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Agenda

Why Do We Balance?
Balancing Options

 Reverse Return
 Balancing Valves

 Manual vs. Automatic (Different 
Technologies)

System Costs
 Initial vs. Long-term

 Material Costs & T&B (Initial)
 System Efficiencies (Long-term)

Auto-Balancing & Modulation



Why 
Balance?

 Reduced water flow reduces heat transfer  

 Terminals furthest from the pump in 
unbalanced systems receive less flow 
resulting in reduced heat transfer

 Excessive flow
 Increases pressure drop and pump 
energy
 Increases pump wear and noise
 Increasing water flow to 200% of coil 
design
 only increases heat transfer by 6% 
but, increases pressure drop by 400%



Balancing 
Options

Reverse Return Piping

Manual Balancing

Automatic Flow Control Valves

Unconventional Methods 
• Circulating Pumps at Each Unit



Reverse 
Return



Balancing Valves
provide proper distribution of water 
flow to terminal units in the system 
to ensure maximum comfort with 
minimal energy consumption.

 Improves performance of
HVAC Systems
Domestic Water Systems

What Is A 
Balancing 
Valve? 



Manual Balancing Valves



Automatic Flow Control Valves (Spring Type)



Automatic Flow Control Valves (Diaphragm Orifice) 



Cost of a System - 
Manually Balanced

• Circuit Balance Valves required at all 
terminal units

• System needs to be rebalanced when 
new terminal unit(s) added

• Manual Balance = No Balancing
•  Balanced at 100% Design Flow
•  Unbalanced at ALL Other Flows



Cost of a System - 
Automatically Balanced
• Automatic Flow Control Valves only 

required at terminal units

• No system rebalancing needed when new 
terminal unit(s) brought on line.

• No AFCV required on riser

• AFCV dynamically adjust to maintain flow



Balancing Domestic HW Systems

• Valves are still installed at the end of 
each branch

• Factory set to the designed 
maximum flow rate

• Pressure Independent to system 
fluctuations based on demand/load

• Allow a reduction of 66% of the Test 
& Balancing time/cost while 
ensuring proper flow

• Owners can modify the flow rate in 
the field if needed by changing 
cartridges

WH
MXV

RCP

Balancing 
Device



For Your Consideration…

Automatic Flow Control Balance Valves
 (1) Verify that each installed automatic flow control device 
matches the GPM indicated on the drawings/schedule/unit 
submittal.
 (2) Verify that the actual pressure differential at each automatic 
flow control device is within the pressure differential operating 
range specified by the valve manufacturer for that valve type, 
inserts, size, and flow rate.



While Cv rate selection isn’t required, 
the TAB process must set Max Flow by 
a dial adjustment on site

The TAB contractor must also confirm 
operating range

Varies by manufacturer – confirm the 
process upon submittal review

Balancing
PICVs

Pressure 
Independent 
Control Valves 



Chilled 
Water HVAC 
System 
Analysis



System Configuration

Pumps - 2 Primary & 2 Secondary
Chillers - Inline w/ Primary Pumps
Designed flow rate – 460 gpm (230 gpm per pump)
System analyzed under three different balancing 
options:
 Fully Open – no balancing
 Manual balancing
 Automatic balancing



Annual System Load Profile
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cost analysis

		

		Lineups		Energy ($)		Lineup Cost ($) / 1year		Primary Pump1		Primary Pump 2		Secondary Pump1		Secondary Pump2

		100% FS Fully Open		0.1		16694.57		5551.79		5559.36		2791.71		2791.71								Lineups		Savings ($) / year

		100% FS Manual Valves_balanced		0.1		16577		5509.16		5516.04		2775.9		2775.9		Savings ($) / year		117.57

		100% FS Design Case		0.1		16370.72		5434.9		5441.78		2747.02		2747.02		Savings ($) / year		323.85				100% FS Fully Open

		100% FS Normal Operation		0.1		15534.56		5157.1		5163.98		2606.74		2606.74		Savings ($) / year		1160.01				100% FS Design Case		349.3

		100% FS Nighttime Operation		0.1		13429.78		4496.99		4501.81		2215.49		2215.49				3264.79				100% FS Normal Operation		1157.25

