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ABSTRACT
A simple procedure, based on average monthly solar radiation and temperature data  is proposed to choose an optimal system for consumption water heating in tourist facilities and domestic use. The energy consumption and the energy gain of the solar heating system is calculated for each month in the year. Considering total system annual costs, the optimal collector area is evaluated. The optimal area is depending on consumption dynamics, solar radiation and the type of auxiliary heating system, as well as prices of energy and equipment.  Analysis takes into consideration combinations of solar collectors with electric boiler,  oil fired boiler and the heat pump. A software is developed to perform calculations. The advantage of the optimization program is the limited number of input data, most of which are readily available for most regions and tourist facilities. This enables designer  to choose the optimal heating system in the early phase of  design. The results are presented on example calculation of  a consumption water heating system for a hotel and a tourist camp at Adriatic coast.

1. INTRODUCTION
The consumption water heating has always been considered as the most feasible solar energy application. Nowadays, due to expensive equipment, even that application’s feasibility is doubtful. The economic analysis and optimization are necessary to make decision about the solar energy utilization. Random characteristic of solar radiation demands additive heating in solar systems. Choice must be done between heating with conventional boiler, electric heater or the heat pump alone or any of those three combined with solar collectors. System costs (investment, energy and maintenance) depend on that decision. Cost also depend on the market conditions, such as inflation rate, interest etc. and they have to be considered through their dynamic changes. Extensive calculations are necessary in order to find out an optimal combination. This implies the use of computer programs. Considerable number of input parameters is necessary to annalyse dynamic behavior of the solar heating system. Those parameters are not always achievable in engineering practice. In most cases only the monthly averages of solar radiation, air temperature and number of consumers are known, when designing the consumption water heating system. Dynamic changes of input parameters, which affect the system efficiency during the operation, such as hourly changes of solar radiation, daily variations in consumption etc. are the rarely known. This was the reason for development of the optimization software which uses only a few input parameters to perform the preliminary energy analysis and optimization in order to give the designer and investor the bases for the general decision on heating system to be applied. Later, when the system is defined in general, we can apply methods of dynamic modeling to improve total efficiency, especially in partial load cases.

2. THE APPLIED CALCULATION PROCEDURE 

Energy for consumption water heating is calculated for every month, and later summarized for the whole year, knowing the number of guests 
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during the month considered, specific daily consumption 
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of hot water per guest (1(, hot water temperature 
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 and entering cold water temperature 
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. The program has implemented recommendations for the variation of guest number 
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 during the year for 30 locations along Adriatic coast and for three types of consumers - hotel, camp and pension which can be accepted or changed by user.

Solar collector area necessary to satisfy energy consumption 
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where 
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 is the monthly average of solar radiation on tilted surface and  
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 is average collector efficiency for the month under consideration. In order to reduce number of required input parameters, a simple model for the collector efficiency is applied:
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where (T is the difference between the mean collector and the ambient temperatures, and 

 is the intensity of global radiation on the tilted collector surface. Coefficients C1, C2 and C3 are the parameters for the analyzed type of solar collector, which can be determined from solar collector efficiency curves. Radiation on tilted surface 
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is calculated according to (2( as
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In (3) 
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is the diffuse ground reflectance, and 
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 the collector slope. Gb is the beam component and Gd diffuse component of global radiation on horizontal plane 

, Diffuse component Gd can be evaluated from global radiation  as 

. Kd known as the function of  Kt which is the quotient between the measured value of global radiation on horizontal surface and calculated value of extraterrestrial radiation. Measured values for global radiation on horizontal surface are obtained from the meteorological data for the given location, and those make a part of the computer program. Correlation for Kd as a function of Kt is assumed according to (3( .

Extraterrestrial solar radiation is calculated on a hourly basis and averaged for a month analyzed. At the 
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th day of the year, the extraterrestrial solar radiation is defined by
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where 

is the solar constant (1353 W/m2), d is the number of day in the year, and 

is the zenith angle of the Sun. Daily average of extraterrestrial radiation is achieved by summarizing the hourly irradiation (only when 

) and dividing the sum with the number of days in the month considered. The geometric factor 
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, the ratio of the beam radiation on the titled surface to that one on a horizontal surface is calculated for each hour for a given collector slope
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, collector azimuth angle
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, latitude 
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, and declination
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. Average geometric factor for i-th month is calculated as the mean value of Rb during the month. Average intensity of radiation necessary for the calculation of the solar collector efficiency 
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 is achieved by dividing the 
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 with the duration of  radiation, also available from meteorological data. 

