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« Supermarket and energy

Electricity consumption in large supermarkets in the US is
estimated to be 4% of the national electricity use. While In Sweden
it is around 3%.

Typical Electric Energy Usage in A Grocery Store in U.S. Energy Usage in A Supermarket in Sweden
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« The types of refrigeration system:

1) Stand-alone equipment
Plug-in equipment which are used to display ice-cream or
beverages

2) Condensing unit
Small size refrigeration equipment which are suitable for
convenience stores and small supermarket.

3) Centralized system
Big size refrigeration equipment which is with a central refrigeration
unit in the machine room. It DIRECTLY (direct system) or
INDIRECTLY (indirect system) transfer the cooling to the display
cabinets.
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~ 3)Centralized syste |
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*Centralized system
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1.Introduction

* Indirect system

Advantages:
Less refrigerant charge,thus less refrigerant leakage probability;
Less operation and maintenance (O&M) cost;
The possibility of using natural refrigerants.

Disadvantages:
Risk for corrosion (brine is corrosive);
Pump work increase the cooling load;
Pressure loss (flow control valves, bents, long pipes, etc) in the brine loop.
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existing system (indirect) in the
lab

Machine Room
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« Central pump

Power

1.Introduction

= density*gravity* AHead*Flow rate

pump™
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* Decentralized pumps

Advantages:
Lower installation cost (less labour work, no need to even the flow

of each cabinet); No pressure loss, thus less total energy
consumption; Better flow distribution for each cabinet; No need for control
valve;

Disadvantages:
Always a small amount of flow pushed through the decentralized
pump even when it is switched off, it is because of the operation of
central pump; More expensive( needs to be verified for price).

30/06/2009 Zhenggian Cai, Master student, KTH 12
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2 Objectives

Pre-study
e Test equipment
* |nstrumentation
* Tunning
» Test steps
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2. Objectives

* Pre-study ( Based on Eric Granryd,2007)

The higher brine flow improves the heat transfer in cabinets and
iIncreases evaporation temperature in the chillers(increases
cooling COP).

But it requires more pump electricity consumption, which also
Increases the cooling load.

30/06/2009 Zhenggian Cai, Master student, KTH
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« Test equipment
Main test equipment
2 parallel chillers (step controlled)
1 central circulation pump
4 display cabinets
1 cooling tower
Assistant equipment :
1 humidifier
[ electric heater
1 voltage converter

30/06/2009 Zhenggian Cai, Master student, KTH
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 Instrumentation

Pressure sensors Humidity sensors

Pressure difference
sensor Flow meter

Electricity meter
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2. Objectives

* Tuning
To make the cooling system perform stable and with the constant
food temperature in the display cabinets, it is badly required for the
optimization of the equipment’s setting.

Compressors setting:
Neutral zone, -K and +K (Danfoss sequential control method).

Display cabinets setting:
Cut-out temperature, temperature difference, defrost interval,
defrost cut-out temperature.

30/06/2009 Zhenggian Cai, Master student, KTH 17
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Test steps
1. Central pump with fixed speed ( with external voltage signal) and
solenoid valves.

a)’.s5Vv

b)7V

c)6.5V
2. Central pump with speed controlled and solenoid valves.

a)AP-c controlled

b)AP-v controlled
3. Central pump with AP-c controlled and decentralized pumps with
AP-c controlled

30/06/2009 Zhenggian Cai, Master student, KTH 18
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3.Test system

« The property of refrigerant and brine

* The property of central pump and decentralized pumps

« System Layout and measure points

 Ambient condition

« Basic parameters

* Pre- analysis to assume the ideal pump power proportation
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The property of refrigerant and brine

Refrigerant :
R404A;
A ternary mixture of R125, R143a, and R134a;
Normal boiling point (1 atm): -46.8 C;
Density (liquid) at 25°C: 1045kg/m3:
Ozone depletion potential (ODP): 0;
Brine (chilled water):
40% propolene glycol;
A mixture of 40 mass % propolene and 60 mass % water;
Freezing point: -21 C;
Density (liquid) at 25°C: 1028kg/ms3;

30/06/2009 Zhenggian Cai, Master student, KTH
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« The property of central pump and decentralised pumps

Central pump
Wilo-IP-E 50/5-28
Power supply P,=0.3 to 5.45 kW

Rotation speed n: 1100 to 2900 rpm (external signal from 3 to 10 V)
Shaft power P,=4 kW

3.Test system

Decentralized pump
Wilo-stratos- PARA 15/1-7
Power supply P,=0.07 kW

Rotation speed n: 1100 to 4450 rpm (external signal from 3 to 10 V)
Shaft power P,=0.05 kW

P.S. P, * Efficiency, = P,, P, * Efficiency, = Hydraulic power ( which makes
the flow), P, adds the extra cooling load to the brine loop.

