
		
			[image: Cover image]
		

	
    
      
        
          	
          	
        

        
          	
        

        
          	
            [ Article ]
          
        

        
          	Journal of the Korea Institute of Ecological Architecture and Environment - Vol. 15, No. 4, pp.37-43
        

        
          	ISSN: 2288-968X			
					(Print)
				2288-9698			
					(Online)
				
        

        
          	Print  publication date Aug 2015

        

        
          	Received  01 Jun 2015
Revised  08 Jul 2015
Accepted  10 Jul 2015

        

        
          	
            JKIEAE_2015_v15n4_37

            DOI: 
            https://doi.org/10.12813/kieae.2015.15.4.037
          
        

        
          	
            The Analysis of Life Cycle Cost and Cooling Water Circulating Pump Energy Saving According to Variable Speed Pressure Differential Setpoint Control Strategy
          
        

        
          	
            
              
                
                  Kim, Seo-Hoon
                
              

              
                
                  Kim, Jong-Hun
                
              

              
                
                  Jang, Cheol-Yong
                
              

              
                
                  Song, Kyoo-dong
                
              

            

          
        

        
          	*Han-yang Univ., South Korea takesky@kier.re.kr

        

        
          	**Building Energy Research Center, KIER, South Korea jonghun@kier.re.kr

        

        
          	***Corresponding author, Dept. of Architectural Engineering, Han-yang Univ., South Korea kdsong@hanyang.ac.kr

        

        
          	
            
          
        

        
          	
            


          
        

        
          	
ⓒ Copyright Korea Institute of Ecological Architecture and Environment

        

        
          	
            

            

          
        

      

      
        
          	
          	
        

      

      
        
          
            Abstract
          
        

        
          
            Purpose
            The study applied control strategy to reduce through optimal control and operation of pump by applying control on variable speed to the circulation pump of HVAC system in the office building. The study has the purpose to review validity of control on variable speed as ESMs(Energy Saving Measures) and establish the control technology on variable speed pump. The study performed reduction analysis of building energy and economic evaluation of pump through energy effectiveness control strategy of HVAC system.

          

          
            Method
            The study sought possible reduction through energy control strategy which can provide proper flow fitting to building load by applying control on variable speed pump. The study applied control strategy to reduce through pressure differential set-point control and operation of pump by applying control on variable speed to the circulation pump of HVAC system in the office building.

          

          
            Result
            The results showed that about 16–35% of pump energy could be saved by using these optimal control strategies. In the result of analysis on 10 years life cycle cost of analysis on payback period of initial investment pump, variable speed pump control showed 5.1 years.
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      1. Introduction
      
        1.1. Research background and objectives
        According to the structure of national energy consumption, it is reported that energy consumption by building takes 25% up in total energy consumption. The government is providing various systems and laws to save energy by fundamentally changing building energy saving pattern to save energy used in building.

        Energy used in thermal source and remission takes about 30% up of energy used in building among building energy making variable frequency drives that can reduce fan or pump power a way to conduct building energy saving efficiently. Widespread technologies of VFD have started to rapidly develop expanding its application field as the cost of VFD ( Variable Frequency Drives) gets lower. But problems regarding abstract control and optimized operation of CFD control keeps happening. Great endeavor is poured in the study that improves operation efficiency and optimum control technologies to solve this matters and optimized control algorithm about pump variable control is being studied to improve energy efficiency in field of building HVAC.

        This study analyzed the power of heat sourc and cool water circulation pump saved using variable speed differential setpoint of circulation system of central heat source system which can supply desirable flow when load occurs building for national business and performed validity verification regarding variable speed control algorithm by comparing and analyzing heat source, cool water circulation pump power data in actuality of target buildings that above strategy is applied. Besides it also analyzed variable speed control strategies regardfing economics of pump and energy saving potential of buildings along with validity as building ESMs(Energy Saving Measures).