Solar collectors are combined with aditive heating, such as heat pump, electric heater or oil fueled boiler, in a system shown on Fig. 1.
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Figure 1. System concept

A simple heat pump model was adopted, taking into account influence of evaporation and condensing temperatures on the coefficient of performance,according to (4(. 
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For R22 and usual types of reciprocating single stage compressors 

is achieved from (5( by pollinomial regression and is given as 

 .

Evaporating temperature depends on the heat source selected. As the heat source we can select between ambient air, sea water, river water, ground water or the soil. Heat source temperatures
[image: image24.wmf]T
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 are integral part of  the computer program, they can be changed by user, and are mainly achieved from (6(.

For the case of an intermediate heat exchanger between the source water and water circulating through the evaporator, temperature diagram is shown on Figure 2a. If the ambient air or soil are chosen, no intermediate heat exchanger is necessary and temperatures are shown on Figure 2b. Temperature differences (T1, (T2 and (T3 can be user defined to correspond the real state in the operation, and with the known  TS1 , the evaporation temperature T0 can be evaluated.
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Figure 2.  Temperature diagrams for the evaporator with (a) and without (b) intermediate heat exchanger, and for the condenser (c) of the heat pump

Temperature differences (T5 and (T6 (Fig. 2c) are also user defined values and for the known consumption water temperature Thw2 we can determine the condensing temperature T. 

The compressor work 
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can be evaluated by deviding heat demand
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 with 
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 as calculated with average values of T and T0 in considered month. With daily operation time t, which can be user defined (considering the storage size), the compressor power is found.

In the case of oil fired boiler heating, the fuel consumption is:
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where 
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is lower calorific value of the fuel and  
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 is user defined boiler efficiency which can also vary during the year. In the same manner as above, the boiler size can be determined knowing the operation time t.

When electric heating is applied, only the heater efficiency has to be considered to evaluate  energy consumption for heat production. Electric power is achieved by dividing energy consumption with operation time.

According to annuity model (3( total costs K for a system are determinated by the equipment price 
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(from known equipment size), cost of energy consumption 
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The expression for capital cost is 
[image: image38.wmf](

)

K

I

r

a

c

=

-

1

, where I is total amount of investition which is determinated during the program operation by multiplying values for collector area, boiler and electric heater power or the heat pump´s compressor power which are  calculated for the maximum consumption, with specific user defined prices of equipment.

With factor 
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 we take in account the lifetime of the equipment 
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, which can be longer than period of consideration
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. The multiplier 

takes into account price increase for the new equipment and ew is yearly rate of that increase. By multiplier 

 we consider interest, and 
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 is the interest rate. Annuity factor a is given as 

.                                                                                                                   Energy costs are calculated depending on the energy source used. If oil is used energy costs for a first year are given as product of oil consumption 
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For electric energy first year costs are achieved as the sum of consumed energy costs and power costs, and average yearly costs for the period 
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where (E is consumed energy during year, Pe price of that energy per unit, Emax (or in the case of heat pump Wmax) installed electric power of equipment and Pp electric power unit price.

Inflation influence (increasing energy costs) is taken through discount factor 

   with factor 

 and with p as the inflation rate.                                                                                                  

Maintenance costs can be calculated as 

, where with (mI) is denoted first year maintenance cost as the product of m which is the percentage of maintenance costs in the investment I. With d is denoted discount factor and with a annuity factor as before.

During the optimization process following actions take place:

1. Maximum solar collector area 
[image: image48.wmf]A

max

is determined

2. Solar collector area decreases gradually from maximum to zero

3. Necessary additional energy for heating is evaluated for each month and the whole year. Power of additive heat source is evaluated. Total costs are evaluated for the combined system. During the program, the electric heating, boiler heating and heat pump heating are examined as the only heat source, and each of them as the additive heat source for solar collector, with collector area varying from zero to maximum 

4. Optimal combination is determined as the one with lowest total costs.

3. EXAMPLE OF CALCULATION RESULTS
To show some possibilities of analysis, calculations were performed for location Lošinj in Croatia, for a tourist camp and a hotel, both  designed to accommodate 500 persons. Camp is used only during the summer part of the year, while the hotel is operating the whole year. Daily hot water consumption per person was set at 35 l for camp and 150 l for hotel. Hot water temperature was set at 45oC. Energy consumption for both facilities is shown in Fig. 3.
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Figure 3. Energy for consumption water heating during a year for camp and hotel in Lošinj

