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At present, the system of central heating in Ukraine is in a bad condition. In winter season, it constantly happens that the temperature in the buildings doesn’t meet the requirements of fixed norms, we can also observe the mass disconnecting of heat consumers from the heating system. In my native city Donetsk with its population of about 1 ml. people, there are 330 boiler houses, which often serve only 2 or 3 buildings instead of the whole neighbourhood. It’s natural that with such under loading of the boilers their efficiency is far from being maximal. Both this and very bad conditions of the heating systems lead to the enormous overrun of energy and, as a result, an overdraft of funds. That’s why it is necessary to find the solution for this problem. 

     Nowadays, the whole central heat supply system renovation suffers hard times and needs a more optimal approach. Our aim is to find out in what way it is better to develop the central heating system.

   Here is the statistics of the Housing and Urban Development Ministry concerning different types of energy sources, HRU/yr 
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    As you can see from the chart, implementing a heat plump (HP) as a heat source is the most economical and efficient. The savings make up 40000 HRU a year. In average, a HP can supply a house with heating, 60-75% of which being free of charge. In fact, the initial costs for a pump and its installation can make 600,000 HRU. But the capital outlay will have been paid back in 9 years minimum at the expense of saving fuel and electricity (we will observe the next increase in energy prices from January 1, 2009).  The HP operation will last for 15-20 years before major overhaul.  

         The given research aims  to estimate the individual heating system  on the basis of HP and to carry out its optimization taking into account the amendment of now existing heat-circulation system and a back-up heat source, such as a  boiler, of a  boiler house.

As an object under research we take a 9-storied building of 1KG-480 type, which was put into operation in the 90s of the 20th century. Unlike a traditional water-air scheme (in which we use outdoor air only as a heat source with lower temperature) one could use the mixture of some heated air, coming from the ventilation system, with some cooler outdoor air – this mixture will increase the pump efficiency up to 1.3-1.4 times.

The research has two assignments:
1. To calculate total heat loss through ventilation system, walling, etc.
2. To develop measures for the increasing HP efficiency.         
The building heat loss calculated as prescribed in Building Code 2.08.01.-87 can be seen in Chart 1.
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Chart 1- Heat loss through ventilation system (calculations as to Building Code 2.08.01.-87)             

The heat loss through walling is calculated in a standard way with the account of construction characteristics, such as wall gauge, surface of the building, its dimensions, panel heat conductivity etc. The control temperature points are -25, -20, -15, -10, -5, 0, +8, +13 0С.
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     Chart 2. - Heat Loss through the walling
   The graph of the total heat load for an unheated building looks like this:

[image: image4.png]450
50
00
200
150

15

10

-10

-15

-20

-25





 Chart 3- The Total Heat load

  THE SELECTION OF A HEAT PUMP

 You should be careful while talking about the problem of the heat pump usage in Ukraine, because they are a rare thing nowadays. There are a lot of reasons for such rarity; the first one is a high price. We can also point out the underestimation of Ukraine as a potential outlet for the manufacturers of the heat pumps of the first-rate European firms (companies), there are also small investments in the advertisements of the given product on the territory of Ukraine, and natural gas price will rise in 2009. In spite of all these problems, there is an outlook for the heat pumps installation any way.

The application of heat pumps results into:

· energy saving (application of heat pump is 2 times profitable than application of the most effective gas-working boiler house)

· improvement of heating system safety: using heat pumps separately or in combination with another heating source is improving heating system reliability;

· ecology (electricity consumption by heat pumps is similar to basic electricity generation, so it is possible to say that heat pumps consume this basic energy)

As for the shortcomings of the heat pumps, they are:

1. A relatively high equipment price.

2. The abrupt not linear capacity changing influenced by the temperature and weather conditions of the environment for most HPs.

The quantity of the produced heat energy with a good potential can exceed the energy consumption up to 3-4 times. Since the typical efficiency of the present condensing plants is no more than 40%, the usage of the heating installations can be regarded to be the most economical one with the conversion ratio for no more than 2.5. It should also be admitted that the correlation between the thermal unit cost, produced with the help of the electric power, and the one produced from the usage of natural gas, is lower than 2.5, because  in Ukraine the great amount of the electric power is produced from the usage of  a cheaper solid and nuclear fuel. 

  The “air-water” heat pumps do not need lower outlines and while using them you do not have to dig a ditch or to drill a well. 

  Taking into account some limits dealing with the temperature of the outdoor air, HPs can be widely used as the only heat source in the regions with mild climate and it can also be used as the second  more economical and environmentally friendly heat source added to the present systems on the basis of  boilers. Using the technology of mixing the air from ventilation and the outdoor air, we decrease the HP cost.

   According to Building Code 2.08.01-87, Building Code 2.08.02-89 etc. the temperature of the cold air of the most cold days is -150С for the 95% days of the heating period (season). While mixing the outdoor air of such temperature with the heated air from the ventilation system in proportion of 70% of the cold air to 30% of the heated air will cause the temperature of the mixture of -4.50С which will considerably decrease the cost of capital expenditures for HP. That’s why it is reasonable to select a heat pump according to the efficiency of the conversion ratio which will be in the limit of 2.3:3.5, and the first cost of the heat pump.      
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  Chart 4-Annual Temperature in Ukraine
We need to extra reinforce the indoor ventilation system at transfer points, as well as to install a low-power receiver filter to allow removing the impurities from the air. This would add 4000 HRU more to the capital outlay, including installation work expenses.
Here is a graph of conversion ratio against minimum possible air mixture temperature which equals -12 0С if outdoor air temperature is -25 0С.
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 Conversion Ratio

The next table compares a heat pump (HP) and a heating system (HS) as heat supply sources   in regards to the cost of heating per hour. 