      

      
        1.2. Contemplation of pilot studies
        This study contemplation following pilot studies to analyze pump economics and power of heat source, cool water circulation depending on the methods of circulation pump shift control of HVAC system in domestic office buildings. A.M. Georgescu et.al1) studied methods to predict efficiency of variable speed circulation pump analyzing pump power saved through this. Zhenjun Ma et.al2) performed a study about saving rate of pump power presenting optimum control strategies about variable speed pump and structure of heating and cooling system. X.Q. Jin et al3) optimized control over cooling system and analyzed building energy consumption forming 3 energy saving strategies based on simulations by setting flow of circulation system as variable flow volume. Pemberton M et. al4) analyzed LCC and pump power saving rate according to control optimization and pump efficiency applied in the system by applying saving control strategies optimized. L.Lu et al5) analyzed energy saving rate of HVAC circulation system by pumping system control through optimization of differential pressure setpoint receiving information provided in system structure factors and as well analyzed the features of interaction between system components (cold water supply temperature, differential pressure sensor, temperature sensor) and system applied individually to minimize energy saving of circulation system.

        This research analyzed the power of heat source and cold water circulation pump saved by applying variable speed control strategies of HVAC system in domestic office buildings based on the contents of pilot studies and verified validity of control algorithm and these control strategies by collecting power data of heat source and cold water circulation pump of actual buildings.

      

    

    

  
    
      2. Interpretation model of simulation
      
        2.1. Summary of target buildings and interpretation condition
        The target model is F building located in Seoul, an office building with 10 stories above the ground, 3 stories below the ground. Design Builder 2.4 and EnergyPlus 8.1, active thermal interpretation program, were used to conduct modeling of this building and ESP Plus, Wincaps pump solution program were used for modeling of pumping system. Besides, automatic control of pump was produced and TwinCAT program which can apply, simulate PLC(Programble Logic Controller) was utilized. Input data of target buildings had its information input such as weather data of Seoul, exterior of building, lights, design condition of electric heater, factors of system (heat source system, air distribution system, resources of pumping system, system efficiency, system operation schedule, system efficiency curve). Data value presented as initial design value and actual value used in the buildings were put. Table 1 shows summary of building outline and facility system.

        Information of factors needed inside the building (occupants, lighting devices, equipment) was put for internal heat amount generated. First, lighting and equipment determined the number and electricity capacity based on building design value of target building and the number of occupants were set as shown in Table 2. Table 3 shows outer temperature condition and energy consumption amount was interpreted using climate data of Seoul where target building is located. As objective data as possible is needed for input since energy that buildings save can be affected by very various factors. Thus, observation data by building operation and floor plan analysis of target buildings was applied as simulation input data. Data of efficiency breakdown by types at initial stage of building was applied in material property of wall,  slave, roof, window which are building exterior conditions in this research and usage schedule information of equipment, lighting, working schedule and number of occupants of buildings that act as indoor load of the building was put as average input values referring to actual operation data. Table 4, 5 shows operation schedule and exterior condition of target buildings.

        
          Table 1. 
				
          

          
            Overview of the target building and HVAC systems.
          
          

        

        
          
            
              	Classification
              	Outline
            

          
          
            	Location
            	Seoul, F Building
          

          
            	Scale
            	B3F – 10F
          

          
            	Total floor area
            	22,857.40㎡
          

          
            	Zoning
            	Office, Conference room, Hall, Seminar room
          

          
            	Heating and Cooling system
            	Absorption chiller × 2ea
Hot-Water boiler × 2ea, EHP
          

          
            	Air conditioning
            	VAV AHU, Fan Coil Unit
          

          
            	Pump system
            	4ea, flow : 3,484[l/m] head : 31[m], power : 15[kw]
          

        

        

        
          Table 2. 
				
          

          
            Design condition.
          
          

        

        
          
            
              	Classification
              	Occupancy (person/m2)
              	Lighting (W/m2)
              	Equipment (W/m2)
            

          
          
            	Office
            	0.2
            	7.8
            	20
          

          
            	Lobby
            	0.1
            	10.4
            	-
          

          
            	Seminar
            	0.4
            	9.7
            	-
          

          
            	Hall
            	Seat
            	13.5
            	-
          

        

        

        
          Table 3. 
				
          

          
            Outdoor temperature conditions.
          
          

        

        
          
            
              	Classification
              	Dry-bulb temperature
              	Wet-bulb temperature
              	TAC
            

          
          
            	Summer season
            	31.2
            	25.5
            	TAC 2.5%
          

          
            	Winter season
            	-11.3
            	RH 63%
            	TAC 2.5%
          

        

        

        
          Table 4. 
				