		100% VFD Design Case		0.1		15733.98		5434.9		5441.78		2428.65		2428.65		Savings ($) / year		960.59				100% FS Nighttime Operation		3290.24

		100% VFD Normal Operation		0.1		12018.81		5166.04		5173.61		839.58		839.58		Savings ($) / year		4675.76				100% VFD Design Case		986.04

																						100% VFD Normal Operation		4701.21

		Case 1 (Fixed Speed Pump)		Energy ($)		Lineup Cost ($) / 1year		Primary Pump1		Primary Pump 2		Secondary Pump1		Secondary Pump2

		65% Design Case		0.1		10315.79		3557.93		3362.84		1697.51		1697.51

		30% Nightime Operation		0.1		4028.94		1349.1		1350.54		664.65		664.65

		5% Shutdown		0.1		605.72		199.75		200.03		102.97		102.97

		System Total Cost				14950.45										Savings ($) / year		1744.12

		Savings ($) / year				1769.57

		Case 2 (Variable Speed Pump)		Energy ($)		Lineup Cost ($) / 1year		Primary Pump1		Primary Pump 2		Secondary Pump1		Secondary Pump2

		65% Design Case		0.1		7812.21		3357.93		3362.84		545.72		545.72

		30% Nightime Operation		0.1		4028.94		1349.1		1350.54		664.65		664.65

		5% Shutdown		0.1		605.72		199.75		200.03		102.97		102.97

		System Total Cost				12446.87										Savings ($) / year		4247.7

		Savings ($) / year				4273.15

		All branches open										3 branches closed

		Lineups		Energy ($)		Lineup Cost ($) / 1year		Savings ($) / year				Lineups		Energy ($)		Lineup Cost ($) / 1year		Savings ($) / year

		100% FS Fully Open_No Balancing		0.1		16694.57						100% FS Fully Open_No Balancing		0.1		16412.65

		100% FS Manual Valves_Balanced		0.1		16577		117.57				100% FS Manual Valves		0.1		16281.32		131.33

		100% FS Design Case_Automatic		0.1		16370.72		323.85				100% FS Design Case_Automatic		0.1		15328.28		1084.37

		100% FS Normal Operation_Automatic		0.1		15534.56		1160.01				100% FS Normal Operation_Automatic		0.1		14549.21		1863.44

		Branches		Manual Operation		Automatic Normal Operation		Savings ($) / year

		All open		16577		15534.56		1042.44

		3 / 29 closed		16281.32		14549.21		1732.11

		7 / 29 closed		15669.35		13151.99		2517.36

		10 / 29 closed		16159.82		12438.94		3720.88

		15 / 29 closed		14190.98		7559.63		6631.35

		17 / 29 closed		13755.04		7246.07		6508.97

		21 / 29 closed		12559.27		7153.94		5405.33

		23 / 29 closed		11956.91		7197.94		4758.97





table1

		

				Loops		Requirement (gpm)		Branches

				Loop 1		26		1				31.74				22.0769230769

				Loop 2		70		4

				Loop 3		70		4

				Loop 4		70		4

				Loop 5		70		4

				Loop 6		72		6

				Loop 7		72		6

														Hours		Branches				% Load		Fully Open				Manual Operation		Automatic Normal Operation		Savings ($)

		7		100		100				0.0799086758				7		All open				100		13.34				13.24		13.09		0.15

		137		99.8		83				1.5639269406				616		3 / 29 closed				90		1153.98				1143.36		1077.88		65.48

		407		97.3		74				4.6461187215				756		7 / 29 closed				76		1376.02				1356.27		1202.2		154.07

		616		89.4		54				7.0319634703				1100		10 / 29 closed				66		1944.05				1903.62		1627.16		276.46

		756		77.5		37				8.6301369863				866		15 / 29 closed				48		1420.44				1420.44		1186.67		233.77

		1100		63		25				12.5570776256				866		17 / 29 closed				41		1387.6				1359.81		743.18		616.63

		866		41.8		7				9.8858447489				706		21 / 29 closed				28		1013.42				1004.17		574.73		429.44

		706		25.1		6				8.0593607306				706		23 / 29 closed				20		964.54				960.54		578.66		381.88

