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HVAC 시스템 효율
30% 이상 향상

(*) Sources: European Commission EPBD (point 6, pp1) & 
US Department of Energy’s “Buildings Energy Data Book”



§ 실내온도 편차를 ±0.5℃ 로 유지(Modulating Control)

§ Max Pump Head를 20~30m 이내 유지

§  환수온도를 13~15 ℃ 이상으로 유지

§  과유량, 저유량 방지 (Any Load)

§ 배관 최적화 설계를 위한 전산화 Program 사용

§ 부분부하 운전시 수배관내 측정, 진단, 조정 T&C Report 제출 의무화

HVAC 시스템 
에너지 절감 30%  향상 

가능함

                                          (*) ASHRAE Fundamental 



EQM특성 Valve 사용
Control Valve Authority 0.25(Good) 이상
KVs 값을 조정 할 수 있는 Valve 적용
Control Valve Rangebility 100% 사용





Why 
ICT=B.M.W 
Solution ?

Big Data MobileWareable

Hydronic
engineering



ü Pump Head의 최소값 계산

ü 최적의 배관 Size 계산

ü Control Valve Authority 계산  

ü Pump의 Index 순환로 확인  

ü 전체 수배관 시스템 설정 & 밸런싱

ü 시스템 & 독립적인 순환로 분석

ü 전체 배관의 길이 및 관경 계산

ü 팽창탱크 선정용 체적 유량 계산

Hyelect.4 Program

ü 투자비의 경제성 (ROI) 검토
ü 년간 CO2배출량 산출



ü 유량(q)

ü 차압(Dp)

ü 온도(T)

ü 온도차(DT)

ü 동력(P)

ü DATA 통신







v 유량과 차압 관계
v Coil 성능특성(ASHRAE 90.1)
v Valve 성능 특성
v Terminal 과 Valve의 관계

v

v PIBCV



v

v Coil 성능특성(ASHRAE 90.1)
v Valve 성능 특성
v Terminal 과 Valve의 관계

v Control Valve의 Authority 
v PIBCV
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밸브, 배관, 코일, 냉동기, 열교환기 등등… 

2qpµD
만약 유량이 4배가 되면 (x4), 압력 강하는 2배가 
된다. (x2).

Example :
ü  q increases 15%, Dp increase is      1.15²-1 = 0.32 (32%)
ü   Dp increases 20%, the flow increase is 1.20.5-1= 0.1(10%)
ü  q reduces 40%, Dp reduced is           1-0.6²= 0.64 (64%)

pq Dµ



v 유량과 차압 관계

v

v Valve 성능 특성
v Terminal 과 Valve의 관계

v

v PIBCV



AHU/FCU Performance Characteristic



“Terminal unit” characteristic
ASHRAE Handbook  Article 38.7 



“Terminal unit” characteristic

ASHRAE Handbook  Article 38.7 

Outlet water is 12.8 degC
This coil characteristic is therefore based on 
• Inlet water    = 7.2 degc 
• Outlet water = 12.8 degC



This coil characteristic is therefore based on 
• Inlet water    = 7.2 ºC
• Outlet water = 12.8 ºC



This coil characteristic is therefore based on 
• Inlet water    = 7.2 ºC
• Outlet water = 12.8 ºC

This coil characteristic

Cooling Coil – Performance Characteristic



Terminal. Control valve.  BAS

v 유량과 차압 관계
v Coil 성능특성(ASHRAE 90.1)

v Valve 성능 특성
v Terminal 과 Valve의 관계

v
v PIBCV





v 유량과 차압 관계
v Coil 성능특성(ASHRAE 90.1)
v Valve 성능 특성
 Terminal 과 Valve의 관계

v

v PIBCV



2qpµD

EQM특성 Valve 사용
Control Valve Authority 0.25(Good) 이상
KVs 값을 조정 할 수 있는 Valve 적용
Control Valve Rangebility 100% 사용



§ 안정적이고 정확한 BAS 제어를 얻기 위해서는, 제어 시스템이 비례적인 움직임(선형 특성)이여야 한다.
§ 냉난방 코일 성능 특성은 결코 선형적이지 않다
§ 안정적이고 정확한 제어를 위해 터미널 유닛 특성의 비선형은 모든 선형 순환로 특성을 보장 하기 위해 컨

트롤 밸브의 수정 등가특성(EQM)에 의해 보상되어진다.



v 유량과 차압 관계
v Coil 성능특성(ASHRAE 90.1)
v Valve 성능 특성
v Terminal 과 Valve의 관계

v

v PIBCV
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Control valve with EQM 
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The “lower” the valve authority,
the larger the dP variation on the control valve.
the larger the distortion on the valve characteristic.

The “higher” the valve authority, the smaller the Dp 
variation and the smaller the distortion

Stable
- Good control



What is this?
• “Combined” performance of 2 characteristics:

1. “AHU/FCU” performance characteristic (cooling output vs flow)
2. “Control valve” performance characteristic (flow vs valve lift)
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What is this?
• “Combined” performance of 2 characteristics:

1. “AHU/FCU” performance characteristic (cooling output vs flow)
2. “Control valve” performance characteristic (flow vs valve lift)
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• What is the “ideal” global characteristic?
– Linear

• Why?

