5 heat pump south case (reference) 

In this case the heat pump located in the south Sweden with reference temperature +2_ᵒC 

  1 2 3 4 

T(C ) 2.000 65.000 40.000 -6.000 

P (MPA) 0.150 3.200 3.200 0.150 

H (KJ/KJ) 414.800 433.700 268.300 268.300 

S 

(KJ/KJ.K) 1.904 1.720 1.213 1.241 

Ex 

(KJ/KG) 1459.474 1528.947 1503.186 1495.261 

EX 

rate(kW) 729.737 764.474 751.593 747.631 
Table 6 heat pump south case (point of properties) 

The same for the north case heat pump thermal loop as the south case. 
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Compressor Condenser evaporator 

for space 

heating  

Work Kw 18.900 -----------     

Q (heat) Kw ----------- 82.700 146.500   

Exergy Lost 

Kw    25.761 35.787 5.6039302 
Table 7heat pump south case (result) 

The result differ from the north case at the Exergy loss, which appear that the Exergy loss in the 

south case less than it in the north. 

COP en  4.375661376 

COP ex 0.681517857 

used exergy/work 0.296504244 

exergy efficiency 0.471070527 
Table 8 heat pump south case (COP, Exergy efficiency, Exergy used) 

Micro CHP Result  

North case 

      

H0 

(KJ/KJ) 247 T0 (K) 263.15 

S0 

(KJ/KJ.K) 1 
P0 

(kPa) 100 
Table 9  Micro CHP  north case (reference) 

By located the micro CHP on the north Sweden taking the reference temperature -10_ᵒC. 

 

  1 2 3 4 

T (K) 348.150 348.150 308.150 308.150 

P (kPa) 600.000 100.000 100.000 600.000 

H (KJ/KJ) 2756.800 2451.918 615.795 616.324 

S 

(KJ/KJ.K) 6.760 6.760 1.931 1.931 

Ex 

(KJ/KG) 977.906 673.024 107.600 108.129 
Table 10 Micro CHP north case (point of properties) 

The fluid at the thermal loop leaving the condenser at stage 1 forward the engine at high pressure 

,at stage 2 the fluid leave the engine at low pressure but same temperature towards the condenser 

at stage 3 which forwards the fluid back to the pump to pump to evaporator at stage 4. 

 
pump condenser turbine Evaporator 

Work Kw 0.529 ----------- 304.882 ----------- 

Q (heat) 

Kw ----------- 1836.123 ----------- 2140.476 

Exergy 

Lost Kw  0.529 565.424 304.882 869.777 
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Table 11 Micro CHP north case (result) 

The result show work used for the pump and turbine as the heat come to the thermal loop by the 

evaporator and how much is used from this heat leaving the condenser for using forward in space 

heating and domestic hot water . 

η energy 0.93253 

η exergy  1.01503 
Table 12 Micro CHP north case (Exergy, Energy efficiency) 

The high efficiency for the micro CHP is noticed in the above table. 

 

South case  

 

H0 (KJ/KJ) 258 T0 (K) 275.15 

S0 (KJ/KJ.K) 1.02 P0(kPa) 100 
Table 13 Micro CHP south case (reference) 

Locating micro CHP on the south of Sweden which made it use the reference temperature as winter 

average temperature which is +2_ᵒC. 

  1 2 3 4 

T (k) 348.150 348.150 308.150 308.150 

P (MPa) 0.600 0.100 0.100 0.600 

H (KJ/KJ) 2756.800 2451.918 615.795 616.324 

S 

(KJ/KJ.K) 6.760 6.760 1.931 1.931 

Ex 

(KJ/KG) 896.786 591.904 84.426 84.954 
Table 14 Micro CHP south case (point of properties) 

The micro CHP has the same thermal loop with four stages as explained it at the north case. 

 
pump condenser turbine Evaporator 

Work Kw 0.529 ----------- 304.882 ----------- 

Q (heat) 

Kw ----------- 1836.123 ----------- 2140.476 

Exergy 

Lost Kw  0.529 507.478 304.882 811.832 
Table 15 Micro CHP south case (result) 

As it shows in the north case the result for work and heat , the same here as it appear that the but it 

shows the Exergy losses at the south less than it at the north , so the heat loss at the components 

less than it at the north case. 

