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Optimize your hydronic
building flow




80% of Buildings Efficiency Potential remains

untapped

Energy efficiency potential
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Definition of Energy Efficiency
“Using less energy without compromising the performance of the building”

Source: IEA World Energy Outlook (2012), energy.gov https://bit.ly/2p8PZ6s (2017), Energy 2020 European Commission (2011),
United Nations Environmental Program (UNEP) and United States Environmental Protection Agency (EPA)
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Modern buildings need designs

for greater flexibility and transparency

Past
Constant use
(~80% of buildings)

* Made between before 2000

* Constant air and water distribution
 Static flow balancing made for worst case
e 100% Energy consumption

T
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Today
Flexible use
(~20% of buildings)

* New energy requirements

* Variable air and flow distribution

e Static commissioning to perform
for the whole building

OPTIMIZING HYDRONIC SYSTEMS

Tomorrow
Flexible use Digital

High flexibility in use

Distributed function

Demand control based on additional data
Dynamic commissioning



Hydronic Balancing — History

Mechanical
Automatic
Balancing Valves

Automatic balancing valves (cartridge)

Pressure Independent
Control Valves
(PICV)

Connected Valves

Electronic Valves connected
to the cloud

Intelligent Valves

Connected valves with advanced
features loT/Al/ ...

Old Valves

Balancing made with gate valves
or other simple but
unappropriated devices

Manual Balancing
Valves

First device to provide some sort
of engineered balancing
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Dynamic balancing solutions by application

Modulating control Terminal
oIcy \\ Units Room On/Off Control

Distribution

Modulating Control
PICV Generation Intelligent

Valve

Advanced control data-driven
applications
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Hydronic distribution system must be
extended




Traditional desi

70 kW

18 °C

Apo = 20 kPa

13

12°C
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L

ogn of hydronic control circuit

Calculating of the kys-value

This means that all basic data is now available to calculate the key characteristics Apyigo, Voo and
the kys-value that are required for sizing the valve

Definition of the kys-value according to VDI 2173 is:
Apg = 1 bar (respectively 100 kPa) across the fully opened valve (nominal stroke Hygg)

The determination of the kys-value is based on the 2™ proportional law:
(see chapter: 2.4.1, Plant characteristic (piping network characteristic))

ap, (h)
3, \V

2

In this context:

APyigg = (M)
Ap, ks

2

Solve the equation for kys
[

APy

APyig

vs = Vigo - |
v

Determination of the other terms:

Py = P
ARJHDCI * ApD

Solve the equation for Ap, g0

Py Ap, 045-10kPa
By =75, =8Py = —gag - 82kPa
0386 0.86 100 kP
. N i | a
Vige = g = Vaoo Z20KPa - zgp =085 MM = Kysuurey =085 MUN (52w

Note:

The factor 0.86 consists of the specific heat capacity of water ¢y = 4.187 kJ/(kg-K), the density
p = 1000 kg/m®, the transformation from 1 kW to 1 kJ/s and the conversion from s to h

=30m*h

Appendix: Calculating the a-value

Definition of the a-value:
In general:
Die-Dai00
D1e -
For practical applications under near zero load conditions: (Vn = Vonin > 0)

a=f

=g Micimay dsiions

ATDmmNrsm\nad

Formulas used for calculating the a-value:
Radiators

Range approx. 0.5 ... 0.65 (supplier's specification, room control affecting mixture)

Floor heating systems
Range approx. ca. 0.8 ... 0.9 (supplier's specification, room control affecting misture)

Supply temperature control
For example mixing circutt a =1

Mixing circuits, water — water, f=1

3., controlled: 3, constant, 3., not controlled:
JR T T J T T
e -Faa Do -Tae

Mixing circuits, water — air, f=1

Preheating coil 92, controlled: Reheating coil 82, or room
_ e P temperature controlled:
T _ e -