Analysis is performed to find out the optimal heating system. Energy and equipment prices taken into the consideration are at level of prices in Croatia 1998. Electric energy average price was 0,08 DEM/kWh and electric power price 11 DEM/kW monthly. EL fuel oil price was 0,77 DEM/kg. Collector price, including pipes, support and thermal accumulation is 350 DEM/m2, electric heater price 60 DEM/kW, boiler price (including pipes, fuel storage, automatic control, pumps, boiler house) was 200 DEM/kW, air to water heat pump price was 1500 DEM/kW and water to water heat pomp price 1700 DEM/kW of compressor power. Lifetime of equipment and consideration period were both assumed to be 15 years, interest rate was 14% and price increase 3%. Collector type was single glazed, with flat absorber, coefficients in (2) were 
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. For camp the collector slope was 30o, orientation was toward south. [image: image73.wmf]-
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Maximum collector area with assumed one day accumulation was 219 m2. 

First year maintenance costs were 2% of investment for collectors, [image: image74.wmf]0
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4% for boiler, 5% for heat pump and 3% for electric heater. Optimal collector area in combination with oil fired boiler was 68 m2, and in combination with electric heater 182 m2. Solar collector utilization in combination with heat pump was not found to be feasible, and the costs were minimal for the system with air to air heat pump only. 

For a hotel the collector slope was set at 45o, orientation was toward south. Optimal collector area in combination with oil fueled boiler was 617 m2, same as in combination with electric heater 617 m2. Maximum collector area with one day accumulation was 1144 m2. Solar collector utilization in combination with heat pump was not found to be feasible, and the costs were minimal for the system with water to water heat pump only. Small difference was found between the utilization of air to water or water to water heat pump with sea water as the heat source.

Figure 4. Total heating costs for the camp and the hotel
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The program proposed in this paper makes possible to analyse different collector orientation and to suit it to the consumption dynamics during the year or to specific demands depending on the possibility of collector mounting. For example, calculations were performed to evaluate solar radiation on surfaces with different slopes, oriented towards south. Results are shown in Fig. 5. Using this feature, possibility exists to analyse the influence of collector orientation on any result of calculation, such as total costs, optimal collector area etc.

Figure 5. Solar radiation on surfaces oriented towards south in Lošinj
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Analysis of the influence of market conditions on the choice of the optimal system is possible, as well as a sensitivity analysis. For example, influence of the collector price is analysed to find out the collector price which will give the advantage to the solar energy utilization rather than only heat pump using. Collector price of 250 – 300 DEM/m2 was found to be sufficient to consider use of solar collector in combination with heat pumps as aditive heating system. This fact is obvious from Fig. 6. Change of optimum collector area from 0 to 62 m2 for collector price changed from 300 to 250 DEM/m2, means that total costs for the system consisting of heat pumps and solar collectors are lower than for the heat pumps only.
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Figure 6. Influence of collector price on the optimal collector area (camp, e=3%)


Figure 7. Influence of energy price increase rate on optimal collector area (camp, collector price 350 DEM/m2)



Change in energy price influences significantly the optimal system solution. During the system analysis, different scenarios of energy price increase rate are to be considered. Figure 7. presents example of the analysis for the fixed annuity factor, but different energy price increase rates during considered 15 years. Increase of optimal collector area combined with aditive energy sources (electric, fuel fired boiler, air to water heat pump) is obvious with increase of energy prices. Initial price of collectors is 350 DEM/m2 for this example.

At present time one of the greatest problems in larger applications of solar energy systems is the current very low electric energy price in Croatia. For example, even for the collector price of 200 DEM/m2, which is hardly to be achieved, the electric system for consumption water heating in a camp with capacity of 500 persons, consisting of 18 m3 acumulating tank, and 70 kW electric heater, used during night when the power price 
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 is equal to zero and energy price 
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is 0,04 DEM/kWh, appears to be the most feasible system .

4. CONCLUSION
The developed procedure and software represent a useful tool for  analysis of optimal consumption water heating system configuration. Allthough some influence factors such as environmental impact, space demand, system changeability and flexibility etc. are omitted, satisfactory results can be achieved using proper price weighting. Multiple factors are to be taken into account, technical as well as financial, to choose the optimal system considering the viewpoint of interest. The procedure is simple, but it must be treated carefully, with correct input parameters, especially financial, to achieve at most the correct results. 