          

          
            Design condition.
          
          

        

        
          
            	External Wall
            	U-Value [W/(m2·K)]
            	0.245
          

          
            	Roof
            	U-Value [W/(m2·K)]
            	0.317
          

          
            	Floor
            	U-Value [W/(m2·K)]
            	0.324
          

          
            	Window
            	U-Value [W/(m2·K)]
            	2.6
          

          
            	Infiltration
            	ACH(1/h)
            	1.5
          

        

        

        
          Table 5. 
				
          

          
            Internal heat gain schedules.
          
          

        

        
          
            	

Occupancy Schedule
          

          
            	

Lighting Schedule
          

          
            	

Equipment Schedule
          

        

        

      

      
        2.2. Summary of HVAC circulation system
        Figure 1 shows diagram of HVAC circulation system of target buildings. Cold water pipe of load side equipment is composed of variable flow system using two-way valve and made into a structure that can change the number of device operated by applying open and close vibration valve in front of cold water inlet of each heat source. Also, differential pressure sensor was applied in front and back of conditioning equipment at maximum distance where cold water flows. (Maintain the normal state by detecting differential pressure of terminal conditioning equipment at farmost distance from a machine room)

        
          
          

          Fig 1. 
				
          

          
            Variable speed pump control HVAC system diagram
          
          

          

        

      

      
        2.3. Strategies of variable speed control of circulation pump
        
          (1) Law of similarity
          This research applied control strategies that can provide flow to deal with partial load by differently operating the number of pump rotations through variable speed control. Law of similarity of pump was applied to analyze pump power, pump flow, lift head of fluid and efficiency change of pump regarding control over number of pump rotations. The flow Q[m3/min] changes in proportion with the number of rotations and lift head H[h] changes in proportion with the square of number of rotations, with axial power P[rpm] changing in proportion with third power of number of rotations. Pump efficiency increases up to maximum level depending on the increase in number of pump rotations then decrease and lift head decreases after the maximum value with power gradually increasing. It is the rated speed of the cool water circulation pump of the building of the study 3570rpm, rated revolutions of cold water circulation pump of target buildings, maximum efficiency point exists in range of 30-50% of flow. Following shows relation between flow, lift head and axial power.
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          Q : volumetric flow rate [L/s]
N : shaft rotational speed [rpm]
H : pressure or head developed by the pump
P : shaft power [W]

          This research used pump model polynomial of W.P Bahnfleth, E. Peyer6) to evaluate possibility of cold water circulation pump design and pump energy usage. Pump head and efficiency features were applied expanding operating point of variable speed pump by using pump law of similarity based on data of pump manufacturers. VFD set of variable speed pump motor is composed of pump efficiency(ηp ), motor efficiency(ηm ), VFD efficiency(ηυ ). Motor efficiency(ηm ) calculated demand quality of pump motor using equation(4), variable speed pump motor consumption (Wp ) calculated by applying flow, head, pump, motor, VFD efficiency values presented in Table 6 to equation (6).

          
            Table 6. 
				
            

            
              Variable speed pump modeling performance data.
            
            

          

          
            
              
                	Load (%)
                	Flow (L/s)
                	Head (kPa)
                	Pump Eff. (%)
                	Drive/ Motor Eff (%)
                	Wire/Water Eff (%)
              

            
            
              	Single Pump Operation
            

            
              	20
              	13.0
              	44.3
              	67.84
              	84.80
              	57.5
            

            
              	40
              	26.0
              	54.4
              	74.18
              	84.46
              	62.7
            

            
              	Two Pump Operation in Parallel
            

            
              	50
              	17.8
              	61.9
              	68.24
              	84.57
              	57.7
            

            
              	17.8
              	61.9
              	68.24
            

            
              	60
              	22.4
              	71.1
              	70.27
              	84.3
              	59.2
            

            
              	22.4
              	71.1
              	70.27
            

            
              	70
              	28.6
              	82.0
              	71.67
              	84.00
              	60.2
            

            
              	28.6
              	82.0
              	71.67
            

            
              	80
              	32.3
              	94.5
              	72.63
              	83.69
              	60.8
            