Bie- e

a

For flow control, water — water, foararei now = 2; foounter now = 1

8., controlled ;. constant, 8., not controlled:
JRI azp Do B
D1e- P20 D1e -z

For flow control, water — air, f=0.6

Preheating coil 92, controlled: Air heating / cooling cail, 82, or room

temperature controlled:
e - Doy 3:05,31;"9;(50
e - 920

S
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PICVs in a nutshell

Control valve actuator

Continuous presetting
of required maximum
volumetric flow

Integrated differential
pressure controller

Pressure test points
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Energy performanc//




Example using a cooling application

AHU Caoil
e e m COOIing application
aini
°C : : 12°
e i v © At full load AT: 6 K

Chiller

Chiller efficient

‘l“
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Situation with static balancing

AHU Coil
m Typical risks:
: : Peaks, e.g. 25% overflow
6°C : . 8°C Oversupply leads
S to AT: 2K
Chiller - Chiller not efficient
e 1 | High power consumption
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Situation with PICV

AHU Coil
Results:
: Flow limited to 100%
sl
6°C 1v1 C Improved AT: 5 K

Chiller : Chiller quite efficient

ol
G i

Saved up to 30% energy
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Energy saving

© Siemens Switzerland Ltd, 2017

Saving Energy
using PICVs

How Dynamic-Balancing of
Hydronic Systems Yields up to
30% in Energy Distribution
Savings

Keeping temperatures under control

PICVs combine cost savings and comfort
Pressure-independent combi values (PICVs) play an important role in reducing
energy ion while building at optimal
setpoints. PICVs are effective because they use dynamic-balancing to handle
pressure fluctuations in a building’s hydronic system. Dynamic-balancing has two
‘major functions. First, it prevents the oversupply of consumers and the
subsequent hydronic interference. Second, it drastically reduces temperature
swings. As a result, the system uses less energy to maintain occupant comfort.

In addition, PICVs have a pre-setting function that provides even finer
temperature control accuracy, further eliminating temperature fluctuations and
discomfort. Asa result, occupants are less likely to raise of lower temperature
settings, adding to the overall energy savings that the valves generate. PICVs also
allow for advanced pump control strategies that reduce energy use even more. In
total, PICVs can generate energy savings of up to 30%. They can be used in
2lmost any heating and cooling application to provide year-round comfort for
building occupants.

This paper discusses the energy savings methods in detail and includes a case
study example that quantifies them.

siemens.comfacvatix

considerations

BSRI

A BSRIA ide www.bsria.co.uk

Energy Efficient Pumping
Systems

A design guide

By Chris Parsloe

Supported by

bretrust

BG 12/2011

ASH:HAE>_ 26 May. 2021
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Energy saving considerations

Figure | I: Alternative valve and pump centrol design seludens

Variable flow

Constant flow
Layout
A
LI - Single branch .
flow return
L2 - Split branch flow .
return layout

Two port control
valves on terminal
branches

Single DPCV on main
branch from riser.

* PICVs on all terminal
branches.

A

App = 30 kPa

|

X0

12°C

# Four port control
valves on terminal
branches. -

« Mo DPCVs or PICVs.

L4 - Looped reverse
return layout

LS - Single flow .
return layout
feeding valve
modules .

Two port control
valves on terminal
branches.

Differential pressure
sensor across the first
terminal branch to
control pump speed.

Neo DPCVs or PICYs.

Two port control
valves on terminal
branches.

DPCVs in modules

Courtesy BSRIA Limited

ASH:HAE} 26 May. 2021
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Energy saving considerations

Figure 2: Constant pressure pump speed control

Pump curve at full load
----- Pump curve at part load ®  Full load operating

-=-== System curve at part load

100%

Percentage full load pump pressure

——=— Pump speed control characteristic

point

——— System curve at full load 'O Part load operating point

50%

Percentage design flow rate

100%

Figure 3: Proportional pump speed control

Pump curve at full load ——=— Pump speed control characteristic
----- Pump curve at part load ®  Full load operating point

——— System curve at full load ) Part load operating point

-==== System curve at part load

100%

75%

50%

Percentage full load pump pressure

50% 100%

Percentage design flow rate

Courtesy BSRIA Limited
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Energy saving considerations