SYMBOLS

Symbol
Description
Unit

Symbol
Description
Unit










[image: image54.wmf]A


area
m2


[image: image55.wmf]T


temperature
K



 EMBED Equation.2  



fuel consumption
kg



 EMBED Equation.2  



operation time
s


[image: image56.wmf]c

w


thermal capacity
J/kgK


[image: image57.wmf]v


water consumption 
litres


[image: image58.wmf]d


day in the year (1-365)




 EMBED Equation.2  



mechanical work
J


[image: image59.wmf]E


electric energy
J



constants



[image: image60.wmf]&

E


electric power
W


[image: image61.wmf]r


density
kg/m3


[image: image62.wmf]G


solar radiation
J


[image: image63.wmf]h


efficiency




 EMBED Equation.2  



investment cost
DEM



 EMBED Equation.2  



incidence angle
o



 EMBED Equation.2  



costs for a year
DEM/a



 EMBED Equation.2  



coefficient of performance



[image: image64.wmf]n


number




 EMBED Equation.2  



collector slope
o


[image: image65.wmf]Q


thermal energy
J


[image: image66.wmf]s


ground reflectance factor



[image: image67.wmf]&

Q


thermal power
W


[image: image68.wmf]t


consideration period
years


[image: image69.wmf]R

b


geometry factor



[image: image70.wmf]q


zenith angle
o

LITERATURE

(1( Recknagel, Sprenger, H(nmann: Taschenbuch f(r Heizung und Klimatechnik, R. Oldenbourg Verlag, M(nchen, 1985.

(2(  Duffie, Beckmann: Solar Engineering of Thermal Processes, J. Willey, New York, 1980.

(3( Von Cube, H. L.:Handbuch der Energiespartechniken, Bd. 1, 2, 3. Verlag C. F. M(ller, Karlsruhe 1983.

(4(  Rietschel, Reiss: Heiz und Klimatechnik, Springer Verlag Berlin, 1968.

(5( Garms, M.: Handbuch den Heizungsingenieur, Bd. 1, VEB Verlag, Berlin, 1969.

(6(  Pavković, B.: Optimalizacija korištenja obnovljivih izvora energije upotrebom dizalice topline, Magistarski rad, Tehnički fakultet Sveučilišta u Rijeci, 1993.




� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���








� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���








[image: image78.wmf]0

50

100

150

200

250

200

250

300

350

400

450

COLLECTOR PRICE DEM/m

2

m

2

BOILER

A-W HP

ELECTRO

[image: image79.wmf]0

10000

20000

30000

40000

50000

60000

70000

80000

90000

100000

BOILER

W-W HP

A-W HP

ELECTRO

BOILER+SC

A-W HP+SC

ELECTRO+SC

W-W HP+SC

DEM/a

CAPITAL

ENERGY

MAINT.

[image: image80.wmf]-

1.000

2.000

3.000

4.000

5.000

6.000

7.000

8.000

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OCT

NOV

DEC

MONTH

Wh/m

2

b=0

b=15

b=30

b=45

b=60

[image: image81.wmf]0

10000

20000

30000

40000

50000

60000

70000

80000

90000

100000

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OCT

NOV

DEC

kWh

CAMP

HOTEL

[image: image82.wmf]0

2000

4000

6000

8000

10000

12000

14000

16000

18000

BOILER

A-W HP

ELECTRO

BOILER+SC

A-W HP+SC

ELECTRO+SC

DEM/a

CAPITAL

ENERGY

MAINT.

[image: image83.wmf][image: image84.wmf]-

1.000

2.000

3.000

4.000

5.000

6.000

7.000

8.000

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OCT

NOV

DEC

MONTH

Wh/m

2

b=0

b=15

b=30

b=45

b=60

[image: image85.wmf]0

10000

20000

30000

40000

50000

60000

70000

80000

90000

100000

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OCT

NOV

DEC

kWh

CAMP

HOTEL

[image: image86.wmf]-

1.000

2.000

3.000

4.000

5.000

6.000

7.000

8.000

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OCT

NOV

DEC

MONTH

Wh/m

2

b=0

b=15

b=30

b=45

b=60

[image: image87.wmf]0

50

100

150

200

250

200

250

300

350

400

450

COLLECTOR PRICE DEM/m

2

m

2

BOILER

A-W HP

ELECTRO

[image: image88.wmf]0

50

100

150

200

250

3%

10%

15%

20%

PRICE INCREASE RATE %

m2

BOILER

A-W HP

ELECTRO

_953094161.unknown

_953295985.unknown

_953309342.unknown

_953309954.unknown

_953312327.unknown

_953364801.unknown

_953367181.unknown

_953367409.unknown

_953371890.xls
Chart1

		200		200		200

		250		250		250

		300		300		300

		350		350		350

		400		400		400

		450		450		450



BOILER

A-W HP

ELECTRO

COLLECTOR PRICE DEM/m2

m2

215

215

219.4

212.8

61.4

219.4

68

0

215

68

0

182.1

63.6

0

68

24.1

0

61.4



Sheet1

				200		250		300		350		400		450

		BOILER		215.0		212.8		68.0		68.0		63.6		24.1

		A-W HP		215.0		61.4		- 0		- 0		- 0		- 0

		ELECTRO		219.4		219.4		215.0		182.1		68.0		61.4





Sheet2

		





