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Performance-Evaluation of : Executive Summary

ElectroFlow™

We are delighted to report that, following the receipt of series of actual data for
ElectroFlow™ “OFF”, and ElectroFlow™ “ON” conditions. The subsequent comprehensive
Statistical Path Analysis (SPA), for the purpose of ElectroFlow™ performance verification,
revealed that the actual reduction greatly exceeded those initially projected!
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ElectroFlow™ Standard Features

Performance * Evaluation of :
ElectroFlow™

1. Voltage Improvement 2. Three-Phase Balancing 3. Surge and Transient
and Stability Real-time reduction of phase | Suppression

Improves and stabilizes current, and balancing of Shields against an infinite
the voltage supplied to the | 1534 over the three phases, number of surges,

load, thereby minimizing based on X/R and Z, thereby | transients, and spikes,
heat generation, resulting reducing negative voltage thereby protecting your
in energy savings, sequence and circulating investment in plant and

improved production, and |  yrrents; resulting in energy | equipment, while saving

increased equipment savings and reduced money.

efficiency and longevity. equipment maintenance and

failure.
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Performance Evaluation of :
ElectroFlow™

ElectroFlow™ Standard Features

4. Broadband Harmonics
Mitigation

Mitigation broadband
harmonics, resulting in
increased equipment
longevity, while
proportionally reducing
the effects of harmonics
on monthly electric bills.
It is modular in structure
and expandable.

5. Power Factor
Improvement

Optimizes system power
factor to a nominal .95 -
unity, at a fraction of
standard capacitor bank,
but without any
deleterious capacitor side
effects

6. Releasing KVA capacity
It effectively reduces all
three components of
power, in a balanced form.
It reduces Apparent Power
(KVA), Real Power (KW),
and Reactive Power
(KVAR). Hence, allowing
loads to be added without
increasing the size of
transformer(s),
switchgear(s), or cabling.
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Performance * Evaluation of : SaViI‘lgS PI‘OjeCtEd FOI‘ 5
ElectroFlow™ XFMR M AIN S

Transformer Size: 1,250 KVA
Measurement Location: PMC5R

Preliminary projected savings from the Baseline Energy Audit, as reflected in the proposal:

Estimated Reduction-Annual Demand (KWD): 226
Estimated Reduction-Annual Consumption (KWH): 95,730
Estimated, Annual,Demand Savings (USD): $ 1,089
Estimated Annual Consumption Savings (USD): $ 3,921

Estimated Annual FElectric Bill Savings (USD): $ 5,106
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- Baseline Energy Audit

Performance - Evaluation-of : — . =
ElectroFlow™ A, Ty

Minimum Maximum Minimum Maximum Minimum Maximum

1 - - - -

B-Phase 3,293 3,312

1 - - - -
Highest Current THD of the Three phases(%): 21.00 ||For Phase C

Voltage THD of the phase with the highest Current THD (%): 2.10  ||For Phase C

Power Quality Issues:
e Voltage Improvement and Stability
e Three-Phase Current Balancing
e Power Factor Improvement
e Broadband Harmonics Mitigation
e Surge and Transient Suppression
e Releasing KVA Capacity
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Load Profile -Electric Bill 's Baseline
Performance Evaluation of: 12-M01‘lth Demal‘ld Gl‘aphS

ElectroFlow™

Demand Graphs

MONTHS

Average Monthly Demand : 230.00 KW
Average Monthly Demand Charge: ¢ 1,200.00
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Load Profile -Electric Bill 's Baseline
Performance ' Evaluation of : 12_M0nth Usage Graphs

EléctroFlow™

Usage Graphs

KWH Charge MONTHS

Average Monthly Consumption:  70,676.50 KWH

Average Monthly Consumption Charge: 2 627.50
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Load Profile -Electric Bill 's Baseline
Performance Evaluation of : 12-M01‘1th TOtal Chal‘ge Gl‘aph

ElectroFlow™

Total Charge Graph

Total ($) Charge Total ($) Charge
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3500 3500
3000 3000
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2000 1500
1500 1000

1000

500 500

Total Charge
3 MONTHS

2
Total Charge

Average Monthly Total Charge: $ 3,708.33
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Performance-Evaluation of : SPA Baseline MEthOdOlogy

ElectroFlow™

The purpose of the SPA analysis is to answer following two questions?
1. Does ElectroFlow™ address the power quality issue as expected?
2. Does ElectroFlow™ meet or exceed the energy savings projected?

It is very important to establish a baseline methodology for the purpose of answering
these two questions.

