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            Abstract
          
        

        
          
            Purpose
            In order to upgrade the energy performance of existing building, energy audit stage should be implemented first because it is useful method to find where the problems occur and know how much time and cost consumption for retrofit. In overseas researches, three levels of audit is proposed whereas there are no standards for audit in Korea. Besides, most studies use dynamic simulation in detail like audit level 3 even though the level 2 can save time and cost than level 3. Thus, this paper focused on audit level 2 and proposed the audit method with the simple linear regression analysis model.

          

          
            Method
            Two parameters were considered for the simple regression analysis, which were the monthly electric use and the mean outdoor temperature data. The former is a dependent variable and the latter is a independent variable, and the building’s energy performance profile was estimated from the regression analysis method. In this analysis, we found the abnormal point in cooling season and the more detailed analysis were conducted about the three heat source equipments.

          

          
            Result
            Comparing with real and predicted models, the total consumption of predicted model was higher than real value as 23,608 kWh but it was the results that was reflected the compulsory control in 2013. Consequently, it was analyzed that the revised model could save the cooling energy as well as reduce peak electric use than before.
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      1. Preface
      
        1.1. Background & Purpose of This Study
        The government recently established the first basic plan for constructing green buildings in order to reduce green gas which is generated from buildings by 26.9% compared to BAU (Business As Usual) until 2020.

        Since the importance of energy performance improvement for the existing buildings rather than new ones gets bigger as a country becomes an advanced one, the Korean government has planned to improve the energy performance of the existing buildings through the application of ‘Energy Performance Improvement Standards for Existing Buildings’ from the first half of 2015. This is an effort to improve the energy performance or efficiency as a green remodeling project for reducing the cooling/heating loads and energy consumption of the existing buildings and especially it is intended to encourage the expansion of green buildings to the private area after applying it for the public area first.

        However, for the domestic green remodeling projects which have been implemented as pilot projects in the public area since 2013 in order to expand the green buildings and to establish the guidelines on green remodeling, the performance improvement of the building envelopes has been induced by subsidizing for the construction costs in the areas related to the building envelop systems preferentially such as the insulation of walls, the replacement of windows and doors and the airtightness performance improvement, etc. In addition, it is intended to improve the performance through some supporting services such as the evaluation of the status of aged buildings (Green Clinic) and the design consulting (Green Coach), etc., in order to enhance the performance of the projects. However, it is in the situation that there are insufficient specific studies for diagnosing the energy use status of buildings quantitatively and for establishing the realizable strategies. And especially, since it is somewhat hard to get some detailed information on the buildings from most of the existing buildings, it is important to closely audit such buildings by using various kinds of equipment or simulations, but also it is very important to audit the energy performance of the target buildings and the problems while being used by using only some kinds of essential information.

        Thus, in this study, it is intended to suggest some methods for diagnosing the energy performance of buildings by using some relatively simple and economic statistical approaching methods compared to some simulation methods only with some kinds of information which was collected for enhancing the effects of the green remodeling projects that have been implemented by the government until now and also is intended to provide with some basic information for establishing the guidelines for diagnosing when implementing the green remodeling projects for the existing buildings by analyzing the effects.

      

      
        1.2. Methodology and Scope of This Study
        According to the existing studies, it was found that the effects were big only when implementing the energy performance improvement projects centered on the relevant buildings in the size, 500~10,000m2. Furthermore, according to ‘Advanced Energy Retrofit Guide for Office Building’ as a foreign energy performance improvement guideline, the audit levels can be chosen from Level 1 to 3 depending on the economic conditions of the building owners when deciding the audit level for the target buildings and the costs to be used for and scope of each level are shown in Fig. 1. In addition, for ASHRRAE Standards, the audit levels are divided into 4 ones in order to improve the energy performance improvement of buildings. And the goals and scopes of each level are shown in Table 1. Especially, the scope of conducting a real audit is divided into Level 1 to 3. And as the level goes up, the works done in the previous levels in common are also done. And since the approaching methods can be different by a little depending on the characteristics of buildings, the level 2 and 3 are not distinguished clearly.

        
          
          

          Fig 1. 
				
