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Abstract HVAC&R systems are the most energy consuming building services, representing approximately half of the final
energy use in the building sector. Despite their significant energy use, there is a lack of a consistent and homogeneous
framework to efficiently guide research. This research is about the energy consumptions of HVAC&R systems, with the
aim of establishing a common idea for the analysis of building energy efficiency. Our approach deals with the concept
of an HVAC&R set that is composed of subsystems. A matrix combination evaluation is examined, and a total of 960
sets can be implemented in a large scale office building. A method as a tool for energy evaluations of HVAC&R systems,
and HEET as a energy simulation program, were developed.
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Fig. 1 The basic concept and composition of the
HVAC&R set.
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Fig. 2 The matrix combination check of the HYAC&R
system.
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Table 1 HVAC&R system matrix combinations for office buildings

Air-conditioning System

(Heat) Plant System

(Heat) Transport System

A01 CAV System

Direct-fired Absorption

A02 VAV System POL " Chiller/Heater (Base) Primary Pump system
. . . TO1 +Chilled Water Temp.
A03 UFDA P02 Absorption Chiller+Steam Boiler Differential(AT = 5C)(Base)
A04 FCU+DOAS P03 Centrifugal Chiller+Steam Boiler
A05 Radiant C/H+DOAS P04 Ice Thermal Storage+Steam Boiler Primary Pump system
A06 Chilled Beam+DOAS P05 Water Thermal Storage+Steam Boiler To2 (1 Zone)
A07 PAC(EHP)+DOAS P06 Centrifugal Chiller+HW Boiler +Chilled Water Temp.
A08 CAV+FCU PO7 Ice Thermal Storage+HW Boiler Differential(AT = 8T)
A09 VAV+FCU P08 Water Thermal Storage+HW Boiler
A10 CAV+Convector P09 Centrifugal Chiller+District Heating Zong Pump system(2 Zone)
L ) TO3 +Chilled Water Temp.
All VAV+Convector(Base) P10 Ice Thermal Storage+District Heating Differential(AT = 5C)
Al2 UFDA+FTU+DOAS P11 Water Thermal Storage+District Heating
Al3 VAV+FPU P12 District Cooling+District Heating Zone Pump system
Al4 LTAD+FPU P13 HW Driven Absorption+District Heating To4 (2 Zone)
Al5 CAV+PAC(EHP) P14 Geothermal Heat Pump System +Chilled Water Temp.
A16 VAV+PAC(EHP) P15 CHP system with HW Driven Absorption Differential(AT = 8T)

Total 16 systems

Total 15 systems

Total 4 systems
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Fig. 3 A method for evaluating energy consumption
of basic HVAC&R sets.
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Table 2 A method for predicting energy consumption
of extended HVAC&R sets

Energy Energy Energy Total
Ratio of x Ratio of x Ratio of = Energy

HG AC HT Ratio
Base
HVAC&R 10 x 10 x 10 = 1.0
set
Basic
HVAC&R 1.0 x El\?alﬁa,lbt\ex 1.0 = Calculate
set(AC)
Basic
HVAC&R Elfaligex 1.0 x 1.0 = Calculate
set(HG)
Basic
HVAC&R 10 x 1.0 E?/ali':te: Calculate
set(HT)
Extended #n 0.88
HVAC&R 08 x 11 x 10 = )
(example)
set
Extended .
HVAc&R .................. _ Predlct

X X =
5et(960 EA) (16 EA) (15 EA) (4 EA) (960 EA)
AC : Air-conditioning System.
HT : Heat Transport System.
HG : Heat Generation System.
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Passive Design[ Building Load Profiles (8,760h) ]
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Fig. 5 Schematic flow chart of the major energy
evaluation steps at the HEET.
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Building Load Input

+ Building load, climate data, schedule

* HVAC&R system basic input / peak load

« Cooling / heating condition: SA/RA temperature, H/C period
« OA rate, Air-side economizer, etc

Energy Calculation Input I

« Air-conditioning system input: power except fan energy
+ Plant system input: equipment quantity, capacity, etc.

= Transport input: pump flow rate, head, etc

+ Energy rate: power, gas, district H/C, etc.

= Convert coefficient for primary energy consumption

System Load Calculation l

3.1 Air-conditioning system load calculation

« Airflow rate, fan power, OA load, air-side economizer

+ Building load + OA load + Fan heat gain — free cooling

3.2 Plant system load calculation

« Pump heat gain, pipe heat loss

« Air-conditioning system load + pump heat gain + pipe heat loss

EICJEY  System Energy Calculation If

4.1 Air-conditioning system energy calculation

« Cooling system: interior, perimeter OA system energy

* Heating systen interior, perimeter OA system energy

4.2 Plant system energy calculation

« Cooling system: chiller, cooling tower, etc

« Heating system- boiler, heater, etc

4.3 Transport system energy calculation

« Cooling system: chilled/cooling water flow rate, pump power
* Heating system: hot water flow rate, pump power, etc

Primary Energy Consumption
and Energy Cost Calculation

5.1 Plant(heat generation) system energy cost calculation

* Seasonal/hourly electricity, LNG, district H/C fare

5.2 Electricity cost calculation

+ Based on cooling peak load and the basic fare

« Seasonal/hourly electricity fare

5.3 Primary energy consumption calculation

« Convert primary energy by secondary energy(various source)

Step 06 Qutput t

Fig. 6 Flow diagram of HVAC&R system energy
calculation steps.
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<User input: essential input item>

<18t Calculation: energy cost>

<ROI: simple payback period>

Fig. 7 Overview of HEET(HVAC&R energy evaluation tool) program.
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Table 3 Test HVAC&R sets for program comparison
(HEET vs. TRNSYS)

HVAC  Air-conditioning  (Heat) Plant Transport
&R System System System
Set #1 All P01 TO1
Set #2 All P06 TO1
Set #3 A06 P09 TO1

All : VAV+Convector AQ06 : Chilled Beam+DOAS
PO1 : Direct-fired Absorption Chiller/Heater

P06 : Centrifugal Chiller+HW Boiler

P09 : Centrifugal Chiller+District Heating

TO1 : Primary Pump system+CW Temp(AT = 57C).
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Table 4 HVAC&R set #1 configurations for energy

simulation
Air- e VAV+Convector
conditioning > SA(Airfoil) : 18,000 m'/h, 1,000 Pa
System 7.2 KWx25 EA
(A11) o RA(Sirocco) : 15,000 m'/h, 400 Pa

474 KWx25 EA
o Convector : 730 kcal/h, 20 Wx850 EA

(Heat) Plant e Direct-fired Absorption Chiller/Heater

System o Capacity : 1,089 Mcal/hx2 EA

(PO1) o Fuel consumption : 79.3 Nm’/h
Transport e Primary Pump+CW Temp(AT = 5T).
System o Chilled/hot water circulation pump :
(TO1) In-ling, 3,475 LPM, 27 kWx2 EA

> Cooling water circulation pump :
In-line, 5,734 LPM, 65 kWx2 EA

| — .

Fig. 8 TRNSYS simulation studio model components
and connections of set #1.
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Fig. 9 Comparison of monthly energy demand of
set #1 for TRNSYS and HEET.
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Fig. 10 Primary energy consumption results for selected
HVAC&R sets.

Table 5 Comparison of annual energy demand of test
HVAC&R sets

Primary Energy(kWh/yr)

HVAC&R Comparison
TRNSYS HEET
Set #1 2,763,096 2,805,740 -1.5%
Set #2 1,515,035 1,622,042 6.6%
Set #3 1,283,977 1,339,085 4.8%
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