Figure 4: Remote sensor pump speed control

Pump curve at full load —=—=—Pump speed control characteristic = *i
----- Pump curve at part load ®  Full load operating point X
—— System curve at full load O Part load operating point #D-D_Ed
----- System curve at part load < Min load operating point Q_;

£ Yoy

I

I
£ 100% d I
a - j% Differential |
3 N 4 A pressure
s s

v sensor
o B
g R
o
R
il
I 38%
8 % X
2 20% T
o
ot A
10% 50% 100%
Percentage design flow rate
Courtesy BSRIA Limited
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Energy saving considerations

Figure 12: Comparative pump energy consumption for alternative pipe s esign solutions Figure | 1: Alcernative valve and pump control design solutions
Constant flow Vari flow
Constant flow Variable flow Layout
A B C
Pump speed constant Constant pressure control Remote sensor control
» 4 Ll - Single b & Two port control
Lo -25% flow return valves on terminal
— branches » PICVs on all terminal

B : branches.
L2 - Split branch flow e Single DPCV on main i

_50% return layout branch from riser.

» Four port control i

iy i % n <T i

+ No DPCYV. PICVs.
L4 - Looped reverse = :

return layout :XO

LS - Single flow “‘% s*c—%

Relative energy consumptions (%)

X0

return layout 2 A —
2 U O R R B® L 2 O L R D
SURGAN N SN STEPEFRS SO AN N feeding valve branches.
Alternative pipe layouts/valve options/pump control methods modules + DPCVs in modules

Courtesy BSRIA Limited
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Cost of a PICV /I




From 67 valves down to 30 PICV

eeeeeeeeeeeee



Valves cost in a project = Overall picture
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Static Dynamic
Balancing Balancing
# Units (E.g. with DN15) 500 500

Product Cost

(Valves/Actuator)

Installation and commissioning Install = 1h Install = 0.5h
Commissioning = 1h Commissioning = 0.5h
€ 60,000 € 30,000

Total Cost of Installation €157°500 € 114’000
(-28%)

OPTIMIZING HYDRONIC SYSTEMS
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Potential with Intelligent
Valve solution




Hydronic distribution system
Flow under control thanks to PICV

n




Intelligent Valve Solutions —

]

]

Building -

. . !
High-resolution Controller box Automation !
actuator Controllers i
e ——————————

________________ }

i

Building :

Control Management |
valve System i
N Y I

i

]

———————————————

Ultrasonic Fmm—————————— .
flow sensor : Cloud |
Building : :

0 I I

' I

Paired temperature Vobile ' !
sensors for flow and return App E Local !
I 1

L I
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Comparison of PICV vs. Intelligent Valve

PICV Intelligent Valve
Fast acting — high depta P Moderate acting — moderate delta P
Local presetting Local and remote presetting

Real time flow / temperature / power
measurment

Power Limitation/Control

Delta T Limitation

Optimization Algorithems

Network integration of all these values

Local and remote alarming

ASHRAE )
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Combine PICV’s with Intelligent Valve
For maximum efficiency and atfordable cost
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Intelligent Valve Solution —
Continuous optimization without effort

Controller box

Dynamic flow control

Energy monitoring

Heat exchanger optimization

Think
Act
Communicate

ASHRAE )
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Intelligent Valve Solution
Situation with PICV

AHU Coil

ASHRAE )
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Results:

Flow limited to 100%

Improved AT: 5 K

Chiller quite efficient

Saved up to 30% energy

26 May. 2021 OPTIMIZING HYDRONIC SYSTEMS




Intelligent Valve Solution
Situation with PICV

700 30
Standard Valve
620 \ —
600
25
500
20
AHU Coil g
= 400
’q;, 15
- 2 300
o
oM o 10
6°C 11°C 200
v
100 &P
0 0
0 20 40 60 80 100 120 140 160
Volume Flow [m3/h]
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Situation with Intelligent Valve