		600		11.5		2				6.8493150685

		3565		0		0				40.696347032												9273.39				9161.45		7003.57

		8760

																				Branches		% System Load		Fully Open Cost ($)		Manual Operation Cost ($)		Automatic Operation Cost ($)		Savings ($) / year

												0		0						All open		100		16693.2		16577		15534.56		1042.44

												10		2.5						3 / 29 closed		90		16410.6		16281.32		14549.21		1732.11

												20		10.5						7 / 29 closed		76		15944.39		15669.35		13151.99		2517.36

												30		15.25						10 / 29 closed		66		15481.62		15159.82		12438.94

												40		19.75						15 / 29 closed		48		14368.38		14190.98		7559.63		6631.35

												50		21.5						17 / 29 closed		41		14036.27		13755.04		7246.07

												60		14.25						21 / 29 closed		28		12574.39		12559.27		7153.94		5405.33

												70		9.5						23 / 29 closed		20		11967.91		11956.91		7197.94		4758.97

												80		4

												90		2.25				Branches		% System Load		% operation		Fully Open Operation Cost ($ per % of operating hours)		Manual Operation Cost ($ per % of operating hours)		Automatic Operation Cost ($ per % of operating hours)

												100		0.5		0.005		All open		100		0.5		83.466		82.885		77.6728

																0.0225		3 / 29 closed		90		2.25		369.2385		366.3297		327.357225

																0.04		7 / 29 closed		76		4		637.7756		626.774		526.0796

														100		0.2375		10 / 29 closed		66		23.75		3676.88475		3600.45725		2954.24825

																0.215		15 / 29 closed		48		21.5		3089.2017		3051.0607		1625.32045

																0.1975		17 / 29 closed		41		19.75		2772.163325		2716.6204		1431.098825

																0.1525		21 / 29 closed		28		15.25		1917.594475		1915.288675		1090.97585

																0.105		23 / 29 closed		20		10.5		1256.63055		1255.47555		755.7837

																		Annual Running Cost ( $ per year)						13802.9549		13614.891275		8788.5367

																		Annual Savings ( $ per year)								188.063625		5014.4182

																		% operation

																		0.5

																		2.25

																		4

																		23.75

																		21.5

																		19.75

																		15.25

																		10.5
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Pump Curves Comparison: 
Design Conditions – 100% Load

Pump operating 
@ 234gpm, 103ft Pump operating  

@ 230gpm, 104ft

Pump operating 
@ 224gpm, 105ft

No Balancing Manual Balancing

Automatic Balancing



Pump operating 
@ 225gpm

Pump operating 
@ 197gpm

Fixed Speed Pump Curves Comparison: 
Design Conditions – 90% Load

No Balancing Manual Balancing

Automatic Balancing

Pump operating 
@ 222gpm

Pump Operating point 
moving to the left on 

pump curve = 
ENERGY SAVINGS



Fixed Speed Pump Curves Comparison: 
Design Conditions – 50% Load

No Balancing
191 GPMManual

182 GPM

Automatic 
113 GPM



Fixed Speed Drive Variable Speed Drive

3,500 rpm
Eff: 75.5 %
Power: 8 hp

100%  Design Flow  
Condition

(Manual Balancing)

3,500 rpm
Eff: 75.5 %
Power: 8 hp

230 gpm230 gpm



Fixed Speed Drive Variable Speed Drive

3,500 rpm
Eff: 75.5 %
Power: 8 hp

100%  Design Flow  
Condition

(Automatic Balancing)

3,500 rpm
Eff: 75.5 %
Power: 8 hp

226 gpm225 gpm



Fixed Speed Drive Variable Speed Drive

70 %  Design Flow  
Condition

(Manual Balancing)

3,500 rpm
Eff: 73.8 %
Power: 7.6 hp

208 gpm

3,545 rpm
Eff: 73.7 %
Power: 7.9 hp

210 gpm



Fixed Speed Drive Variable Speed Drive

70 %  Design Flow  
Condition

(Automatic Balancing)

2,360 rpm
Eff: 75.8 %
Power: 2.5 hp

3,500 rpm
Eff: 66.3 %
Power: 6.7 hp

158 gpm 160 gpm



Fixed Speed Drive Variable Speed Drive

50 %  Design Flow  
Condition

(Manual Balancing)