30/06/2009 Zhenggian Cai, Master student, KTH 21
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Pump energy loss and extra cooling load

P, ->motor loss in the form of heat to ambient (efficiency.) -> P,
P, ->shaft abrasion and impeller friction (efficiency,) -> Hydraulic power
( which makes the flow)

P2 is the extra cooling load from pump (which leads to more chillers energy
consumption).

When the pump efficiency is increased, both efficiency, and
efficiency,are increased. Thus, for the same brine flow, it requires
less pump energy supply and reduces the extra cooling load.

30/06/2009 Zhenggian Cai, Master student, KTH 22
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«System Layout and

Brine system(Solenoid Valves)

measure points
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TC 1 [~ TC

Solenoid valve  Manual valve

(X PDIff.
. A 4
Bypass _
> > >
@® @ ou oU
j% 1O D% 10 ® %D 1@ %D
N N N N N N
|
Cabinet.1 Cabinet.2 Cabinet.3 Cabinet.4

30/06/2009 Zhenggian Cai, Master student, KTH

23



energl & kyl

measure points

30/06/2009

Zhenggian Cai, Master student, KTH

centrum

«System Layout and

3.Test system

Brine system(Decentralized pumps)
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«System Layout and Cooling machine system

measure points

Water out
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« Ambient condition

Room temperature: 20 C.

Room humidity: 30%.

30/06/2009
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3.Test system

 Basic parameters

Food temperature: ca. 4 C.
Evaporation temperature (t,): ca. -13 C.
Condensing temperature: ca. 36 C.

Air temperature enter the cabinet’s heat exchanger (t., ..): ca.6 C.
Power of all cabinets’ fans: 200W.
Power of all cabinets’ controllers: 40W.

30/06/2009 Zhenggian Cai, Master student, KTH 27
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3.Test system

* Pre- analysis to assume the ideal pump power ( based on the
theory from Eric Granryd, 2007)

1)To get the maximum net cooling CORP,, (Net coefficient of
performance) :

[ (Ep+Efan)/ QZ] (max COP2y) =g *X evap : 92

Where ng is from 0.1 to 0.15 ( differs from different HX

performance), Y..., = - ,(where ¢,=1.25),
— : —12-(1- f;r'C) I
92_tsource't2’

P.S. COP,=(Q2-Ep-Efan)/(Ec+Ep+Efan)

30/06/2009 Zhenggian Cai, Master student, KTH 28
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3.Test system

Xevap V.S. Evaporating temperature for different refrigerants
T 0,008 . . . .
\\
> \
=1
1)
=
X ==se==1
w» 0,005 e X 4] R4 04A ——— ety Xev ap R404A—
§ - — A~ Xcopd R410A ~ [ Xevap R410A -
g 0,004 _ X~ Xcohd R134a ~ ¥~ Xevap R134a—
“ oo00al - O= Xcpnd R22 =O= Xevap, R22
; I - = Xchnd R717 - XV AP RTW—_
0,002
0,001 | |
0 I L L L L |
-30 20 -10 0 10

Evaporating temperature, °C

[(Ep*Ern)/Qalimax copan™E ™ Xevap ~ 62=0-1 = 0.0063 [6-(-13)] =
0.018 =1.2%
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*Pre- analysis to assume the ideal pump power

2) To get the maximum net capacity Q,y. (Quy =Q-E,-Ey,p)

[ (Ep+Efan)/ QZ] (max QZN)=,7E : kq . 92

Where n¢ is from 0.1 10 0.15, &= E(‘ngh}_l [1°CT it expresses

how the refrigeration capacity (Q,) changes with the evaporation

temperature(t,), 0,=t.,  co-to;

