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ABSTRACT

The development of tourism on the Adriatic coast and islands is based on the concept of bearing the huge hotel complex systems. The development would be oriented towards smaller hotels of higher category as well as larger annual period of usage. The result of such strategy is that hotel apart to thermal and electrical energy supply, need-cooling energy too. Conventional solution with boilers, cooling power station and Diesel-electric generator can be substituted by an autonomous energy system, based on the input of a single fuel, which is designed to produce and distribute the electric power, heating and cooling energy required by a single hotel or a complex hotel resort – a total energy system. Water chiller of conventional system is substituted with heat pump. Total energy system as a compound energy source is of special interest to ill supplied and isolated islands.

In the paper, an example of total energy system application with 500 kW power generator has been analysed. The advantages of such a system have been pointed out, and the comparison with the conventional system has been done.

1.
INTRODUCTION

PRIVATE 

The basic problem of hotels is reconciliation of two requirements: satisfaction of higher comfort criteria imposed by the tourist services market and reduction of ever-increasing expenses. In other words, it is necessary to optimise the consumption of energy in hotel complexes as this takes up a considerable portion in the overall expenses. In order to ensure the required comfort, depending on category, a hotel can use various types of energy and there is no unification. A hotel, as an energy consumer, can have a twofold character, with yearly or seasonal business. With whole year long activities, additional energy is consumed for heating the premises. The solutions, which are given, are conventional energy systems using liquid fuel, gas or electric energy as fuels, or renewable energy systems using, for example, solar energy. The prospects for energy systems in tourist facilities of the future could be energy systems, which combine heat and power production so called cogeneration. A hotel of higher category has air-conditioning, i.e. a cooling system, so a heat pump appears as an essential additional element. Such a complex energy system which is designed to produce and distribute the electric power, heating and cooling energy is often called a total energy system. Environmental protection facts point to gas as an ideal input fuel of this complex system. Since the Adriatic coast and islands have not been jet provided with gas, the analysis has been carried out for both liquid fuels and gas. 

Analysing the existing conventional solutions for hotels, it is possible to cover energy systems with four energy installations: a thermal energy system for heating, a cooling system for air-conditioning, an energy system for hotel technology purposes and electric power system. These complex energy systems consist of the central boiler station with an involved network pipeline, boilers and water heating power stations, installations of water chillers with cooling towers and electric installation with connection to the main exsternal electric energy supply. The hotel's energy system has an auxiliary generator for electric power supply when the main grid fails. Observed from a functional aspect, the energy systems described satisfy completely the requirements. However, analysing the operational costs and polution effects on the environment, such energy systems are not suitable for tourist complexes.

Boilers fueled with liquid oil, water chillers which conduct heat all around through the cooling towers and Diesel generators with a small number of operational hours cannot satisfy the requirements of a modern hotel or tourist-recreational complex. Along with operating technical conditions, low operating and maintenance costs, a clean environment and noise-free operation of the engine are sought. The basic prerequisite for application and utilisation of such total energy systems in tourist facilities is a restricted noise level within the bounds of 72 to 82 dB(A) and a restricted emission level of CO2, SO2 and NOx.

Analysis of such a system has been carried out using the example of possible reconstruction of an existing 500-bed hotel in the south Dubrovnik region, where peak requirements for heating are 2,2 MW and for cooling 1,0 MW. The hotel has a Diesel generator of 500 kW, which uses liquid fuel D2-oil.

2. PROPOSED TOTAL ENERGY SYSTEM WITH DIESEL GENERATOR AND 


HEAT PUMP

An energy system for heating and cooling, and electric energy production are united in a single total energy system with Diesel generator and heat pump, see Figure 1. The aim of such a system is to increase the use of Diesel generator, utilising waste engine heat and thus reducing input fuel expenditure. Besides the heat pump and Diesel generator, the proposed energy system often consists of thermal energy storage unit, heat exchangers, pipeline with armature and pumps, and consumer installations. 
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Figure 1: Total energy system - flow chart

The power output of a generator is 500 kW and it uses input fuel energy equivalence of 1425 kW for operation. In summer this system works to achieve a cooling output of 1175 kW. Parallelly, 1 675 kW on condenser side and 600 kW of engine waste heat is recovered to be used for water heating. During winter opperational conditions for the same fuel energy equivalence an output 2 275 kW of heating energy is achieved, what is 60 % more than input energy.

 Using conventional system there would be less energy available, only 1210 kW using the extra light oil, i.e. 1 350 kW using gas as a fuel. The thermal efficiency of electric energy production using primary fuel amounts to 0.35, the efficiency of boiler for extra light oil heating 0.85, and for gas heating 0.95.
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Figure 2: Energy links of a total energy system with Diesel generator and heat pump with temperature levels of the operating medium.