          

          
            The range of audit costs are estimated based on market research and previous estimates by the California Energy Commission (2000)
          
          

          

        

        
          Table 1. 
				
          

          
            Four levels of efforts in Audit process
          
          

        

        
          
            
              	Information
              	Historic utility use and
Cost
              	Benchmarking (EUI)
              	Utility bills
              	Energy Consuming
Equipments
              	All Systems
              	Required Time/ Cost
              	Confidence/ Accuracy
              	Purpose
            

            
              	Items
            

          
          
            	Preliminary Energy Use Analysis
            	X
            	X
            	
            	
            	
            	
            	
            	To set a goal and baseline
          

          
            	Level 1 : Walk-Through Analysis
            	X
            	X
            	X
            	X
            	
            	N/L
            	L
            	To identify doubtable factor
          

          
            	Level 2 : Energy Survey and Analysis
            	X
            	X
            	X
            	X
            	X
            	L/M
            	M
            	To improve operation
          

          
            	Level 3 : Detailed Analysis of Capital-Intensive Modifications
            	X
            	X
            	X
            	X
            	X
            	H
            	H
            	To eliminate end-use waste
          

        

        
          
            Note: N: No, L: Low, M: Medium, H: High
          

        

        

        However, unlike the foreign cases mentioned above, it is in the situation that the standards or guidelines on the audits are incomplete in Korea yet. Moreover, in many domestic studies, there are used some strategies for improving the energy performance through some calibration works between the simulations and the real consumption of energy by using some dynamic simulations such as 'Energy Plus' as the level 3. Such a method has a strength that the accuracy is high, but a weakness that much time and cost must be spent for realizing almost the same simulations as the target buildings.

        Therefore, in this study, it is intended to follow the following process in order to analyze the effects of the diagnosing methods quantitatively from the operational aspect at level 2 for establishing the guidelines on the domestic green remodeling audits.

        
          	(1)Figure out the characteristics of a simple linear regression analysis method which is relatively simpler compared to the simulation methods.


          	(2)Analyze the energy consumption status of the target buildings and the energy performance profiles by applying the simple linear regression analysis method after selecting the relevant office buildings targeted for green remodeling.


          	(3)Analyze the effects by comparing the actually measured data and the calibrated data after deducting and improving the problems through the audits.


        

      

    

    

  
    
      2. Simple Linear Regression Analysis Method
      The methods for calculating and modeling the energy consumption of buildings can be broadly divided into two approaches, that is, a Forward (Classical) Approach and a Data-driven (Inverse) Approach. The former is a method for estimating the results based on the given information and it is idealistic when designing a building or a system. On the other hand, the latter is a method for deciding the mathematical explanations on the system and the parameters of the system under the situation that the input values and the output ones are known. It can be said that a Simple Linear Regression Analysis Model is a method belonging to the latter. And it can be said that the model is more appropriate method when retrofitting the completed buildings by statistically analyzing the correlation with the various kinds of variables such as energy consumption which is calculated and measured at the steady state and climates and the schedule of a person in a room. In 2002, ASHRAE suggested an Inverse Model Toolkit (IMT) in order to evaluate the energy reduction quantity of buildings based on the actual consumption by enhancing the method, PRISM (Princeton Scorekeeping Method) which was developed for housing as such a regression method in eary 1980's. The model became applicable even for commercial buildings after subdividing a model having 5 parameters by using the outside temperature as an independent variable and the energy consumption as a dependent variable.

      Especially, such a method indicates the degree of correlation by using the coefficient of determination(R2) as the correlation between the independent and dependent variables. The method has a strength that can predict the future values depending on the changes in independent variables after deducting a prediction equation by using such a correlation. In addition, such a method is a kind of empirical one. And since it is relatively simple, it can be used in various situations. So, it is used most widely and also is useful in finding out some strategies with which can save some energy from the actual buildings.

    

    

  
    
      3. Case Analysis
      
        3.1. Selection of Target Buildings & Information Gathering
        The target buildings for green remodeling are the ones which more than 15 years have passed after obtaining the use approval certificate and have bigger than 3,000m2 of gross floor area. Thus, in this study, the G research building of the K Research Institute which is located in Daejeon Metropolitan City was selected as the target building. The information on the target building which was obtained through a pre-site work is shown in Table 2.