30/06/2009 Zhenggian Cai, Master student, KTH 30
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3.Test system

k, V.S. Evaporating temperature for different refrigerants

= 0,08 , , , | |
= £ — 57— R134a Recip |
L
S 0,07 [ --@=R717 Recip
= L e - 22 Recip }
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Evaporating temperature, °C
[(E *Ean)/ Qo max 0.1 * kg * 6,=0.1 * 0.036* [6-(-13)] = 0.1026
=6.8%
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3.Test system

3

2.8 2 . e COP,, Pump & Fan efficiency = 0,3 _|
I s al p. e — —COP,, Dcuble bring pressure drop
26 41 BN

From the above theoretical
calculation, we know that:
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Another similar test from ( Eric, 2007)

30/06/2009 Zhenggian Cai, Master student, KTH 32



energi & kyl

4.Testing and Results

4 Testing and Results

Reference parameters
* Property curves of each step
 Energy breakdown
* Further improvements
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4.Testing and Results

Reference parameters

Humidity and temperature
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4.Testing and Results

Food temperature
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Performance of the main chiller ( unit A)
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Property curves of each step
1) Central pump flxed speed

4.Testing and Results
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Property curves of each step
1) Central pump flxed speed
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improvement of
efficiency?

— 0.3

1 0.2

2) Central pump with different control methods
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4.Testing and Results

Not that much space to control, because the system flow is at

the lowest level of pump design flow range. ( Bypass is very
restricted, thus, the system curve is very steep.)

system curve \K
fixed
a | Eugne‘; curve| 2
N g Q. S

AN N

flow flow
Pressure difference Pressure difference
constant variable

(AP-c controlled 12m) (AP-v controlled 23m)

30/06/2009 Zhenggian Cai, Master student, KTH 40



energl & kyl
centrum

4.Testing and Results

3) Decentralized pump (Dpump)
— Each Dpump has the setting of AP=4m.

— Controlled from cabinet’s controller, which is with on/off function and
previously used for solenoid valves.

— Energy of the Dpumps V.S. solenoid valves over 24hr.
Dpumps = 2.2kWh; solenoid valves = 1.0 kWh;

— Power of each Dpump is 23W, which is the averaged value during 24hr
(solenoid valve = 10W).

— Energy difference of Cpump over 24hr, Before V.S. After
Optimum speed (6.5V) =778W; Cooperate with Dpumps =550 W,

30/06/2009 Zhenggian Cai, Master student, KTH 41
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(for reference) Dpump AP-c=4m,Cpump AP-c=9m.
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4.Testing and Results

Inlet and outlet pressure difference of cabinet1’s heat

exchanger
-~
) Lire <
||| A .'v'ﬂl ”“ G= E
I|r'l""..l A |I [ I,'\‘ I.l, § q) ™
o II o Pﬁ'l A M r"| | | |rl | |I | | || I| I i II‘ | | s
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,c%\ a0 WA Main|brine flow u e 4 AV g | | ‘L | |' \ “I' NN Wy ——
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D_ ]
<l
: | Press ure differ Ce 112
i3 W 1 LAT2e0 1243:08 A0 Smoother control and still
0.5 with the same level of AP,
tine tine which means even when
Optimum fixed speed Decentralized pump the total brine flow is less,
can still be sufficient.
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4.Testing and Results

 Energy breakdown
250 : Save total energy 8.3kWh,
Total energy consumption over
~ 24hr
200 H —
E | o OFcomp? (kWh)
= 150 (P ———— O Ecompl (kWh)
= — | |OE_Cab. (kWh)
= OE_Dpunp. (Ah)
O 100 — | |WE_Svalve. (kWh)
() OE Cpump (kWh,
(e
m —
50 H | —
0 .
oy ) R < N A & )
v i = ' ‘G‘% A ’ P > Q\':-é'q &é
L I @

P.S. Dpumps* is the condition in which a better size central pump is used. Based on A H and flow, the
lower power consumption can be achieved. Thus, the less pump and compressor power.
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4.Testing and Results

60
Pumps energy consumption over 24hr

30 /|

save pump energy 34.1%  save pump energy 17.0%

40 >

O E_Dpump. (kWh)

20 =
O E_Cpump (kWh)

20

Energy (kWh)

10
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4.Testing and Results

Energy saving potential:

Energy consumption over 24hr

test Enerszv(kWh) Save in kWh Save in %
Nax speed(10V) 214, 051

optimum speed(f. &) 141, 3749 T2 BT ad, [
Dy 133,135 A, 918 AT, B
Dpamp* 129, 921 hd, 13 a4, 3

The saving in overall energy consumption is 8%. When comparing
the optimized centralized system with decentralized system with

adapted Cpump.