In Figure 2. a total energy system with temperature levels of operating medium is shown. The system has continuously at its disposal operating medium with three different temperature levels  80(C, 55(C and 7(C. Diesel-motor generator is specially assembled to allow recovery of waste heat from the engine cooling and exhaust gases system. The heat pump has inbuilt screw compressors for fine regulation when small overloading of power installations occurs. Production of electric energy does not have to be directly linked with the required output of heat pumps as surplus electric energy is supplied to the installations on premises through the control cabinet. Within the energy system following elements are included: thermal installation for heating the premises, hot water and swimming pool water heating, cooling system with air-conditioning and water chiller installations; electrical installations composed of power, automatic control. The operation of such a system is controlled by a central microprocessor control system, which carries out monitoring, information, supervision and management.

3.
BASIC ASSUMPTIONS

The energy solution in the paper starts with the fact that from a building physics aspect the premises completely has been built conforming to positive regulative and national standards, where minimal transmission heat losses during winter operations, minimal intrusions of heat during summer operations and suitable ventilation of the premises have been secured. At the same time, it is assumed that due to the uniqueness of the location, a passive system of using solar energy will be applied. In planning new buildings, it is essential to respect the positive legal regulations as regards physics of the building. Available fuels and ecological criteria restrict the choice of fuel. For the mentioned hotel, it is assumed that in the near future the Adriatic coast will be supplied with gas, so the analysis has been carried out for liquid fuel and the results have been compared with gas. The proposed system can be relatively simply adjusted for gas use.

The choice of an energy system should be analysed with three indicators: the energy, economy and ecology facts. The economic indicators for justifying the installation of a proposed energy system have been especially analysed. The type of fuels anticipated and amount of consumption compared with the conventional solution points to the element of economic justification for application of a proposed energy solution.

Depending on heating overload of the premises, operational procedures and season (external state), the actual output will change during the year between two output extremes.

4.
COMPARISON OF ENERGY SOLUTION

Energy comparison of conventional solutions described with proposed total energy systems with Diesel generator and heat pump as possible example of application in a hotel has been shown in Figure 3. The comparison of the entrance equivalencies of heating energy with the same heat output of 3.0 MW and cooling energy 1.0 MW results with the fact that fuel consumption of the proposed total energy system is lower than the consumption of conventional systems. Lower fuel consumption induces significant financial savings and, what is very important, lower air pollution. 

Although this solution from a technical aspect is more complex, it completely satisfies the requirement aims, ecologically it is more suitable as consumption of liquid fuels is reduced. With the proposed solution, it is possible gradually to build a system, depending on the eventual building stage of the tourist complex. Supplying the region with gas liquid fuels will be abandoned and that is more suitable versus protection of the environment.

5.
TECHNO-ECONOMIC PROFITABILITY INDICATORS OF A TOTAL 


ENERGY SYSTEM USING THE EXAMPLE OF A HOTEL

The analysis is based on liquid fuels D2 (price 1 DEM/1), extra light heating oil - LEL (0,6 DEM/1) and instilled petroleum gas - UNP (12 DEM/GJ). Fuel expenses for Diesel generator engines (110 1/h) are 110 DEM/h for D2 and 66 DEM/h for LEL. Energy brought with fuel amounts to 3,52 GJ/h. If UNP were used as a fuel, fuel expenses would be 42 DEM/h.

The value of produced electric energy is based on the fact that the hotel as a consumer falls in the II tariff group ("others at 0,4 kW") and pays to the distributor (HEP) following expenses: engaged power 28,.4 DEM/kW monthly, operational energy higher tariff 13,9 DEM/MWh and medium tariff 5,5 DEM/MWh. When the consumer uses 60% of higher tariff, then the average price of operational energy amounts to 10,5 Pf/kWh. When the consumer delivers to the network irregular energy (<MWe) then the same are accepted at a price of 9,2 Pf/kWh.

The value of energy can be determined according to the price of heating received through combustion of extra light heating oil, which amounts to 7,5 Pf/kWh. Savings on engaged power which can be reduced for the amount of available Diesel generator power amount to   11 360 DEM/monthly. Revenue from electric energy is 30 240 DEM/monthly and from heating energy 24 840 DEM/monthly. Expenses are: fuel 79 200 DEM/monthly for D2,        47 520 DEM/monthly for LEL and 30 240 DEM/monthly for UNP. Maintenance of the system is 7 200 DEM/monthly.