        
          Table 2. 
				
          

          
            G-Building outlines
          
          

        

        
          
            	Basic Information
          

          
            	The time of completion
            	2001
          

          
            	Location
            	Dae-jeon, Korea
          

          
            	Usage
            	Office
          

          
            	Gross floor area
            	6,164.8 m2
          

          
            	Structure
            	Steel-frame Structure
          

          
            	Stories
            	B1 / 1F ~ 5F
          

          
            	Occupant
            	210 people (Max)
          

          
            	Light density
            	17.05 W/m2
          

          
            	Office Appliance density
            	9.31 W/m2
          

          
            	Envelope Information
          

          
            	Roof (W/m2K)
            	T100 Concrete + T80 Insulation (0.35)
          

          
            	Wall (W/m2K)
            	T30 Granite Burner + T3 AL. Sheet (0.58)
          

          
            	Floor (W/m2K)
            	T240 Concrete + T20 Mortar (0.64)
          

          
            	Window (W/m2K)
            	T24 Color Double-pair glass (2.69)
          

          
            	Equipment Information
          

          
            	Type of HVAC
            	Central HVAC system (AHU)
          

          
            	HVAC Area
            	AHU-1 (EHP) - South/West (1F~5F)
          

          
            	AHU-2 (EHP) - North(Core)/South/East (B1~5F)
          

          
            	AHU-3 (Chiller, Boiler) - Lobby(1F)
          

          
            	AHU-4 (DX) - Conference room(2F)
          

          
            	Heat Source (EA)
            	Chiller(2), Boiler(1), EHP(2)
          

          
            	Heating
            	Convector + VAV (18℃)
          

          
            	Cooling
            	Ice Thermal Storage System + VAV (28℃)
          

          
            	Operation Information
          

          
            	HVAC Operation Time
            	5 days (except weekend)
          

          
            	Day Schedule
            	08:30 ~ 17:30
          

          
            	Night Schedule
            	21:00 ~ 08:00
          

        

        

        For the target building, more than 100 kinds of eco-friendly technology such as the double envelops on the southern side when it was designed, the natural lighting using the atrium and the solar control louver, etc., were applied. In addition, the metering system was established as a part of the energy performance improvement project during summer in 2011 and the information on the gas & electricity consumptions are sent in real time from 47 station points (45 for electricity and 2 for gas) by using BAS(Building Automation System) and AMI (Advanced Metering Infrastructure).

        And since the occupants and the indoor devices in G-building have increased compared to the time when the building was designed, the AHU no. 1 &2 were replaced with EHP-type AHUs in order to respond to the cooling/heating loads accordingly. Therefore, in this building, three AHUs except for the one (Direct Expansion AHU; AHU-4) which is dedicated to the conference hall are mainly operated, and the AHU-1 &2 for the main living room are operated together with the EHP.

        In addition, the HVAC type of G-building is a VAV(variable air volume)- type. And the building which is cooled with 2 screw chillers (during day and night) and the ice storage system are operated in parallel. And in case of heating, the convector system which is connected to the steam boiler is operated via the AHU. However, this building as a public building has the characteristics that the compulsory operation is influenced in accordance with the government directions when operating the cooling & heating systems unlike the general office building by adjusting the temperature down to 27~28℃ when cooling, 19~18℃ when heating, 60 days to 42 days as the annual cooling days and 90 to 72 days as the heating days in accordance with the ｢Guiding Principles of Actions for saving the energy of the public agencies by 10%｣.

      

      
        3.2. Energy Performance Profile of Target Buildings
        Two kinds of methods are used for analyzing the energy performance of the target buildings. One is a method for analyzing the energy consumption of a building depending on the time flow (Time-series analysis method) and the other one(Energy Use Profile Analysis method) is a method for analyzing the consumption patterns by using the energy consumption profiles. As the strengths of the former, it finds out when the peak demand takes place and analyzes the characteristics of the date in order to reduce the future peak demand and thus it can optimize the costs which are generated depending on the electricity pricing system. But the latter focuses on comprehending the energy consumption patterns and the problems that occur in the target buildings by using the gas & electricity bills or the metered data.