Sheet3

		






_953372069.xls
Chart1

		JAN		JAN		JAN		JAN		JAN

		FEB		FEB		FEB		FEB		FEB

		MAR		MAR		MAR		MAR		MAR

		APR		APR		APR		APR		APR

		MAY		MAY		MAY		MAY		MAY

		JUN		JUN		JUN		JUN		JUN

		JUL		JUL		JUL		JUL		JUL

		AUG		AUG		AUG		AUG		AUG

		SEP		SEP		SEP		SEP		SEP

		OCT		OCT		OCT		OCT		OCT

		NOV		NOV		NOV		NOV		NOV

		DEC		DEC		DEC		DEC		DEC



b=0

b=15

b=30

b=45

b=60

MONTH

Wh/m2

1370

1676

1848

1903

1881

2500

3249

3656

3860

3881

3700

4111

4335

4491

4338

5080

5177

5042

5120

4662

6150

6080

5737

5600

4899

6800

6639

6173

5929

5079

6700

6578

6149

5964

5146

5730

5772

5547

5569

4984

4320

4620

4707

4898

4627

2900

3677

4092

4281

4267

1580

1915

2146

2234

2221

1120

1389

1474

1504

1484



Sheet1

				b=0		b=15		b=30		b=45		b=60

		JAN		1,370.00		1,676.00		1,848.00		1,903.00		1,881.00

		FEB		2,500.00		3,249.00		3,656.00		3,860.00		3,881.00

		MAR		3,700.00		4,111.00		4,335.00		4,491.00		4,338.00

		APR		5,080.00		5,177.00		5,042.00		5,120.00		4,662.00

		MAY		6,150.00		6,080.00		5,737.00		5,600.00		4,899.00

		JUN		6,800.00		6,639.00		6,173.00		5,929.00		5,079.00

		JUL		6,700.00		6,578.00		6,149.00		5,964.00		5,146.00

		AUG		5,730.00		5,772.00		5,547.00		5,569.00		4,984.00

		SEP		4,320.00		4,620.00		4,707.00		4,898.00		4,627.00

		OCT		2,900.00		3,677.00		4,092.00		4,281.00		4,267.00

		NOV		1,580.00		1,915.00		2,146.00		2,234.00		2,221.00

		DEC		1,120.00		1,389.00		1,474.00		1,504.00		1,484.00





Sheet2

		





Sheet3

		






_953372164.xls
Chart1

		JAN		JAN

		FEB		FEB

		MAR		MAR

		APR		APR

		MAY		MAY

		JUN		JUN

		JUL		JUL

		AUG		AUG

		SEP		SEP

		OCT		OCT

		NOV		NOV

		DEC		DEC



CAMP

HOTEL

kWh

0

5490

0

7320

0

10980

0

14641

2135

32026

6405

54902

21351

82353

19216

91503

4270

82353

0

27451

0

9150

0

5490



Sheet1

				CAMP		HOTEL

		JAN		0		5490

		FEB		0		7320

		MAR		0		10980

		APR		0		14641

		MAY		2135		32026

		JUN		6405		54902

		JUL		21351		82353

		AUG		19216		91503

		SEP		4270		82353

		OCT		0		27451

		NOV		0		9150

		DEC		0		5490





Sheet2

		





Sheet3

		






_953371765.xls
Chart1

		0.03		0.03		0.03

		0.1		0.1		0.1

		0.15		0.15		0.15

		0.2		0.2		0.2



BOILER

A-W HP

ELECTRO

PRICE INCREASE RATE %

m2

68

0

182

68

0

219

215

61

219

215

171

219



Sheet1

				3%		10%		15%		20%

		BOILER		68		68		215		215

		A-W HP		0		0		61		171

		ELECTRO		182		219		219		219





Sheet2

		





Sheet3

		