            
              	32.3
              	94.5
              	72.63
            

            
              	90
              	38.5
              	108.7
              	73.29
              	83.37
              	61.1
            

            
              	38.5
              	108.7
              	73.29
            

            
              	100
              	44.7
              	124.6
              	73.72
              	83.04
              	61.2
            

            
              	44.7
              	124.6
              	73.72
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          Mw : measured flow [L/s]
H : pump head [m]
ηυ,m,p : VFD, motor, pump efficiency [%]
SG : water specific gravity [kg/m3]
x : pump shaft horsepower [HP]

        

        
          (2) Variable speed control strategies of circulation pump (differential pressure setpoint control)
          This research conducted modeling applying pump variable speed control like Figure1 through control strategies on differential setpoint to HVAC circulation system. Differential pressure controller is installed at return pimp of conditioning equipment at the terminal system and it is made so that control valve operates automatically as secondary change due to load change is provided as variable flow amount needed depending on the pressure change in upper and lower diaphragm after setting pressure according to differential pressure at supply and retrieval inside the pipe primarily through differential pressure control valve acknowledging it through tube pipe connected to supply pipe. Contents presented in ASHRAE Handbook-Applications7) was referred to for control algorithm of setpoint control and Figure 2 shows the procedures. OS (open signal) was determined thanks to over and below information of ε value (set as 2) set in this research using supplied air temperature information (Tsetpoint ) of conditional equipment and indoor air temperature (Tm ). Pressure and flow are decreased by reducing the number of motor rotations of pump to maintain set differential pressure (PDset, I)

          inside the system when open signal becomes below 70% and in comparison, differential setpoint optimum care was done to constantly maintain the set differential pressure by increasing pressure and flow and number of pump motor rotations when open signal exceeds 90%. Average change ratio of flow control valve open and average change ratio of differential ratio because of it according to the change in load in summer of simulation in accordance with procedures of algorithm were calculated through simulation calculations and Figure 3 shows the graph of its result values. It was analyzed that open signal of flow control valve and average change ratio of differential pressure setpoint are controlled between 100-200kPa of setting value of differential pressure and 60-70% of open signal to deal with partial load in case of middle term (May, October) and controlled between 250-400kPa of setting value of differential pressure and 70-90% of open signal to deal with partial load and full load in case of summer (June-September). Thus pump energy was saved because of reduced flow resistance of system through differential pressure setpoint control and pump and heat source power was saved as well dealing with partial load by carrying out setpoint control of differential pressure through information of flow control valve open.

          
            
            

            Fig. 2 
				
            

            
              The pressure differential set-point optimizer.
            
            

            

          

          
            
            

            Fig. 3 
				
            

            
              Changing of the △p & biggest openness valve position OSmax.
            
            

            

          

        

      

      
        2.4. Simulation model modification and validity verification
        This research compared modified simulation result value to the result data of heat remission and source pump power of actual buildings where control strategic models were applied to verify the validity and modification of modeling of variable speed control strategy of circulation pump conducted in this research. Input value as well was modified by analyzing the causes of error when errors of actual energy consumption and simulation energy consumption are frequent through model verification procedures. Heat source and remission power were compared with yearly consumption and monthly consumption then error rate is analyzed, conducting modeling modification work analyzing error rate using modification equation of monthly data of M&V Guidelines.

        Error calculation used MBE (Mean Bias Error, equation(7)), coefficient of variation(Cv(RMSE), Coefficient of Variation of Root Mean Square Error), equation (10)). Table 7 shows allowed range of MBE, Cv(RMSE), which are below ±5%, 15% monthly each. Table 8 shows calculation result and errors.

        
          Table 7. 
				
          

          
            Acceptable Calibration Tolerances.
          
          

        

        
          
            
              	Calibration Type
              	Index
              	Acceptable Value
            

          
          
            	CV(RMSE) (month)
            	
              MBE month
            
            	± 5 %
          

          
            	Cv(RMSE)
            	15 %
          

        

        

        
          Table 8. 
				
          

          
            Calculations to determine monthly model calibration.
          