        In this thesis, the electricity consumption for 3 years which had been observed in real time at 41 station points from Jan. 2012 to Dec. 2014 except for gas was used. The information related to outdoor temperature was compared with the average outdoor temperature for 3 years and the monthly electricity consumption for each year as shown in Fig. 3. by using the statistical climate data for Daejeon Metropolitan region provided by the Korea Meteorological Administration. If the monthly electricity consumptions are analyzed, it was found that the electricity consumptions during July and August were the highest except for 2013. Although the average temperatures in outdoor air for 3 years were similar during that period, it appeared that the deviations between the energy consumptions during summer of each year (June~August) were very big. Therefore, it is necessary to preferentially audit the problems related to the cooling energy consumption during a summer in the target building.

        
          
          

          Fig 3. 
				
          

          
            Monthly electric use comparing with outdoor mean temperature for 3 years
          
          

          

        

        It is necessary to find out the points to be improved from the operation aspect by analyzing the specific energy consumption patterns using a simple regression analysis method and by calibrating the malfunctions of a used device and by adjusting the schedules, etc.

        In order to show the energy performance profiles of G-building by using a simple regression analysis method, the independent and dependent variables must be selected first. Although there exist various kinds of variables such as the outdoor air temperatures, the number of occupants and the number of heating devices in an office, etc., when the dependent variables are selected, since it is hard to grasp the then real-time information on indoor temperatures of many buildings that were selected for green remodeling, the energy performance of a target building must be comprehended by proving the correlation with the outdoor temperatures based on the electricity consumption values using the monthly electricity bills obtained from the target buildings.

        Thus, in this thesis, the independent variables are used as the average monthly outdoor temperature (X-Axis) and the dependent ones are used as the 3-year power consumption (Y-Axis) as shown in Fig. 4.

        
          
          

          Fig 4. 
				
          

          
            Electric energy use patterns from 2012 to 2014
          
          

          

        

        If the energy consumption patterns which are formed in the buildings for 3 years as shown in Fig. 4 are comprehended, the balance point temperature as the temperature at which cooling and heating are started must be set in order to analyze the energy performances by classifying the period into cooling, heating and non-cooling/heating periods.

        In this thesis, the cooling & heating sections were adjusted while changing the temperature scale by 1℃ while using a trial and error method after deciding the scale of the outdoor temperature at 6℃ as the difference between the temperatures at which cooling (26℃) and heating(20℃) are started. At this time, the coefficient of determination(R2) is deducted from the trend lines of cooling and heating which were calculated by using the least square method. This means that there is a perfect correlation if R2 is 1 and there is no correlation if R2 is 0. In ASHRAE Fundamental 2013, it is recommended to use a value of R2 bigger than 0.75 since it is considered that the value is significant. Therefore, in this thesis, only a value bigger than 0.75 is allowed as the coefficient of determination. But in case that a value is smaller than 0.75, it is assumed that some points to be improved must be found out through some detailed audits.

        The cases that a positive (+) slope appears in the heating section or a negative (-) slope does in the cooling one were excluded in order to obtain the balance-point temperature and the biggest value among the sums of the coefficients of determination for cooling and heating was selected. (But, the coefficient of determination for the non-cooling/heating section was not considered.)

        The prediction equations for temperature zones of the cooling, heating and non-cooling/heating sections were deducted by such a trial and error method like the Table 4 while using the method mentioned above. Although it was found that the coefficients of determination for heating area were less than or not more than 0.75 overall, it can be said that those for the cooling area were not. Therefore, the temperature sections, 14℃(for heating) and 21℃ (for cooling) whose sums of the determination coefficients for cooling and heating were highest among the temperature zones in Table 4 were set as the balance point temperatures. Accordingly, the temperature scope of the non-cooling/heating section (Intermediate Period) was decided as 15℃~20℃.

        
          Table 4. 
				
