426 Bu]FE=F A 187 A 5 3(2006)/pp. 426-433

TZXAN2E HAHGE o
8 4 3,48 @& &,
A& A

AEdix A3AE a7

ki3

Py

- +
F 2,49 9 a”

duistE A59%, MeAYdgE qetg, TEoldstn AR

A Case Study on the Building Energy Savings through
HVAC System Optimization Process

Jung-Ho Huh, Han-Sol Kwon', Soo-Gon Han‘, Pyeongchan Ihm"'
Department of Architectural Engineering, University of Seoul, Seoul 130-743, Korea )
'Graduate School, Department of Architectural Engineering, University of Seoul, Seoul 130-743, Korea
"Faculty of Architectural Design & Engineering, Dong-A University, Busan 604-714, Korea

(Received January 13, 2006; revision received April 4, 2006)

ABSTRACT: The requirements for the optimal building system design is numerous. How-
ever, most system designers do not take care of various design strategies. They often argue
that the proper simulation tools are not existed to solve the implicated design requirements
and the time to consider many alternatives of building systems are insufficient. The aim of
this study is to develop the optimization interface program that considers various system de-
sign variables and eventually find both the optimal values of annual energy use and cost.
Therefore, Doe20pt is developed to easily perform simulation-optimization process based on
DOE2 and GenOpt, and minimizes energy cost of small-to-medium sized building for 6.7%
and that of large sized building for 3% with optimizing several HVAC system variables.

Key words: HVAC system(&Z Al ), Office building(AHF-2:7 &), Optimization(# 2 3}), Build-
ing energy(Z &9 A]), Energy simulation(olW =] A& ol4)
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Fig. 1 Simulation-optimization process.
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Table 1 Summary of small-to-medium office

Doe2 Engine| <<——>| GenOpt |— |Optimized
Output
Doe20pt Doe2 input

file

A

® Weather data -

e Objective function

e Optimization parameters
o Optimization method

building
Grouping Contents
: . | Address Euljiro Junggu Seoul
Location . .
& ﬁ District Commercial zone
Plottage 1,206.29 m’
Area |Building area 1,00827 m’
Total area 12,805.35 m’
Service Office
Structure Steel Reinforced Concrete
Building| Exterior Granite, Pair glass 6 mm
Floor info. |Under 2+Ground 11 (Office)
Completion December 1965

Fig. 3 Schematic diagram of the interconnected
programs {(Doe20pt, GenOpt and Doe2).
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Table 2 HVAC system and plants of the small-to-medium office building

Two pipe fan coil

Heating coil

Cooling coil

Supply fan

Supply temp : 60T
Control : Constant
Heat source : High temp. water for plant

Supply temp : 95C
Control : Constant

Static pressure @ 74.65 Pa
Efficiency (%) : 0.5
Draw-through fan placement

Boiler
Quaniity | DO Sy | e (). | evaporation (ka/hr) | pressure (g | Eeieney 09
2 965,550 9.99 1,500 10 915
Refrigerator
Class Quantity | Capacity (RT) Cooling water Evapprator Compressor Cooling water
temp. ((L/min)/kW) ((L/min)/kW) pump
Reciprocating 2 112 12/7C 429 37 15HP x 2
Ice storage system
Class Working (Str/End) Storage Max ice temp. Tank heat loss factor
Ice on coil 8pm/5am 100% —44~-46T 0.001
Cooling tower
Class Quantity Capacity Setting temp. Temp. control
Open type 1 250 RT 27C Fixed temp.
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Fig. 4 Comparison of electricity use between
actual and base model at small-to-me-
dium office building in 1996.
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Fig. 5 Comparison of gas use between actual
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fice building in 1996. ’
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Fig. 6 Schematic diagram of the CAV system
in the small-to-medium office building.
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Table 3 Optimized results of HVAC system
variables for the small-to-medium of-
fice building

Component Variable

Value
Lower temperature limit (C) | 3
Economizer | Upper temperature limit (T) | 21
' Enthalpy limit (k]/kg) 586
Heat recovery | Heat exchange effectiveness | 0.67
O.A. damper | Min. outside air ratio(%) 07

Optimized model

[ e e

{3 Base model

L
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Fig. 7 Monthly building energy cost at small-
to-medium office building.

Table 4 Yearly energy cost for small-to-me-
dium office building (Unit: ¥1,000)

Energy source Reie;r:? ce Op(t;l:;: m Rec_iuction
Electricity 239,662 231,974 3.2%
Gas 93,063 78,304 15.9%
Yearly total cost| 332,725 310,278 6.7%
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Table 5 Summary of large sized office building

Grouping Contents
. Address Bonglaedong Junggu Seoul
Location . .
District Commercial zone
Plottage 3,351.83m’
Area |Building area 1,232.34 m2
Total area 37,708.38 m’
Service Office
Structure Steel Reinforced Concrete
Exterior _|Granite, Pair glass 6/12/6mm
Building Under 2-6 : Parking .
Floor info. Under 1 : Restaurant, Parking
Ground 1 : Lounge, Bank
Ground 2-18 : Bank, Office
Completion July 1992
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Table 6 HVAC system and plants of large-sized office building

VAV system

Heating coil

Cooling coil

Water supply temp. : 65T
Air supply temp. : 21T
Heating capacity * 500,000 kcal/hr
Heat source : High temp. water for plant

Water supply temp. : 12T
Air supply temp. : 16C
Cooling capacity : 1,500,000 kcal/hr

Supply fan

Return fan

Variety : Axial (Variable pitch)
Airflow control : Blade
Static pressure : 140 mmAq (1~9 floor),
110 mmAgq (10~ 18 floor)
Airflow : Max. 1,8335 m*/min., Min. 880 m*/min.

Variety : Axial (Variable pitch)
Airflow control : Blade
Static pressure : 90 mmAq (1~9 floor),
70 mmAq (10~ 18 floor)
Airflow : Max. 1,650 m*/min., Min. 600 m”/min.

Humidifier (Relative humidity : 309, Steam : 400 kg/hr)

Boiler
Higher calorific| Heat surface | Rated quantity Upper used ..
. . Efficiency
Quantity power areza of evaporation pressurze (%)
(kcal/hr) (m") (kg/hr) (kg/cm’) °
2 965,550 9.8 1,500 10 90 or more
Refrigerator
. Capacity Cooling Evaporator | Compressor Cooling
Class Quantity (RT) water temp. |((L/min)/kW) | ((L/min)/kW)| water pump
Turbo 2 540 5T 10.08 12.2 3 HP
Cooling tower
Class Quantity Capacity Setting temp. Temp. control
Open model 2 600RT 25.8C Fixed temp.
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Fig. 8 Comparisoq of electricity use between
actual and base model at large sized
office building in 1996.
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Fig. 9 Comparison of gas use between actual
and base model at large sized office
building in 1996.
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Table 7 Optimized results of HVAC system
variables for large sized office building

Component Variable Value
Lower temperature limit ('C) 3
Economizer | Upper temperature limit ('C) 20
Enthalpy limit (k]/kg) 586
Heat recovery| Heat exchange effectiveness 0.6
O.A. damper | Min. outside air ratio (%) 10
[ Base model Optimized model

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 10 Monthly building energy cost at large
sized office building.

Table 8 Yearly energy cost for large sized of-
fice building (Unit: ¥1,000)

Energy source Refce;:tn ce Ongrsl:m Reduction
Electricity 608,334 | 594,416 2.3%
Gas 148641 | 140,307 5.6%
Yearly total cost| 756,975 | 734,723 3.0%
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