η energy 0.090834 

Η exergy  0.978748 
Table 16 Micro CHP couth case (Exergy, Energy efficiency) 

The higher efficiency for both Exergy and energy shows clearly for micro CHP. 
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Discussion  

 

Discussion - Prevailing technologies: 

 

The heat pump used in Sweden in large number comes after the district heating as a heating 

technology. As it seems the efficiency of the heat pump in the south and middle of Sweden is 

the reason over its usage increasing as well as the cost of the heat pump, which can be 

variable in different brands and different technologies, which influence the costumer in the 

market. While the different types of heat pumps depend on the geographic area and the 

budget for investments. Heat pumps with consider efficiency could even work in low 

temperature, couple of temperature for air/air heat pump and lower for the water /water heat 

pump and ground source heat pump. The consider efficiency which is the low running cost 

according to the low electrical price, both give the costumer the benefit to use the heat pump 

for space heating and for produce domestic hot water . 

The energy used in heat pump could be coming from the sustainable renewable electrical 

process but it could not be coming from nuclear fuel, which we should avoid the risk in the 

future for both our plants and air with less emission gasses and decrease the fossil fuel 

consumption. That is one of the ways that leads us to clan energy user and producer at the 

same time. 

The heat pump has enough efficiency to get the heating for domestic hot water and space 

heating to reduce the amount of energy consummation and without using a fuel cell for the 

cogeneration system. Nevertheless, if we take the cogeneration system as a future technology 

to use in Sweden in heating instead of bio boilers, it could be an alternative for both 

environmental purposes and from an Exergy view to get benefits from all Exergy in the fuel 

with less losses of it. 

The micro CHP is high efficient way using of fuel for heating and producing electricity from 

the same process. It could use in both the fossil fuel and renewable fuel depends on the 

engine used in it. However, most of the engines has the capability to work with both fuel, 

although reducing the heat loss and converted to used energy which is one of the goals in 

nowadays and for the future as well. Decreasing the carbon emission by using fuel with 

natural carbon dioxide emission is the way to move towards decarbonizing heat and 

electricity, not only in large scale plant, but also in small scale generation. 

The micro CHP could be a given to the Swedish to become active in participant in the energy 

system as it in solar energy as well in micro CHP to cut their carbon emission and converted 

to the energy-producer costumers .When the market for the renewable fuel increase the by the 

technologies which use the need of the high carbon emission fuel decrease and that keep us to 

use low carbon energy sources. 

On other hand by showing the Micro CHP with other heating technologies used in Sweden, it 

could be clear that the bio boilers has the nearest technology for the micro CHP but with less 

using for the fuel, it use the bio fuel on the heating only, need large place to storage the bio 



32 
 

fuel if it be pellets or firewood. Compare it with micro CHP, so this give the last one the 

preference for it environmental purpose.   

 

Discussing the result  

 

The results obtained from the last section are compared in figure 9. The results are as 

expected, COP energy is misleading at deferent reference states. The Exergy COP shows a 

decrease as the reference temperature increases. This implies that the conclusion heat pumps 

are most efficient at cold temperatures and are more suitable at coldest weathers which is not 

shown through energy COP calculations from figure 4 and the results wasn’t affected by the 

reference temperature 

 

 

Figure 21 Exergy & Energy COP VS T0 

 

     Reference environment is a key factor in Exergy analysis; it defines the conditions of 

energy at the environment and how deep the irreversibility is in the system. The heat pump in 

high temperatures is wasting more energy as compared to cold temperatures. This indicates 

that using heat pumps are best suitable for cold climates but not for moderate climates for 

heating.  

     The ground source heat pump installed in the south location in Sweden which has higher 

average temperature in the winter than the north of Sweden which has much less average 

temperature, show the ability to work in cold weather with higher exergy coefficient than the 

one which is located in the south of Sweden. Only after that, we would still have the energy 

coefficient for the heat pump in both locations still the same.   

     Thus in real heat pumps’ cycles, the Energy COP is influenced by the load and the outside 

temperature, and the work of the compressor is increased depending on those factors. The 

heat which is absorbed by the evaporator from the ground source heat which influence the 

power need of the energy in the process and that is why the ground heat source should release 

the heat at the heat pump, increasing the efficiency of the process and decreasing the exergy 
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lost in the process, with less energy need to heat the refrigerant from the lower temperature as 

its assumed in these cases.  