          

          
            Equations and Coefficients derived from the simple regression analysis model
          
          

        

        
          
            
              	Temperature
range
              	Season
              	Load Estimation
Predicted Equation
(X = Monthly Outdoor
Mean Temperature)
              	Coefficient of
determination
(R2)
            

          
          
            	T ≤ 13℃
            	Heating
            	yH =╶ 1247.7x + 33093
            	0.7255y
          

          
            	13℃ < T ≤ 19℃
            	Non-Heating/ Cooling
            	yN = 129.99x + 13808
            	0.0554
          

          
            	20℃ ≤ T
            	Cooling
            	yC = 3770.8x ╶ 64147
            	0.4565
          

          
            	T ≤ 14℃
            	Heating
            	yH =╶ 1220.8x + 33093
            	
              0.8148
            
          

          
            	14℃ < T ≤ 20℃
            	Non-Heating/ Cooling
            	yN = 151.15x + 13326
            	
              0.1644
            
          

          
            	21℃ ≤ T
            	Cooling
            	yC = 3976.6x ╶ 69456
            	
              0.4176
            
          

          
            	T ≤ 15℃
            	Heating
            	yH =╶ 1202.6x + 33061
            	0.8288
          

          
            	15℃ < T ≤ 21℃
            	Non-Heating/ Cooling
            	yN =╶ 80.498x + 17738
            	0.0018
          

          
            	22℃ ≤ T
            	Cooling
            	yC = 3851.3x ╶ 66200
            	0.2512
          

        

        

        Fig 5. shows the energy performance profiles of the target buildings depending on the results which were deducted above. It can be found that the heating section (R2=0.8148) generally tends to relatively come close to the regression line, on the other hand, in the cooling section (R2=0.4176), the distribution of the energy consumptions is scattered on the basis of the regression line. Thus, it is necessary to improve the problems after finding out them by implementing the detailed audits for the cooling devices the determination coefficient for the cooling section is bigger than 0.75 at least.

        
          
          

          Fig 5. 
				
          

          
            Energy performance profile of monthly electric use versus outdoor mean temperature from 2012 to 2014
          
          

          

        

      

      
        3.3. Audit for Cooling Devices
        As the results from an analysis of the electricity energy consumption which were obtained from each station point during the relevant period in order to audit the energy performance for cooling area, it was found that the energy consumption of the central plant equipment took the highest share as 26.8% among the total energy consumption as shown in Table 6. Especially, it was found that the energy consumption values the outdoor units (EHPs) which are located in the east and west were higher than the energy consumption values of two chillers. Therefore, in this thesis, the audits for the EHPs in the east and west were implemented preferentially and an additional audit for the day chillers whose energy consumption ratios are high was implemented.

        
          Table 6. 
				
          

          
            The equipments affecting on total electric use largely among entire electric metering points
          
          

        

        
          
            
              	Items
              	Sorts of Equipments
              	Ratio(%)
              	Total(%)
            

          
          
            	Heat Source
            	EHP (east side, AHU-2)
            	8.6 %
            	26.8 %
          

          
            	EHP (west side, AHU-1)
            	7.0 %
          

          
            	Chiller (day)
            	6.6 %
          

          
            	Chiller (night)
            	4.6 %
          

        

        

        In case of the outdoor units(EHP) located in the east, while working together with AHU-2, they work as the heating sources for air conditioning of the offices on the first to fifth basements which are located in the north, east and south taking the highest energy consumption ratios during the cooling period. As the result from a simple regression analysis for the measured electricity consumption during the relevant period compared to the outdoor temperature, like Fig. 6, the determination coefficient for the outdoor unit (EHP) in the east 0.2188, so it is far lower than 0.75. It was found that the biggest reason was because the operator didn't cool the outdoor unit forcibly even though the outdoor temperature was very high at that time based on the government policy in 2013. In addition, it was shown that the energy consumption in July, 2014 was exceptionally higher than the other years as shown in Fig. 3 of Chapter 3. And it was found that too much cooling compared to usual years regardless of the government directions by the request of the pregnant occupant was represented in Fig. 6. Since the special data which was obtained from an audit mentioned above is somewhat inadequate for predicting the future energy consumption, the energy consumption data in July 2014 when the energy use was excessive due to the pregnant women's occupancy during the period June to September in 2013 was adjusted to the level, R2=0.75 by using a trial and error method and as the result, the value was calibrated like (b) of Fig. 6.

        
          
          

          Fig 6. 
				