          

        

        
          
            
              	Month
              	EnergyPlus Simulated kWh (S)
              	2014 Measured kWh (M)
              	S-M
              	MBE
              	Squared Error
            

          
          
            	May
            	1588.8
            	1474.4
            	114.4
            	7.2%
            	13,087.36
          

          
            	Jun
            	2418.4
            	2248.4
            	170
            	7.0%
            	28,900
          

          
            	Jul
            	2943.4
            	3173.2
            	(229.8)
            	-7.8%
            	52,808.04
          

          
            	Aug
            	3214.4
            	3435.5
            	(221.1)
            	-6.8%
            	48,885.21
          

          
            	Sep
            	1847.8
            	1668.4
            	179.4
            	9.7%
            	32,184.36
          

          
            	Oct
            	1047.4
            	918.8
            	128.6
            	12.3%
            	16,537.96
          

          
            	Total
            	13,060.2
            	12,918.7
            	1,043.3
            	1.1%
            	1,0088,475
          

          
            	Overall Results : MBE month 1.1%
                         : Cv(RMSE) 7.4%
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        Smonth : simulated energy consumption [kWh]
Mmonth : measured energy consumption [kWh]
A : mean of the measured energy consumption [kWh]

      

    

    

  
    
      3. Analysis result
      This research analyzed the power of cool water circulation pump saved by applying control over number of rotations of circulation pump according to setpoint strategies of differential pressure of pump through number calculation and simulation. The degree of relative consumption power change of pumping system and efficiency depending on the changes in the number of pump rotations was estimated by applying pump law of similarity and it was verified that it is efficient energy saving factor of variable speed control of pump through data, information of head and power consumption, rotation speed (rpm), pump flow. Table 9 shows comparison of power consumption of cold water circulation on average of summer depending on control strategies of setpoint control of differential pressure. Equation (6) was used to calculate pump power by applying control over the number of pump rotations by load rate through induction of average load rate of summer (June~ September) and spring and fall (May, October) that use cold water supply for building cooling. It was calculated that about 35.3% of power is saved as a result of comparing expected pump consumption of control over the number of pump rotations through differential pressure setpoint strategy and Non-VFD by average load rate by time through average valve open signal information during working hours (7am-20pm) of seasons. Summer showed about 16.8% saved pump power. Spring and fall did not show big effect from the result of comparison to Non-VFD since pump is usually fully operated in the period of peak load in case of summer while reduction rate is high because of many numbers of pump rotations due to long partial load compared to summer. This result predicted pump reduction rate using ESP Plus, Wincaps that are pump solution and number calculation of pure pump power of cold water circulation and heat source, remission power was analyzed to be 19.5% of reduction rate with 13,060.2 kWh where about 3,170 kWh is reduced compared to the state before variable speed control application when there is control linked to HVAC system and pump control upon performing control over the number of pump rotations applying setpoint control strategies of differential pressure presented in About 20% of energy saving effect exists when setpoint control of differential pressure but reduction amount was shown less compared to other pilot studies. The reason for it is design flow condition is not accurately designed although design flow is made to be provided inside the circulation system by maintaining primary side pressure balance of flow distribution system where flow changes through setpoint control of variable speed differential pressure. Thus differential pressure of back and front flow control valve increased because it is not ideally controlled due to imbalance in setting point of pressure inside the system. It is considered that there has been power waste since extreme pump control has been carried out than the needed flow due to increase in differential pressure and reduction rate of pump power of heat source and cold water circulation was not drawn exactly. Thus it is planned to realize the module that prevents unnecessary operation of pump by keeping initial differential pressure steadily always maintaining normal operation state despite the shifts in pressure at front and back of side primary flow control valve of pumping system by modifying setting point of pressure and applying PDCV (Pressure Differential Control Valves) additionally on the valve of flow control for future studies.

      
        Table 9. 
				
        

        
          Comparison of the average pump power difference according to the VFD application.
        