AHU Coil

\r

E v
Chiller : :
el | Intelligent
‘Fl- my * : " g N\
= fY \ . Valve

ASI@ 26 May. 2021 OPTIMIZING HYDRONIC SYSTEMS
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Results:

Seeks optimal AT:
flow limited to 80%

Maximized AT: 6 K

Chiller efficient

Saved 7% energy
in addition to PICV




Intelligent Valve Solution
Situation with intelligent Solution

700 30
\ S
898 18 25
500
20
AHU Coil = 400
B 15
= 300
o
10

12°C 200 & K

0 0
0 20 40 60 80 100 120 140 160

Volume Flow [m3/h]
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That is nice, but it
also means a higher
iInvestment for me!

Our building proxy

+ Office complex to be refurnished

+ 20 Intelligent Valves in Distribution:

* 4 AHUs (8 Intelligent Valves)

+ 3 distribution bars (12 Intelligent Valves)
« 500 PICVs in 500 rooms

« “Build and use” (owner = tenant) and therefore focus on
* Hydronic balancing
* Energy optimization
* Flow transparency and remote operation

Building proxy information based on information from a real project.

YDRONIC SYSTEMS 33




That is nice, but it
also means a higher
iInvestment for me!

Energy savings are calculated by our application experts.

Investment

Typical invest
20 PICVs (DN15-100)

€8,950

Typical invest
20 Intelligent Valves

(DN15 — 100)

€16,500
Typical €7,550
Delta

Saving

Typical yearly HVAC 980 MWh
energy consumption

Typical energy cost €100/MWh

Typical yearly HVAC €98,000
energy spending

Average additional relative ~79%
energy saving vs. PICV (in %)

Estimated absolute yearly energy €6 860
saving vs. PICV

YDRONIC SYSTEMS

Break even ~ 13 month

34



Creating connectivity

for existing and new
buildings




See what matters for your consumers

E—‘!j Rack ZW07 366
ErH S

. See what matters with a dashboard

B clear understanding of application and relevant
sensor readings

B Be aware of any alarms send by device

= Energy
ammmm Monitoring

ASHRAE )
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Hourly break down of energy data and report

O Hourly break down of total flow and energy data

B self-adaptive dashboard based on cooling and
heating mode

B Generate energy report

High energy
efficiency

ASI@ 26 May. 2021 OPTIMIZING HYDRONIC SYSTEMS 37
Hellenic Chapter



Comprehensive data history and remote operation

O Investigate data history for data points
O Change parameters remotely with no effort

B Generate data point report

N Aways full
K./ transparency

26 May. 2021 OPTIMIZING HYDRONIC SYSTEMS 38
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Increase transparency — on every system level

* Use case: Monitor current state with Plant and Device Graphics
(V|ew and operate your Intelligent VaIve(s) in your faC|I|ty)

mmmmmmmmmmmmmmmmmmmmmm

, @E > [} & e B :’
Sy ==k e —
s A Sem—
a =@ [ 20
| ‘JL e —
P TN O e rum
M g T
% et st et [ e
,\)v-u
N e
» Use case: Troubleshoot on management level
(Detect and locate malfunctions ea rIy and eff|C|entIy) : F
SIEMENS : : Menu K7 1 “ )
’ LifeSalety' SSSSS ity\ Supervisoryl Troublel- Medium; Lowl FFFFF i Sthqu . - Y= ‘))) » % e
Event List - Logical.BACnet Network.Building.Vent_& air cond_plants.Air handling unit East Wing.Cooling coil.Intelligent valve - Fault - Filter By: Categories = <High> 9
| ——
| Off Normal Fault e e e 0. rapi v i g
ASHRAE -
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THANK YOU!
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George Voulvoutzis
george.voulvoutzis@siemens.com

GOLD SPONSOR
SPONSORS
. Y4 > CALDA /':h ) i S
\\ AXIA INNOVATION BELIMO G ENERGY WDAIKIN D:L'PHIS @ LG [Sito W e

w Schneider SIEMENS # systemair wi l o) e m