3,500 rpm
Eff: 70.5 %
Power: 7.1 hp

3,525 rpm
Eff: 70.6 %
Power: 7.3 hp

184 gpm182 gpm



Fixed Speed Drive Variable Speed Drive

50 %  Design Flow  
Condition

(Automatic Balancing)

3,500 rpm
Eff: 55.6 %
Power: 5.9 hp

113 gpm

115 gpm

1,420 rpm
Eff: 76 %
Power: 0.6 hp
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										Fixed Speed

										US GPM		Head (ft)																																Variable Speed

										0		0						Variable Speed - Design								Variable Speed - Normal								Variable Speed - Nighttime										US GPM		Head (ft)

		US GPM		Head (ft)				Design		225		50.5						US GPM		Head (ft)						US GPM		Head (ft)						US GPM		Head (ft)								0		0

										0		0																														Design		226		49.7

		0		60.22				Normal		202.6		52.5						0		59.47		59.6235580977				0		43.22						0		21.84								0		0				0		0

		123.4		57.17						0		0						122.6		59.46		57.6333617889				84.72		41.44						60.23		20.95						Normal		205		35.1				153		17.3

		144.8		56.44				Nighttime		146.3		56.4						143.9		55.74		56.6203206466				104.6		41.03						74.33		20.74								0		0				205		35.1

		162.3		55.58						0		0						161.3		54.89		55.584442919				122.7		40.51						87.22		20.47						Nighttime		153		17.3				226		49.7

		189.6		53.61				Shutdown		110		57.5						188.4		52.94		53.5529139475				137.5		39.89						97.77		20.16

		226.2		50.39														224.8		49.77		49.9164418604				160.6		38.47						114.2		19.45						Shutdown

		244		48.35														242.4		47.75		47.7410856473				191.6		36.17						136.2		18.28

		252.3		47.3						0		0		0				250.7		46.71		46.6132615716				206.7		34.7						146.9		17.54

		273.2		44.29						25		20		2.38888861				271.4		43.73		43.4999158386				213.8		33.95						152		17.16

		289.1		41.74						50		50.5		5.58333222				287.2		41.22		40.8201002028				231.4		31.78						164.5		16.06

		302.7		39.08						75				9.58333083				300.8		38.6		38.2916532286				244.9		29.95						174.1		15.14

		325.2		34.07						100				14.38888444				323.2		33.64		33.6561458955				256.4		28.05						182.3		14.18

		351.8		27.38						150				26.41665666				349.6		27.03		27.3946942442				275.5		24.45						195.9		12.36

										200				41.66664888												298		19.65						211.9		9.93

										225				50.49997749

										250				60.1388611

						0		0		0		0				0		0		0		0

						25		3		25		3.0820582505				25		5		25		4.9077326189

						50		7.5		50		7.4363264055				50		12.5		50		12.6548626564

						125		26.5		75		12.8892999355				75		22		75		21.8949046939

						202.6		52.5		100		19.2962475905				125		44		100		32.1900368564

										125		26.5124381205				146.3		56.4		125		44.0314997689

										150		34.3931402755								150		58.8395965564

				0		0				175		42.7936228055								160		66.0885341564

				153		20				200		51.5691544605								200		107.6822167564

				205		34				225		62.5								225		149.2026589189

				225		50.5				250		69.6664401455								250		208.6615724564

										260		73.2945590625								260		238.7953912564
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										Fixed Speed

										US GPM		Head (ft)																																Variable Speed

										0		0						Variable Speed - Design								Variable Speed - Normal								Variable Speed - Nighttime										US GPM		Head (ft)

		US GPM		Head (ft)				Design		225		50.5						US GPM		Head (ft)						US GPM		Head (ft)						US GPM		Head (ft)								0		0

										0		0																														Design		226		49.7

		0		60.22				Normal		202.6		52.5						0		59.47		59.6235580977				0		43.22						0		21.84								0		0				0		0

		123.4		57.17						0		0						122.6		59.46		57.6333617889				84.72		41.44						60.23		20.95						Normal		205		35.1				153		17.3

		144.8		56.44				Nighttime		146.3		56.4						143.9		55.74		56.6203206466				104.6		41.03						74.33		20.74								0		0				205		35.1

		162.3		55.58						0		0						161.3		54.89		55.584442919				122.7		40.51						87.22		20.47						Nighttime		153		17.3				226		49.7