 

 

Figure 22 Energy & Exergy Efficiency VS t0 

The calculation shows that the energy efficiency for the heat pump is stable for using the unit 

in both locations. The different in temperature in the locations has its impact on the exergy 

efficiency which has been seen clearly in figure 10. This shows how the reference 

temperature can influence the exergy efficiency so that the heat pump exergy efficiency high 

in cold weather than its in such higher temperature. The electricity power exergy and the 

thermal heat coming from the ground source converter with about 65% to heat usage for 

space heating and domestic hot water according to the exergy efficiency but from the energy 

efficiency view which has the same efficiency in both locations with the same input energy to 

the heat pump that has about 50% of the energy converted to heat. 

     The result from the determined the efficiency for the micro CHP shows high energy 

efficiency. The results of the calculation were as expected, the energy used in the micro CHP 

converted to usable energy used for producing heat for domestic hot water and space heating 

plus producing amount of electricity. The energy efficiency were  the same efficiency for 

using the unit in both locations, but the reference temperature has its impact on the exergy 

efficiency which shows that increasing in the efficiency in the coldest side of both locations, 

so the unit work in cold place with low temperature. The exergy in the south location 

converted according to the calculation to the exergy heat and electricity with 94% and less 

exergy losses than the heat pump which has exergy efficiency in about 65%. On the other 

hand, the exergy efficiency has been reached almost the high efficiency in the north location 

which shows the best location to use the unit in the cold places with average cold 

temperature. In that case, the micro CHP waste more energy in the warmer area than the one 

installed in the colder area. 
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Figure 23 Energy & Exergy Efficiency VS T0 

     The reference temperature influences the micro CHP work engine which could be the IC 

engine that has the internal combustion and all component Exergy rates. 

     Keeping the environment from the heat losses produce by the separate process lead us to 

use such unit which reduces the heat loss from the fuel used and keeps the cycle converting 

the exergy in the fuel with less losses, Which in turns makes us environmental friendly by 

reducing the greenhouses gasses through the usage of units with higher exergy and energy 

efficiency using a renewable fuel. The micro CHP engine could work on both natural gas and 

bio mass and by calculation the emission coming from the natural gas by determined number 

of the carbon in one molecule of the fuel and becomes 0.0063 carbon in molecule of fuel. 

Only, if we take the biomass for a fuel then all the carbon dioxide emission is reduced 

because of the carbon dioxide which is produced from the biomass is a natural carbon and is 

not considered source for     emission.  

 

Conclusion  
 

When comparing the efficiency between the two technologies, we would see that the heat 

pump has considerable efficiency which can be very useful and has acting in the heating 

market despite of the cost of the hole boring, installation and the cost of the heat pump itself. 

Only because of the heat pump depends on the electricity in compressor work more than the 

micro CHP that make some thought about the source of power which is delivered to the heat 

pump that could from nuclear power as well as fossil fuel. This make us think about the 

power we use according to the environmental situation we lived in with the high temperature 

in the world. 

Nevertheless, from the other side, the efficiency of the micro CHP has the higher energy 

efficiency as well as the Exergy efficiency than the heat pump. Though it should be the next 

future technology use in Sweden for purpose of reduce the electricity demand as it in heat 
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demand and give the benefit for both individual and whole society. The micro CHP unit use 

almost most of the fuel energy and Exergy to produce both electricity and heating at the same 

time and with the IC engine it could make the fuel combustion, at the consider condition, 

make the heat losses much less. It can also give a several individual benefits to the society 

which benefits by converting the energy costumer from energy user to energy user and 

producer, can be also one of technologies which is used to reach to the no fossil energy goals 

. 

The heat pump has enough efficiency to get the heating for domestic hot water and space 

heating for less energy consummation and without the cogeneration system. Nevertheless, if 

we take the cogeneration system as in future technology to use in Sweden in heating so it 

could be an alternative for both environmental purpose and from the Exergy view to get 

benefit from the all Exergy in the fuel with reduced losses.   
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