Commercial Buildings. Integrated Air Conditioning System.
1 Summary of the program.
1..1 Short description of the program.

1..1.1 Purpose / goal of the program.

The goal of this program (included in the E4 Strategy) is to promote energy efficiency through the substitution of old HVAC systems. The program seeks to be implemented in the 20% of the existing buildings, although there is no standardization in the plan regarding how to measure the impact and the savings and, in this document, engineering calculations are the basis of the evaluation performed. Other than energy savings, there are two additional factors to be considered regarding this program:

· Substitution of R22 machines with refrigerants of lower or zero GWP.

· Reduction in water consumption.
1..1.2 What type of instruments is used? 

The substitution of old machines is subsidized with up to 22% of the investment.

1..2 General and specific user category (economic sector and subgroups).

The aim of this program is commercial and more specifically, large office buildings.

1..3 Technologies involved.

This document describes the process to evaluate the energy savings in an office building by substituting a decentralized water cooled loop system with a two pipe centralized chilled water system.

A number of hypotheses are necessary to describe the problem, and evaluate the correct Energy Saving Measures. These hypotheses are:

· The building is used as offices.

· The terminal units are fan coils with a two pipe distribution system. Ventilation air is supplied via a central AHU.

· There are only cooling loads in the building.

· The existing system is composed of water cooled chillers in each section of the office, condensation water is provided via centralized cooling towers.
With this raw data, we can assume that the best measure to be applied is to substitute the existing chillers with a new centralized one chiller or group of chillers. The piping used for the condensation loop will be used for the distribution of chilled water and the cooling towers will be used for the new system too.

1..4 Relevant as a Demand Response measure? 

This measure cannot be considered an active Demand Response measure, beyond its impact in leveling the load curve.

2 Formula for calculation of Annual Net Energy Savings

2..1 Formula used for the calculation of annual net energy savings and calculation parameters (see below)

To evaluate the savings prior to installation, it is necessary to know accurately the efficiency of the existing cooling system. There are two possible approaches, use manufacturer supplied data of load vs efficiency or measure the efficiency of the system at various loads. Unless the manufacturer data is readily available and the machines have not suffered significant degradation, the second approach is desirable. 

Since we are dealing with a water condensed chiller system, outdoor temperature is not a significant variable; it will only impact upon cooling tower fan consumption and water consumption, but will have no effect in the electricity consumption of the chillers. Thus, the data to be recorded are inlet and outlet temperature and input power in the chillers. It may be difficult to take measurements in all the chillers if the number is large; in this case, a statistical approach is suggested by taking a sample of the chillers.

With this data it is possible to determine the efficiency at different loads. The useful power delivered by the chiller will be:
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With Cp the calorific capacity of water (4,18 kJ/kgK), and Flow, the mass flow of water in kg/s.

The load is determined as:
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And the COP (Coefficient Of Performance) for each load:
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The next step is to develop the annual heating load profile. To do so, it is necessary to have the electricity bills of at least a year and assume a yearly distribution which can be obtained from a variety of sources (ASHRAE, Atecyr, etc.) this will give us a table with the number of working hours per heating load in a year. With this data and the efficiency vs load of the new chiller, the savings are determined with the following equation per load fraction:
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There will also be savings in the pumping system and cooling tower fan. Nonetheless, these will be significantly smaller than the energy savings in the chiller system itself and can be ignored.

This method for calculation is based upon engineering calculations and rooted in simple relationships for performance. The only hypothesis of the model is that load will be constant before and after changing the HVAC system, this implies to accept a static baseline.

2..2 Baseline issues

The baseline is the energy consumed before the application of the measure and is considered to be static, as implied in the earlier point.

2..3 Gross to net corrections
There are no significant interactions to be considered. There is no need for normalization as there are no influence variables.
2..4 Normalization

There is no normalization

3 Input data and calculations

3..1 Parameter operationalisation.
The input data necessary for the calculations is:

· Nominal power.

· Mass flow of water in the chiller.

· Inlet and outlet temperatures.

· Electrical consumption.

· Yearly cooling load profile.

· New chiller efficiency vs load curve.

This data is to be either measured, taken from references of accepted prestige or from the equipment manufacturer.

3..2 Calculation of net annual savings as applied

Thus, applying the equations showed in the earlier point and for a nominal power of 1.000 kW, we would obtain the following table:

	Load %
	Hours per year
	Old System COP
	New System COP
	Savings (kWh)

	100%
	400
	3,1
	4,1
	31.471

	90%
	400
	3,2
	4,3
	28.779

	80%
	800
	3,3
	4,7
	57.769

	70%
	1000
	2,7
	4,9
	116.402

	60%
	1600
	2,5
	4,3
	160.744

	50%
	2200
	2,3
	3,7
	180.964

	40%
	800
	2,1
	3,1
	49.155

	30%
	400
	1,8
	2,5
	18.667

	20%
	300
	1,5
	1,9
	8.421

	10%
	100
	1,1
	1,4
	1.948

	0%
	760
	0,0
	0,0
	-


The net annual savings are the sum of the savings for each of the load fractions. With these efficiencies and load curve, and with a nominal power of 1.000 kW, the net annual savings are 654.320 kWh.

3..3 Total savings over lifetime

The expected lifetime of a chiller is around ten years, thus, savings over the whole lifetime of the chiller are to be the annual savings multiplied by ten and discounting by a factor of performance reduction of 2,5% annually over the theoretical performance.

	Year
	Nominal savings
	Discount factor
	Actual savings

	1
	                654.320   
	1
	           654.320   

	2
	                654.320   
	0,975
	           637.962   

	3
	                654.320   
	0,95
	           621.604   

	4
	                654.320   
	0,925
	           605.246   

	5
	                654.320   
	0,975
	           637.962   

	6
	                654.320   
	0,9
	           588.888   

	7
	                654.320   
	0,875
	           572.530   

	8
	                654.320   
	0,975
	           637.962   

	9
	                654.320   
	0,85
	           556.172   

	10
	                654.320   
	0,825
	           539.814   


Thus, total lifetime savings amount to 6.052.463 kWh.

4 GHG savings 
The GHG savings are determined using the medium emission factor for the national electrical system. For Spain the value is 0,360 (using as reference data from REE, and evaluated in accordance to the European Commission Directive 2007/589/CE) kg of CO2 per kWh of electrical consumption.

Thus, the annual savings of CO2 are:
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For this example, the CO2 savings are 235.555 kg per year.

There are no other GHG affected significantly by this measure other than CO2.
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