Stable control of temperature
No overflow
No underflow
Best for BAS
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Control Valve (EQM) Characteristic

Flow in % 
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AHU/FCU Characteristic

Global Characteristic – EQM Valve

Ideal

x
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x
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Lift in % 

Actual

EQM valve is exact match and therefore gives the “ideal” 
Global Characteristic suitable for HVAC control

2 options available to achieve close to 100% authority
- Independent ‘differential pressure controllers” on each circuit
- Adjustable KVs control valve with fixed EQM characteristic



Terminal unit characteristic
Control valve characteristicResultant characteristic
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Control Valve (Linear) Characteristic

ASHRAE – Fundamentals of HVAC Control
Flow in % 
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AHU/FCU Characteristic

Global Characteristic – Linear Valve
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Control Valve (Linear) Characteristic

Flow in % 
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AHU/FCU Characteristic

Global Characteristic – Linear Valve

Ideal
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Actual

Linear valve only suitable for ON/OFF moderate response systems
 (HVAC control)



Control Valve (Characterised Ball) Characteristic

ASHRAE – Fundamentals of HVAC Control
Flow in % 
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AHU/FCU Characteristic

Global Characteristic – Characterised Ball Valve
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Control Valve (Characterised Ball) Characteristic

Flow in % 

C
o
o
lin

g
 o

u
tp

ut
 i
n
 %

 

Lift in % 

Fl
o
w

 i
n 

%
 

C
o
o
lin

g
 o

u
tp

ut
 i
n
 %

 

AHU/FCU Characteristic

Global Characteristic – Characterised Ball Valve

Ideal

Lift in % 

Actual

i.e. if ��P is constant
But ePIV does not keep ��P constant
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Extract from write-up:

• Characterized Control Valve (CCV) Technology
• 2-way characterized control valve

What does this mean?

ASHRAE – Fundamentals of HVAC Control



Control Valve (Linear) Characteristic

ASHRAE – Fundamentals of HVAC Control
Flow in % 
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AHU/FCU Characteristic

Global Characteristic – Linear Valve
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Control Valve (Linear) Characteristic

Flow in % 
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AHU/FCU Characteristic

Global Characteristic – Linear Valve

Ideal
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Actual

Linear valve only suitable for ON/OFF moderate response systems (HVA
C control)



Control Valve (EQM – 0.1 Authority) Characteristic

ASHRAE – Fundamentals of HVAC Control
Flow in % 
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AHU/FCU Characteristic

Global Characteristic – EQM Valve with 0.1 Authority
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Control Valve (EQM – 0.1 Authority) Characteristic

Flow in % 
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AHU/FCU Characteristic

Global Characteristic – EQM Valve with 0.1 Authority

Ideal
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Actual

EQM valve with 0.1  Authority due to:
- Control valve is oversized, not calculated but uses a factor based on pipe size 
-No differential pressure controller installed

- Pump head higher than required, no hydronic calculation



Control Valve (EQM) Characteristic

ASHRAE – Fundamentals of HVAC Control
Flow in % 
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AHU/FCU Characteristic

Global Characteristic – EQM Valve
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Control Valve (EQM) Characteristic

Flow in % 
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AHU/FCU Characteristic

Global Characteristic – EQM Valve

Ideal
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Actual

EQM valve is exact match and therefore gives the “ideal” 
Global Characteristic suitable for HVAC control

2 options available to achieve close to 100% authority
- Independent ‘differential pressure controllers” on each circuit
- Adjustable KVs control valve with fixed EQM characteristic
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Terminal unit characteristic

Control valve characteristic

Resultant characteristic
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Terminal unit characteristic

Control valve characteristic
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Terminal unit characteristic

Control valve characteristic

Resultant characteristic
60% Opening

60% 
Cooling Output
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Terminal unit characteristic

Control valve characteristic

Resultant characteristic
100% Opening
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Terminal unit characteristic

Control valve characteristic
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Terminal unit characteristic

Control valve characteristic

Resultant characteristic
60% Opening
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Terminal unit characteristic

Control valve characteristic

Resultant characteristic
20% Opening

55% 
Cooling Output

100
90
80
70
60
50
40
30
20
10

0
0 10 20 30 40 50 60 70 90 10080

Flow  in %

Lift h in %

100
90
80
70
60
50
40
30
20
10

0
0 10 20 30 40 50 60 70 90 10080

100
90
80
70
60
50
40
30
20
10
0

0 10 20 30 40 50 60 70 90 10080

Heat output  in %

=+

Heat output  in %

Flow  in % Lift h in %

Cooling output in %

Cooling output in %



v 유량과 차압 관계
v Coil 성능특성(ASHRAE 90.1)
v Valve 성능 특성
v Authority

v
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§ 3가지 기능(밸런싱, 컨트롤, 차압 컨트롤)이 한개 밸브에 모두 
    포함되어 있다.
§ 이러한 밸브 종류에 대해서, 여러 명칭이 사용된다 :

− 압력 독립 밸런싱 컨트롤 밸브 (PIBCV)
− (Pressure Independent Balancing and Control Valve)
−

(이 기능의 제품에 대한 TA의 공식적인 명칭)
− … 그러나 또한 다음의 여러 명칭의 이름을 보게 된다.

복합 밸브
유량과 온도 컨트롤러
컨트롤과 밸런싱 밸브…

ü 조정 가능한 Kvs

ü 독립적인 EQM 특성

ü 탁월한 부하 조정비 (Rangebility)