_953367343.unknown

_953367344.unknown

_953367262.unknown

_953366746.unknown

_953366776.unknown

_953367102.unknown

_953364902.unknown

_953365700.xls
Chart1

		JAN		JAN

		FEB		FEB

		MAR		MAR

		APR		APR

		MAY		MAY

		JUN		JUN

		JUL		JUL

		AUG		AUG

		SEP		SEP

		OCT		OCT

		NOV		NOV

		DEC		DEC



CAMP

HOTEL

kWh

0

5490

0

7320

0

10980

0

14641

2135

32026

6405

54902

21351

82353

19216

91503

4270

82353

0

27451

0

9150

0

5490



Sheet1

				CAMP		HOTEL

		JAN		0		5490

		FEB		0		7320

		MAR		0		10980

		APR		0		14641

		MAY		2135		32026

		JUN		6405		54902

		JUL		21351		82353

		AUG		19216		91503

		SEP		4270		82353

		OCT		0		27451

		NOV		0		9150

		DEC		0		5490





Sheet2

		





Sheet3

		






_953366473.xls
Chart1

		0.03		0.03		0.03

		0.1		0.1		0.1

		0.15		0.15		0.15

		0.2		0.2		0.2



BOILER

A-W HP

ELECTRO

PRICE INCREASE RATE %

m2

68

0

182

68

0

219

215

61

219

215

171

219



Sheet1

				3%		10%		15%		20%

		BOILER		68		68		215		215

		A-W HP		0		0		61		171

		ELECTRO		182		219		219		219





Sheet2

		





Sheet3

		






_953366120.xls
Chart1

		JAN		JAN		JAN		JAN		JAN

		FEB		FEB		FEB		FEB		FEB

		MAR		MAR		MAR		MAR		MAR

		APR		APR		APR		APR		APR

		MAY		MAY		MAY		MAY		MAY

		JUN		JUN		JUN		JUN		JUN

		JUL		JUL		JUL		JUL		JUL

		AUG		AUG		AUG		AUG		AUG

		SEP		SEP		SEP		SEP		SEP

		OCT		OCT		OCT		OCT		OCT

		NOV		NOV		NOV		NOV		NOV

		DEC		DEC		DEC		DEC		DEC



b=0

b=15

b=30

b=45

b=60

MONTH

Wh/m2

1370

1676

1848

1903

1881

2500

3249

3656

3860

3881

3700

4111

4335

4491

4338

5080

5177

5042

5120

4662

6150

6080

5737

5600

4899

6800

6639

6173

5929

5079

6700

6578

6149

5964

5146

5730

5772

5547

5569

4984

4320

4620

4707

4898

4627

2900

3677

4092

4281

4267

1580

1915

2146

2234

2221

1120

1389

1474

1504

1484



Sheet1

				b=0		b=15		b=30		b=45		b=60

		JAN		1,370.00		1,676.00		1,848.00		1,903.00		1,881.00

		FEB		2,500.00		3,249.00		3,656.00		3,860.00		3,881.00

		MAR		3,700.00		4,111.00		4,335.00		4,491.00		4,338.00

		APR		5,080.00		5,177.00		5,042.00		5,120.00		4,662.00

		MAY		6,150.00		6,080.00		5,737.00		5,600.00		4,899.00

		JUN		6,800.00		6,639.00		6,173.00		5,929.00		5,079.00

		JUL		6,700.00		6,578.00		6,149.00		5,964.00		5,146.00

		AUG		5,730.00		5,772.00		5,547.00		5,569.00		4,984.00

		SEP		4,320.00		4,620.00		4,707.00		4,898.00		4,627.00

		OCT		2,900.00		3,677.00		4,092.00		4,281.00		4,267.00

		NOV		1,580.00		1,915.00		2,146.00		2,234.00		2,221.00

		DEC		1,120.00		1,389.00		1,474.00		1,504.00		1,484.00





Sheet2

		





Sheet3

		






_953366362.xls
Chart1

		200		200		200

		250		250		250

		300		300		300

		350		350		350

		400		400		400

		450		450		450



BOILER

A-W HP

ELECTRO

COLLECTOR PRICE DEM/m2

m2

215

215

219.4

212.8

61.4

219.4

68

0

215

68

0

182.1

63.6

0

68

24.1

0

61.4



Sheet1

				200		250		300		350		400		450

		BOILER		215.0		212.8		68.0		68.0		63.6		24.1

		A-W HP		215.0		61.4		- 0		- 0		- 0		- 0

		ELECTRO		219.4		219.4		215.0		182.1		68.0		61.4





Sheet2

		





Sheet3

		