Dpumps™ is the condition in which a more adapted central pump(Wilo IP -E32/100-0.55/2)
is used. Based on AH and flow, the lower power consumption can be got.
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4.Testing and Results

In the optimized speed case (6.5V) :
(Ep+Efan) / Q2=(18.7+0.2724)/(114.2 * 3.0)= 6.8%

y( The more adapted pump ( higher efficiency) is used:

(Ep+Efan) / Q2=(12.2+0.2*24)/(114.2 * 3.0)= 5.0%

To get the maximum system efficiency(COP,,) :
(Ep+Efan) / Q2= 1.8%

To get the max cooling capacity (Q2N):
(Ep+Efan) / Q2= 10.3% ;

30/06/2009 Zhenggian Cai, Master student, KTH
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5.Further improvements

 Further improvements

1) Capacity controlled decentralized pumps (PID).

2) Decentralized pumps at the chiller side
3) Advanced control at the chiller side

30/06/2009 Zhenggian Cai, Master student, KTH
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1) Capacity controlled decentralized pumps (PID).

Based on the air out
temperature of cabinet’'s HX.

Eg. Setting = 2.5C, the bigger
the difference between actual
value and setting value, the
higher the pump speed. Once
the actual temperature is lower
than 2.5 'C, pump stops.

30/06/2009 Zhenggian Cai, Master student, KTH 49
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5.Further improvements

Air out temperature of Cabint1’s HX

t(C)
; more accuracy,
I softer control
4 Cutint=35C fﬁ
a'gnh VT I JMhiﬂﬂaﬂMnmm L A
| ) }/ l\f } /ﬂv\ ﬂ I)U\\ N }f\\ IHH”U[\\ }r {f\\ IJ }M [l \\ {/ \\ I/ l\ / \\ ]J 1\ / \\ {H\ /H\ ]HVA\ ’f \\ f/ \ / l] II\\ // \ JI \\ I"Uﬂ\ }hum\ /”w\\ }ﬂf\ ’ﬂ\ I] \\ }ﬂuﬂ\ ;! L\ Jﬂuﬁ\ }f V\k
110 L I R A A A
- ! ” ! | Setting point=2.5TC
| Cutoutt=1.5"C
)3
01 LT OB e Gl DB AT ta GT 109 120139 4B L6T 6D 161199 1 13 25 37 49 61 T3 63 T 109 101 139 145 137 169 181 1%
solenoid valve decentralized pump decentralized pump

(PID)
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5.Further improvements

2) Decentralized pumps at the chiller side
The pump speed is changing according to the chillers evaporation
temperature(t2), thus the optimum refrlgeratlon eff|C|ency (COPmax)
can be achieved.

Y

3) Advanced control at the chiller side
Both Decentralized pumps and compressors are capacity controlled by
the chilled water outlet temperatrue - ___________

—————————————————

|

__________________

com‘rollerl-“""““E _>+:=]
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5.Conclusion

5.Conclusion

* Well instrumented miniature supermarket is achieved

« Expected Tests have been performed
— Fixed speed
— Controlled central pump
— Decentralized pumps
« Energy consumptions of each condition are estimated

— As compared to the optimized centralised pump system, the saving for
total energy is 8.0% and for pump energy is 34.1%.

30/06/2009 Zhenggian Cai, Master student, KTH
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5.Conclusion

* PID controlled of one decentralized pump is achieved.
— As can be told from the results, it is with smoother and more precise
controlled of the air out temperature in the cabinet.
« Shorter start up time for the decentralized pump system.

— It requires less labour work in the installation process. As for the solenoid
valve system, it requires the valve adjustment to even the brine flow of
each cabinet, because each cabinet is with different piping condition, thus

different pressure loss.
* Further improvements to the concept has been identified. Which

can further reduce the pump power.

— Optimized controlled in the cabinets
— System integration( better team work between pumps and compressors)
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