		189.6		53.61				Shutdown		110		57.5						188.4		52.94		53.5529139475				137.5		39.89						97.77		20.16

		226.2		50.39														224.8		49.77		49.9164418604				160.6		38.47						114.2		19.45						Shutdown

		244		48.35														242.4		47.75		47.7410856473				191.6		36.17						136.2		18.28

		252.3		47.3						0		0		0				250.7		46.71		46.6132615716				206.7		34.7						146.9		17.54

		273.2		44.29						25		20		2.38888861				271.4		43.73		43.4999158386				213.8		33.95						152		17.16

		289.1		41.74						50		50.5		5.58333222				287.2		41.22		40.8201002028				231.4		31.78						164.5		16.06

		302.7		39.08						75				9.58333083				300.8		38.6		38.2916532286				244.9		29.95						174.1		15.14

		325.2		34.07						100				14.38888444				323.2		33.64		33.6561458955				256.4		28.05						182.3		14.18

		351.8		27.38						150				26.41665666				349.6		27.03		27.3946942442				275.5		24.45						195.9		12.36

										200				41.66664888												298		19.65						211.9		9.93

										225				50.49997749

										250				60.1388611

						0		0		0		0				0		0		0		0

						25		3		25		3.0820582505				25		5		25		4.9077326189

						50		7.5		50		7.4363264055				50		12.5		50		12.6548626564

						125		26.5		75		12.8892999355				75		22		75		21.8949046939

						202.6		52.5		100		19.2962475905				125		44		100		32.1900368564

										125		26.5124381205				146.3		56.4		125		44.0314997689

										150		34.3931402755								150		58.8395965564

				0		0				175		42.7936228055								160		66.0885341564

				153		20				200		51.5691544605								200		107.6822167564

				205		34				225		62.5								225		149.2026589189

				225		50.5				250		69.6664401455								250		208.6615724564

										260		73.2945590625								260		238.7953912564
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Energy Calculations
(2-Position Control Valves @ $0.10 / kwh)

% System Load
% of 

Operating 
hours

Operation Cost ($ per % of operating hours)

Fully Open No 
balancing

Manual Balancing Automatic Balancing

Fixed Speed 
Pumping

Variable Speed 
Pumping

Fixed Speed 
Pumping

Variable Speed 
Pumping

30 15.25 2026 1961 2031 1088 1084
40 19.75 2834 2744 2828 1961 1810
50 21.5 3251 3169 3275 2618 2186
60 14.25 2228 2185 2238 1841 1777
70 9.50 1521 1497 1545 1307 997
80 4.00 652 644 672 586 459
90 2.25 372 368 370 350 289

100 0.50 83 83 82 82 82
Approx. Annual Pump Running 

Cost  ($/year)
$12,967 $12,650 $13,041 $9836 $8686



Cv Rate Selection for Modulation

• Cv rate selection of Control Valve 
body is critical

• Uniform Cv rates lead to poor 
rangeability and performance

• Automatic Balancing Valves kick in 
to protect the unit from overflow High 

psi

Low 
psi



Automatic 
Balancing Valves 
& Modulation

P1P2P3

Design 3 GPM FLOW



Automatic 
Balancing Valves 
& Modulation
(Control Valve = 100% 
Open)

P3 P2 P1
9.2 PSI

4.7 PSI2.5 PSI

2.2 PSID

3.1 GPM

Design 3 GPM



Automatic 
Balancing Valves  
& Modulation
(Control Valve = 70% 
Open)

P3 P2 P1

15.2 PSI
3.2 PSI2.5 PSI

0.7 PSID

2.2 GPM

Design 3 GPM



Automatic 
Balancing Valves  
& Modulation
(Control Valve = 20% 
Open)

P3 P2 P1

22.0 PSI
2.5 PSI2.5 PSI

0.0 PSID

0.5 GPM

Design 3 GPM



Conclusion

Manual balancing valves are 
costly to install/balance & are 
ineffective during the system’s 
lifespan

Automatic balancing valves 
greatly reduce T&B time/cost, 
eliminate overflow by reacting to 
system pressure fluctuations, 
thereby saving energy & 
improving comfort



QUESTIONS ?
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