        

      

      
        
          
            	Early[late] Summer season (5, 10)
          

          
            	Houly
            	Non-VFD
            	Differential pressure setpoint control
          

          
            	% of Total Pump HP On-Line
            	Operation power (kW)
            	Fan Speed (%)
            	Operation power (kW)
          

        
        
          	7
          	40
          	14.9
          	10
          	5.5
        

        
          	8
          	40
          	14.9
          	20
          	9.4
        

        
          	9
          	40
          	14.9
          	20
          	9.4
        

        
          	10
          	40
          	14.9
          	20
          	9.4
        

        
          	11
          	40
          	14.9
          	30
          	12.1
        

        
          	12
          	40
          	14.9
          	40
          	14.9
        

        
          	13
          	80
          	28.3
          	50
          	18.7
        

        
          	14
          	80
          	28.3
          	40
          	14.9
        

        
          	15
          	40
          	14.9
          	40
          	14.9
        

        
          	16
          	40
          	14.9
          	20
          	9.4
        

        
          	17
          	40
          	14.9
          	20
          	9.4
        

        
          	18
          	40
          	14.9
          	20
          	9.4
        

        
          	19
          	40
          	14.9
          	20
          	9.4
        

        
          	20
          	40
          	14.9
          	10
          	5.5
        

        
          	Total
          	235.4
          	-
          	152.3
        

        
          	Energy saving rate
          	35.3 %
        

      

      
        
          
            	Summer season (6~9)
          

          
            	Houly
            	% of Total Pump HP On-Line
            	Operation power (kW)
            	Fan Speed (%)
            	Operation power (kW)
          

        
        
          	7
          	40
          	14.9
          	20
          	9.4
        

        
          	8
          	40
          	14.9
          	40
          	14.9
        

        
          	9
          	80
          	28.3
          	60
          	21.4
        

        
          	10
          	80
          	28.3
          	70
          	23.8
        

        
          	11
          	40
          	14.9
          	30
          	12.1
        

        
          	12
          	40
          	14.9
          	30
          	12.1
        

        
          	13
          	80
          	28.3
          	50
          	18.7
        

        
          	14
          	80
          	28.3
          	80
          	26.3
        

        
          	15
          	80
          	28.3
          	80
          	26.3
        

        
          	16
          	40
          	14.9
          	40
          	13.8
        

        
          	17
          	40
          	14.9
          	40
          	13.8
        

        
          	18
          	40
          	14.9
          	30
          	12.1
        

        
          	19
          	40
          	14.9
          	30
          	12.1
        

        
          	20
          	40
          	14.9
          	20
          	9.4
        

        
          	Total
          	260.7
          	-
          	216.8
        

        
          	Energy saving rate
          	16.8 %
        

      

      

    

    

  
    
      4. Analysis of pump economics
      
        4.1. Cost calculation of pump lifecycle
        Lifecycle cost of pump refers to the cost generated during its lifespan from purchase to installment, operation, maintenance and waste disposal. Cost calculation of pump lifecycle decided resource, price of pump using data from cost guidelines for pump system lifecycle of hydraulics made by energy department of United States and pump companies in Europe applied in pump solution(Wincaps, ESP Plus)8 ) and calculated using equation of lifecycle cost. Pump system of VFD application had its lifecycle cost of pump system calculated dividing it into items such as average consumption, operating hours, operating period, initial investment in pump, maintenance cost, energy cost regarding cold water circulation pump parts of HVAC system. Table 10 shows items of lifecycle cost done in this study.

        ① Items of average consumed power was analyzed with kWh, energy usage per unit area. ② Daily operating hours of pump were calculated applying 12-hour schedule approximately ③ and operating period was calculating after being set as 145 days except holidays, mondays in number of days from May to October when cold water supply is used. ④ Period of cost calculation of pump lifecycle was based on 10 ears ⑤ and total energy consumption was calculated by multiplying 10 years which is calculating period of lifecycle, number of days, operating hours used for pump operation. ⑥ Lifecycle was calculated by calculating electricity cost of summer of choice 1, general electricity high pressure as an average value after April first in 2015. ⑦ Installment cost of pump was calculated based on data provided for G pump company and pump price presented in Wincaps, ESP Plus, which are pump solutions. ⑧ Maintenance cost was calculated based on contents presented in guidelines of Pump Life Cycle Cost of pump system by America hydaulics. Finally, ⑨ energy cost was calculated as the value that total energy consumption is multiplied with electricity cost. Lifecycle cost of pump is composed of factors below and LCC is as same as equation below(11).
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        Cic : initial costs, purchase price(pump, system, pipe)
C∈ : installation and commissioning cost
Ce : energy cost
Co : operation costs
Cm : maintenance and repair costs
Cs : down time costs
Cenυ : environmental costs
Cd : decommissioning/disposal costs

        
          Table 10. 
				