          

          
            Comparison with real data and calibrated data of EHP(east side, AHU-2) equipments in cooling season
          
          

          

        

        In case of the outdoor unit (EHP) in the west as the heat source for AHU-1 which air conditions in the south and the west of the first to fifth basements, it was found that the determination coefficient for this device was much lower than 0.75 like Fig. 7. (a) due to the same reason as the outdoor unit in the east considered the energy consumption pattern. In this case, it was found that the value corresponds to ASHRAE criteria only by excluding the data during June to August when the unit was abnormally operated by using a trial & error method. (Fig. 7. (b))

        
          
          

          Fig 7. 
				
          

          
            Comparison with real data and calibrated data of EHP(west side, AHU-1) equipments in cooling season
          
          

          

        

        In case of the day chiller, as the result from the method mentioned above, it showed the same result as Fig 8. And as the result that the data for 2013 was excluded from the measurement value (a) and the consumption in July 2014 was calibrated to the level, 0.75, a prediction model was deducted like (b) of Fig 8.

        
          
          

          Fig 8. 
				
          

          
            Comparison with real data and calibrated data of Chiller(for day) in cooling season
          
          

          

        

      

      
        3.4. Calibration and Prediction of Energy Consumption Values through an Audit
        As the result from supplementing the energy consumption values of 3 units by substituting with the outdoor temperatures during the same period in order to compare the part of the energy consumption during the cooling period which was not comprehended correctly due to some abnormal use with the real measurement values by using the prediction model which was obtained by auditing the energy consumption values of such three units, the results as shown in Fig 9 were shown.

        
          
          

          Fig 9. 
				
          

          
            Comparison between existing and revised model after adapted calibrated values derived from three heat source equipments
          
          

          

        

        Compared the determination coefficient during the existing cooling period, 0.4716, it was found that the model which was calibrated through an audit showed a closer correlation (R2=0.7949) with the outdoor temperature.

        This means that the building can be operated at around 80% of correlation with the outdoor temperature only by improving the problems to the operation of the outdoor units (east & west) and the day chiller whose energy consumptions were high when the energy performance of the target building was audited by a simple regression analysis. In addition, as the result from comparing the real measurement value and the revised energy consumption value, the results were shown in Fig 10. The total electricity consumption which was measured for 3 years from 2012 to 2014 was 316,439kWh and the calibrated value was 340,047kWh. So, the calibrated model used more energy by around 23,608kWh compared with that of the existing model. However, the reason was because the forcibly reduced energy consumption was represented even though the energy consumption in 2013 got higher than usual temperatures. It was found that the consumption can be used somewhat less compared to the existing consumption if the revised model is operated during the same cooling period except for special cases. And in case of operating like that, the peak demand is reduced lower than the real measurement data, it was analyzed the total energy consumption can be reduced corresponding to the peak demand.

        
          
          

          Fig 10. 
				
          

          
            Comparison real and predicted data depending on mean outdoor temperature per month during cooling seasons
          
          

          

        

      

    

    

  
    
      4. Conclusion
      In case of enhancing the energy performance of the existing building, it has a weakness that it is somewhat difficult to obtain some specific information on the target building. In addition, any domestic audit guidelines have not suggested unlike the foreign countries and also it is in the situation that the methods using simulations while spending much time and cost are applied in most of studies and real cases. However, this study focused on the improvement of the energy performance of the existing building by auditing the energy consumption patterns and performances and finding out the problems of the target building while analyzing the correlation with the outdoor temperature based on the monthly consumption data by using a relatively simple linear regression analysis method. Although such a method is somewhat less accurate than the other methods, it was found that the energy performance and the problems can be comprehended only with some simple information on the energy consumption and the outdoor temperature. It was analyzed that such data can be used as the basic data when establishing the domestic green remodeling guidelines, especially, when establishing the energy performance audit method. However, it is somewhat restricted to apply the method to the general buildings since the target building for this study is one which a metering system is applied as a special case. Especially, since the accuracy can be enhanced when being considered the insulation and other heating load factors including the indoor temperature rather than the effect of the outdoor temperature especially in case of an office building, it is necessary to analyze the effects by using an analysis method like a multiple regression analysis method in a future study.
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