Total revenue of the plant which summarises the revenues from saving on electric energy, heating energy and engaged power amounts to 66 440 DEM/monthly. Total outlay which includes fuel expenses, operational and maintenance costs is 54 720 DEM/monthly. A profit of 11 720 DEM/monthly is obtained from this analysis. Value of the investment in the installations for production of hot water is 120 000 DEM and in the system with heat pump an additional 250 000 DEM.
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Figure 3: 
Comparison of equivalent input and output energy for conventional and 

proposed solution

6.
POWER PRODUCTION

The existing Diesel generators used as auxiliary power producer with manual or automatic control are insufficiently utilised. Frequently they become obsolete with time with the number of hours of actual operation not exceeding some hundreds of hours. The reason for this is the ever-increasing reliability with electric energy systems supply where power failures are very rare and their duration limited to a short time. The facts mentioned open the way for economically better use of existing or new Diesel electric generators, e.g. for simultaneous power and heating energy production. The most effective is application of electric generators with the aim of covering peak electrical power loads of thermal energy system. Namely, electric distribution as an electric energy supplier forms the total cost for electric energy on the basis of operational electric energy consumption and the highest (peak) power lasting 15 minutes which consumers avail of during a complete accounting period - month. Practically, it is sufficient that just once during the whole month a greater number of consumers of electric energy is switched on and if that lasts for 15 minutes this peak power is registered by a measuring calculator device and on the basis of this, electric distribution charges peak power of 28 DEM/kW. Frequently from the total bill for electric energy more than 50% accounts for this portion. Using properly reconstructed existing or a new Diesel generator, significant financial savings can be achieved as a result of reduced electricity expenses, i.e. reduced peak power. At the moment of peak overloading Diesel generators should be equipped to automatically switch on to parallel operations with the electricity network. When the electric generator operates parallel with the electric network, only energy for covering the difference in power of all consumers and power of the generator itself is taken. In addition, if the power of the generator is greater than the total power of the electric appliance the energy can be returned to the network. It is taken for granted, of course, that its function as a reserve source of electric energy is maintained.

As previously mentioned, reconstruction of the existing Diesel generator is possible and includes reconstruction of a system of starting up the Diesel generator, supplementary relay protection, relay feedback power, undervoltage and overvoltage relay, underfrequent and overfrequent protection, relay of non-symmetry and nearground connection, device for automatic synchronisation, adjustment of actuator power regulator, additional equipment of generator with measuring transformers, signal device, fuel level and state of battery controllers, as well as complete equipment for automatic operations. If the generator is built only for manual handling it is necessary to build in a bigger fuel tank to allow undisturbed continual long-term operations. Integrating the existing Diesel generator in the operations of a total energy system requires following:

· obtaining a device for limiting peak power with measuring transformer and secondly as a control device for automatic direction and stopping, 

· reconstruction as required of the main distribution panel and the laying of energy and signal cable, 

· acquisition of an automatic device for completely harnessing the energy of the generator and heating energy.

7. CONTROL, COMMAND AND MONITORING OF THE  ENERGY SYSTEM 

Through the analysis of consumption of individual forms of energy and comparison with proven norms, it follows that energy in the hotel complex is not used rationally, i.e. frequently not enough attention is paid to energy saving. A series of possibilities exist for creating energy saving without large financial outlay which very often is recovered through savings within a short period of time. Through the application of a qualitative and correctly chosen system with automatic temperature regulation, significant savings can be achieved. Modern technology of microprocessors today offers the possibility of uniting energy systems of a hotel complex. With this aim in mind, in the hotel complex a central monitoring device for control and management of the energy system is being built. Application of such a system ensures complete automation for smooth running of the process and provides all necessary control of operations as well as continued supervision and monitoring of all required output from one control point. Such a system for central information, monitoring and management contains complete application for each of the required operations mentioned, for example one for energy saving or for monitoring fuel consumption.

Even great memory capabilities of the computer ensures expansion of use for other requirements of the hotel complex, as for example in hotel management.

8. CONCLUSION

The energy system of the hotel for heating, air conditioning, hot water preparation, technological requirements and production of electric energy are united in a single total energy system with Diesel generator and heat pump, controlled by an all-embracing central microprocessor system. Through application of a central microprocessor system for information, monitoring and management of an energy system for the hotel complex, a more effective running of operations of the plant in exploitation is achieved, preventative maintenance is ensured and directly influences consumption of fuel. 

It is possible to achieve an economic total energy system only with application of cheap fuel. Although gas is an ideal fuel for such a system, because of the unexisting gasification of the Adriatic coast and islands, the analysis in the paper has been done with liquid fuel, i.e. D2 and oil extra light. The proposed technical solution satisfies the demands of energy requirements and protection of the environment.     
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