          

          
            Comparison of Life cycle cost
          
          

        

        
          
            
              	]Input
              	
              	Non-VFD
              	Variable speed pump Replacement
            

          
          
            	Weighted average power of equipment
            	kW
            	49.6
            	36.9
          

          
            	Average operating hours
            	hours
            	12
            	12
          

          
            	Average operating years
            	days
            	145
            	145
          

          
            	Period
            	years
            	10
            	10
          

          
            	Total energy consumption
            	kWh
            	863,040
            	642,060
          

          
            	Electricity pricing
            	won/kWh
            	80.5
          

          
            	Initial investment cost
            	won
            	6,500,000
            	14,500,000
          

          
            	Maintenance cost
            	won
            	2,500,000
            	4,500,000
          

          
            	Energy cost
            	won
            	69,474,720
            	51,685,830
          

          
            	LCC10
            	won
            	78,474,720
            	70,685,830
          

        

        

        Table 11 shows installment cost and retrieval period of LCC10 cold water circulation pump of setpoint strategies of differential pressure of variable speed control and Non-VFD system of HVAC water pipe system conducted in this research. It was analyzed that about 7,800,000 won is saved in lifecycle of variable speed control strategies compared to Non-VFD as energy cost through pump operation decreases as a result of considering total lifecycle cost of LCC10 although maintenance cost and initial investment of differential pressure setpoint control strategies of variable speed are high compared to that of Non-VFD. Thanks to this result, it was analyzed the investment can be retrieve within about 5.1 years when variable speed control strategies of circulation pump are applied.

        
          Table 11. 
				
          

          
            Comparison pump LCC10 & payout time.
          
          

        

        
          
            
              	
              	Non-VFD (won)
              	Variable speed pump Replacement (won)
            

          
          
            	-
            	6,500,000
            	14,500,000
          

          
            	1 year
            	13,697,472
            	20,118,583
          

          
            	2 year
            	20,894,944
            	25,737,166
          

          
            	3 year
            	28,092,416
            	31,355,749
          

          
            	4 year
            	35,289,888
            	36,974,332
          

          
            	
              5 year
            
            	
              42,487,360
            
            	
              42,592,915
            
          

          
            	
              6 year
            
            	
              49,684,832
            
            	
              48,211,498
            
          

          
            	7 year
            	56,882,304
            	53,830,081
          

          
            	8 year
            	64,079,776
            	59,448,664
          

          
            	9 year
            	71,277,248
            	65,067,247
          

          
            	10 year
            	78,474,720
            	70,685,830
          

          
            	Payout time
            	-
            	
              5.1 year
            
          

        

        
          
            *Cleaning / inspection / maintenance : 1 year, Parts replacement : 2-3years
          

        

        

      

    

    

  
    
      5. Conclusion
      This research predicted energy consumption generated through control over the number of pump rotations and analyzed circulation pump power of heat source and cold water saved applying setpoint control strategies of variable speed of cold water circulation pump of HVAC system. Then it analyzed economics of LCC10 of pump and verified validity regarding algorithm of variable speed control of this research by comparing and analyzing power data of circulation pump of actual heat source and cold water of target buildings. Followings are research results.

      (1) About 16.8% in summer, 35.3% in spring and fall was saved as a result of comparing pump consumption performing control over the number of pump rotations by applying setpoint control strategies of variable speed differential pressure. Also it was analyzed about 19.5% of pump power of heat source and cold water is saved when there was control linked to HVAC system.

      (2) About 7,800,000 won was saved as a result of analyzing LCC10 by comparing yearly energy consumption and initial investment of setpoint control strategies of differential pressure and the case of Non-VFD and the retrieval period for intial investment was analyzed to be 5.1years. Thus, setpoint control of differential pressure is considered to be proper for economic design methods.

      Setpoint control strategies of differential pressure which is variable speed control of circulation pump of HVAC system was determined as an efficient energy factors that can save building energy.

      A future study to solve problems that keeps happening because of increase in differential pressure at back and front of side flow control valve of setpont control system of differential pressure is to be carried out for follow-up.
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