_953365298.unknown

_953365336.unknown

_953364903.unknown

_953364823.unknown

_953314069.unknown

_953364783.unknown

_953314053.unknown

_953310011.unknown

_953312297.unknown

_953312311.unknown

_953310081.unknown

_953310175.unknown

_953311218.unknown

_953311262.unknown

_953312119.unknown

_953312152.unknown

_953311246.unknown

_953310322.unknown

_953310332.unknown

_953310342.unknown

_953310311.unknown

_953310117.unknown

_953310055.unknown

_953309853.unknown

_953309883.unknown

_953309477.unknown

_953309689.unknown

_953309744.unknown

_953309791.unknown

_953309839.unknown

_953309726.unknown

_953309657.unknown

_953305764.unknown

_953305782.unknown

_953306568.xls
Chart1

		JAN		JAN		JAN		JAN		JAN

		FEB		FEB		FEB		FEB		FEB

		MAR		MAR		MAR		MAR		MAR

		APR		APR		APR		APR		APR

		MAY		MAY		MAY		MAY		MAY

		JUN		JUN		JUN		JUN		JUN

		JUL		JUL		JUL		JUL		JUL

		AUG		AUG		AUG		AUG		AUG

		SEP		SEP		SEP		SEP		SEP

		OCT		OCT		OCT		OCT		OCT

		NOV		NOV		NOV		NOV		NOV

		DEC		DEC		DEC		DEC		DEC



b=0

b=15

b=30

b=45

b=60

MONTH

Wh/m2

1370

1676

1848

1903

1881

2500

3249

3656

3860

3881

3700

4111

4335

4491

4338

5080

5177

5042

5120

4662

6150

6080

5737

5600

4899

6800

6639

6173

5929

5079

6700

6578

6149

5964

5146

5730

5772

5547

5569

4984

4320

4620

4707

4898

4627

2900

3677

4092

4281

4267

1580

1915

2146

2234

2221

1120

1389

1474

1504

1484



Sheet1

				b=0		b=15		b=30		b=45		b=60

		JAN		1,370.00		1,676.00		1,848.00		1,903.00		1,881.00

		FEB		2,500.00		3,249.00		3,656.00		3,860.00		3,881.00

		MAR		3,700.00		4,111.00		4,335.00		4,491.00		4,338.00

		APR		5,080.00		5,177.00		5,042.00		5,120.00		4,662.00

		MAY		6,150.00		6,080.00		5,737.00		5,600.00		4,899.00

		JUN		6,800.00		6,639.00		6,173.00		5,929.00		5,079.00

		JUL		6,700.00		6,578.00		6,149.00		5,964.00		5,146.00

		AUG		5,730.00		5,772.00		5,547.00		5,569.00		4,984.00

		SEP		4,320.00		4,620.00		4,707.00		4,898.00		4,627.00

		OCT		2,900.00		3,677.00		4,092.00		4,281.00		4,267.00

		NOV		1,580.00		1,915.00		2,146.00		2,234.00		2,221.00

		DEC		1,120.00		1,389.00		1,474.00		1,504.00		1,484.00





Sheet2

		





Sheet3

		






_953308168.xls
Chart1

		200		200		200

		250		250		250

		300		300		300

		350		350		350

		400		400		400

		450		450		450



BOILER

A-W HP

ELECTRO

COLLECTOR PRICE DEM/m2

m2

215

215

219.4

212.8

61.4

219.4

68

0

215

68

0

182.1

63.6

0

68

24.1

0

61.4



Sheet1

				200		250		300		350		400		450

		BOILER		215.0		212.8		68.0		68.0		63.6		24.1

		A-W HP		215.0		61.4		- 0		- 0		- 0		- 0

		ELECTRO		219.4		219.4		215.0		182.1		68.0		61.4





Sheet2

		





Sheet3

		






_953308660.xls
Chart1

		0.03		0.03		0.03

		0.1		0.1		0.1

		0.15		0.15		0.15

		0.2		0.2		0.2



BOILER

A-W HP

ELECTRO

PRICE INCREASE RATE %

m2

68

0

182

68

0

219

215

61

219

215

171

219



Sheet1

				3%		10%		15%		20%

		BOILER		68		68		215		215

		A-W HP		0		0		61		171

		ELECTRO		182		219		219		219





Sheet2

		





Sheet3

		






_953305799.unknown

_953304985.unknown

_953305008.unknown

_953305552.xls
Chart1

		BOILER		BOILER		BOILER

		A-W HP		A-W HP		A-W HP

		ELECTRO		ELECTRO		ELECTRO

		BOILER+SC		BOILER+SC		BOILER+SC

		A-W HP+SC		A-W HP+SC		A-W HP+SC

		ELECTRO+SC		ELECTRO+SC		ELECTRO+SC



CAPITAL

ENERGY

MAINT.