Table 1. Heating characteristics – HP  versus HS. 
	Outdoor Air Temperature, 0С

	Air Mixture Temperature, 0С
	Heat Conversion Ratio, K
	Heat Load Q, kilowatt
	Pump Capacity, kilowatt
	Cost of HP heating per hour, HRU
	Cost of HS heating per hour, HRU

	-25
	-12.1
	2.2
	388.115
	176.4159
	42.33982
	126.7163

	-20
	-8.6
	2.32
	360.0155
	155.1791
	37.24298
	117.5421

	-15
	-5.1
	2.4
	313.1829
	130.4929
	31.31829
	102.2516

	-10
	-1.6
	2.44
	266.3504
	109.16
	26.1984
	86.96117

	-5
	1.9
	2.6
	219.5178
	84.42993
	20.26318
	71.67073

	0
	5.4
	3.3
	172.6852
	52.32886
	12.55893
	56.38029

	5
	8.9
	3.5
	125.8527
	35.95791
	8.629898
	41.08985

	8
	11
	3.8
	97.75314
	25.72451
	6.173883
	31.91558


Heating Expenditure during a Heating Season.
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Chart 6. Heating expenditure per 1 year (HRU/yr) –HP versus HS 
As the chart shows, cost savings are obvious, which can reach 200,000 HRU/yr. However, the related capital outlay for the heat pump installation and its continuous operation maintenance is in the range between 2 and 3.3 million HRU. Thus, the payback time for such technology makes around 12-13 years, while its operation life lasts 15 years without a major overhaul. The profitability of a system like that is in doubt. 
While using heat pumps for heating purposes one should be aware of their characteristic features. Firstly, external heat insulation of a building leads to the increasing of the Qvent-Qloss ratio, which results into a higher air mixture temperature and consequently a bigger conversion ratio for a heat pump. A HP can pay its cost only while operating in a properly heat insulated building with the heat loss not more than 100 watt/m2. The better the heat insulation, the more the cost savings are. To provide quick and cheaper thermo insulation we can use plates of plastic foam. 
The estimated cost of thermo insulation including workforce expenses will make 97,000 HRU, which will decrease the specific heat loss up to 65-80 watt/m2. 
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Heat loss through insulated walling
Chart 7. Heat load of a heat insulated building.
Implementing the external heat insulation can decrease the heat load of a building which will need a heat pump with lower capacity and, thus, with a lower price. 
40% of total heat loss is due to ventilation systems. As we know, heat pumps will use the air mixture for their operation. And if we calculate the minimum air mixture temperature (outdoor air and ventilation system air), possible in this climate, it will make -10 0С. Together with this, dealing with a smaller heat load and a more narrow range of air temperatures will reduce the capital outlay up to many times. Let us consider ClimateMaster (ROOFTOP) heat pump installation as an example. A 280 kilowatt pump installation will cost 780,000-80,000 HRU.

Table 2. Heating characteristics for a building with thermo insulation – HP versus HS
	Outdoor Air Temperature, 0С
	Air Mixture Temperature, 0С
	Heat Conversion Ratio, K
	Heat Load Q, kilowatt
	Pump Capacity, kilowatt
	Cost of HP heating per hour, HRU
	Cost of HS heating per hour, HRU

	-25
	-10
	2.2
	281.8689
	128.12221
	30.74933
	92.02783

	-20
	-4.8
	2.32
	261.5434
	112.73424
	27.05621
	85.39174

	-15
	-1.8
	2.4
	227.6677
	94.861553
	22.76677
	74.33161

	-10
	1.2
	2.44
	193.792
	79.422956
	19.06150
	63.27147

	-5
	4.2
	2.6
	159.9163
	61.506268
	14.76150
	52.21133

	0
	7.2
	3.3
	126.0406
	38.194116
	9.16658
	41.15119

	5
	10.2
	3.5
	92.16487
	26.332819
	6.31987
	30.09105

	8
	12
	3.8
	71.8394
	18.9051
	4.5372
	23.4549


Heating Expenditure during a    Heating Season.
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Heating expenditure per 1 year (HRU/yr) –HP versus HS

As we can see from the chart, one can save 197,803 HRU a year using a heat pump independently.
In the following formula CT=CHP+Cmodern
          CT  is capital outlays total,

CHP is a heat pump cost, and
          Cmodern is thermo insulation costs and district heating improvement costs.
The operating costs depend on the electricity prices, the duration of the heating season (that is the heat pump operation term) and the pump conversion ratio. Hence,
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, where

Э – base-load demand costs,

τ – HP operation term,
µ - HP conversion ratio.


Thus, CT equals 931,000 HRU with the payback time making 5 years.
Conclusions
1. The capital outlay of a HP installation without preliminary thermo insulation of a building would make 2-3.3 million HRU, resulting in heating costs saving of about 200,000 HRU per year with the payback period of 10-15 years. 
2. The capital outlay of a HP installation with preliminary thermo insulation of a building would make 93,000 HRU, which is explained by decrease in the HP price due to the need in a lower pump capacity. The heating costs saving would be 197,000 HRU per year with the payback period of 5-6 years, which seems to be quite effective. 
In general, we can state that HP application would become a way out from heating crisis in Ukraine, used for a separate building or even a number of buildings. However, from my point of view, the national scale requires a different solving of the problem, say, cogeneration, for instance. 
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