DEM/a

2243

10190

638

4173

3881

1483

673

15460

143

5408

5316

986

4173

3881

1483

10479

2212

1497



Sheet1

				BOILER		A-W HP		ELECTRO		BOILER+SC		A-W HP+SC		ELECTRO+SC

		CAPITAL		2243		4173		673		5408		4173		10479

		ENERGY		10190		3881		15460		5316		3881		2212

		MAINT.		638		1483		143		986		1483		1497





Sheet2

		





Sheet3

		






_953303256.unknown

_953303409.unknown

_953304358.unknown

_953304873.unknown

_953304948.unknown

_953304966.unknown

_953304706.unknown

_953303442.unknown

_953303366.unknown

_953303374.unknown

_953297315.unknown

_953297559.unknown

_953297792.unknown

_953303097.xls
Chart1

		BOILER		BOILER		BOILER

		W-W HP		W-W HP		W-W HP

		A-W HP		A-W HP		A-W HP

		ELECTRO		ELECTRO		ELECTRO

		BOILER+SC		BOILER+SC		BOILER+SC

		A-W HP+SC		A-W HP+SC		A-W HP+SC

		ELECTRO+SC		ELECTRO+SC		ELECTRO+SC

		W-W HP+SC		W-W HP+SC		W-W HP+SC



CAPITAL

ENERGY

MAINT.

DEM/a

9611

76942

2732

17979

19270

6388

18539

22500

6588

2883

84296

615

39312

18812

6172

18539

22500

6588

36433

28407

5266

17979

19270

6388



Chart2

		BOILER		BOILER		BOILER

		W-W HP		W-W HP		W-W HP

		A-W HP		A-W HP		A-W HP

		ELECTRO		ELECTRO		ELECTRO

		BOILER+SC		BOILER+SC		BOILER+SC

		A-W HP+SC		A-W HP+SC		A-W HP+SC

		ELECTRO+SC		ELECTRO+SC		ELECTRO+SC

		W-W HP+SC		W-W HP+SC		W-W HP+SC



CAPITAL

ENERGY

MAINT.

9611

76942

2732

21151

19270

7516

18539

22500

6588

2883

84296

615

39312

18812

6172

18539

22500

6588

36433

28407

5266

21151

19270

7516



Sheet1

				BOILER		W-W HP		A-W HP		ELECTRO		BOILER+SC		A-W HP+SC		ELECTRO+SC		W-W HP+SC

		CAPITAL		9611		17979		18539		2883		39312		18539		36433		17979

		ENERGY		76942		19270		22500		84296		18812		22500		28407		19270

		MAINT.		2732		6388		6588		615		6172		6588		5266		6388





Sheet2

		





Sheet3

		






_953297572.unknown

_953297441.unknown

_953296827.unknown

_953297043.unknown

_953295997.unknown

_953103431.unknown

_953290141.unknown

_953290388.unknown

_953291657.unknown

_953291818.unknown

_953290429.unknown

_953290178.unknown

_953290201.unknown

_953290361.unknown

_953094820.xls
Chart1

		JAN		JAN

		FEB		FEB

		MAR		MAR

		APR		APR

		MAY		MAY

		JUN		JUN

		JUL		JUL

		AUG		AUG

		SEP		SEP

		OCT		OCT

		NOV		NOV

		DEC		DEC



CAMP

HOTEL

MONTHS

kWh

0

5490

0

7320

0

10980

0

14641

2135

32026

6405

54902

21351

82353

19216

91503

4270

82353

0

27451

0

9150

0

5490



Sheet1

				CAMP		HOTEL

		JAN		0		5490

		FEB		0		7320

		MAR		0		10980

		APR		0		14641

		MAY		2135		32026

		JUN		6405		54902

		JUL		21351		82353

		AUG		19216		91503

		SEP		4270		82353

		OCT		0		27451

		NOV		0		9150

		DEC		0		5490





Sheet2

		





Sheet3

		






_952802560.unknown

_952802674.unknown

_952780791.unknown

_952798535.doc
������������������



T







T







Ti2







Thw1







Thw2







Ti1







(T5







(T6







F/F0
















_952801668.unknown

_952802036.unknown

_952802496.unknown

_952801770.unknown

_952801139.unknown

_952788122.unknown

_952797691.doc
���������������



T0







T0







F/F0







TS1







(T1







TS2







(T2
















_952797996.doc
���������������������



T0







T0







Ti2







Ti1







(T2







(T3







F/F0







TS1







(T1







TS2
















_952794918.unknown

_952780811.unknown

_952778262.unknown

_952778619.unknown

_952779506.unknown

_952780113.unknown

_952780774.unknown

_952779586.unknown

_952779296.unknown

_952778480.unknown

_952777711.unknown