Hence, the following facts should be used as guidelines for accurately veritying
performance of any energy saving devices, including ElectroFlow™:
e ElectroFlow™ is a passive system, and does not consume measurable Real
Power (KW). This can easily be verified by actual measurements taken at
ElectroFlow™ main breaker/disconnect switch.
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SPA Baseline Methodology

PMC5R

Performance Evaluation of:
ElectroFlow™

e ElectroFlow™ connects in parallel. As a result, if ElectroFlow™ system fails, it will
not affect the facility load. Hence it is guaranteed that the system is fail-safe, in
comparison to energy saving devices that connect in series. ElectroFlow™ can easily
be turned “ON”, or “OFF”, to collect data for verification of the effects of
ElectroFlow™ on the load.

e For both ElectroFlow™ “ON”, and ElectroFlow™ “OFF” conditions, it is required to
tabulate all of the pertinent Dependent Variables: Demand (KWD), and
Consumption (KWH), as well as all of the power quality variables: Voltage, Current,
Power Factor, Total Harmonics Distortion for all of the three phases.

e The collected data such as Demand (KW), and/or Usage (KWH) should not be
simply averaged, added, or subtracted; as means to compare or analyze the
variables.
similarly, one must not, for the sake of comparison, simply collect data of
ElectroFlow™ "ON " and "OFF" for periods such as : Daily, Weekly, or Monthly!
Because this methodology does not take into account the load variation/load profile,
and Load Factor. Such incorrect method completely ignores the “Apples-To-Apples”
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Performance Evaluation of- SPA Data COlleCtiOI‘l MethOdOIOgy

ElectroFlow™

Data collection for performing accurate SPA analysis should be conducted based on
the following conditions:

e Testing and measurements must be conducted using a three-phase power
analyzer capable of data logging at a minimum rate of 128 samples per cycle,
which equates to 7,680 times per second at 60 Hz, or 6,400 samples per second at
50 Hz. The three-phase variables to be measured on the per minute basis, for the
purpose of power quality as well as energy savings, are: voltage, current, power
factor, harmonics, Demand (KW), and Usage (KWH).

e All of the three-phase values must be displayed on per-minute or shorter basis,
for several consecutive periods of 15 minutes “ON”, and 15 minutes “OFF”. This
is practically recommended, because most of utility companies' Demand Meters
register Maximum monthly KW Demand, based on the highest sliding 15-minute
interval in that month; which is subsequently billed to, and paid by the customer.
In addition, such short-duration sampling and comparison, minimizes effects of
other independent variables such as: load variation/load profile, unit of
production, and change of weather, in such comparison testing.
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Performance-Evaluation of : SPA Data COlleCtion MEthOdOlogy

ElectroFlow™

e For the purpose of this study Harmonitor™ 3000 is used, with sampling rate of 256
samples per cycle, at 60/50 Hz frequency. It collects Voltage, Current, Power Factor,
Harmonics, Demand, and Usage for all of the three-phases.

13
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SPA Analysis Methodology

Performance Evaluation of :
ElectroFlow™

For performing scientific and accurate SPA analysis, following guidelines are set:

e In order to correctly analyze effects of ElectroFlow™ “ON”, and ElectroFlow™
“OFF”, conditions of Demand (KW), and/or Usage (KWH), theoretically speaking,
the load should be kept constant. One can then proceed to analyze Demand
reduction from the test data of both conditions, where Usage (KWH) reduction can
be calculated from the cumulative values for both conditions.

e However, practically speaking, it is clear that the load is variable, even on the
per-minute basis, which makes “Apples-To-Apples” comparison difficult.

e In such a case, the most accurate method is to use linear/non-linear regression
method to predict Demand (KW), based on the measured conditions. Such an
analysis allows to predict the accurate comparison of Demand (KW), and/or Usage
(KWH) with respect to changes in the status of ElectroFlow™ based on the
per-minute data collected, and accurately determine its demand and/or energy
savings effects; even when the load is fluctuating in a rapidly variable load profile.
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ElectroFlow™
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Performance_ Evaluation of : S PA AI‘l aIYSiS M EthO dOlO gy

ElectroFlow™

Formula (1): This represents the Real Power components, including the balanced/symmetrical
Real Power, and the imbalanced/Asymmetrical Real Power, as well as the zero sequence.

Formula (2): The non-zero sequence components of Real Power are accurately considered. The
balanced three-phase Real Power, and imbalanced components of Real Power, as well as
Positive, and Negative sequence harmonics can be integrated in the same formula, and may be
accurately calculated and accounted for, based on the direction of harmonics; in the formula.
Furthermore, the negative voltage sequence, as well as the positive voltage sequence can be
calculated and accounted for using the same methodology.
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Performance Eyvaluation of : S P A AnaIYSiS M etho dOlO gy

ElectroFlow™

Formula (3): The zero-sequence components of Real Power are accurately considered. The
balanced three-phase zero-sequence Real Power, as well as imbalanced components of
zero-sequence Real Power are accounted for.

The regression analysis is performed on the Statistical Path Analysis (SPA) data collected at
the facility with ElectroFlow™ “ON”, and “OFF”, as compared against the load data
previously collected at the Audit stage, and the pertinent information supplied about the
electrical distribution layout.

MATLAB software, which is the standard software used by the scientific community and
professionals for this purpose, is used to perform the mathematical analysis.

17
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Data collected For
i : 8 ! ! o
Reemin g R litoTgg ElectroFlow  'ON' Period
KW V(A) V(B) V(O) I(A) I(B) I(C) PF(A)  PF(B) PF(C) Itip(A)  Itep(B) Irep(C)
214.00 3.339.00 3.379.00 3.367.00  102.00 101.00 102.00 0.99 1.00 1.00 1.33 1.85 1.78
212.00 3.285.00 3.387.00 3.376.00  101.00 101.00 359.94 0.99 1.00 1.00 1.23 1.78 1.70
213.00 3.379.00 3.372.00 3.388.00  101.00 101.00 103.00 0.99 1.00 1.00 1.32 1.87 1.60
210.00 3.385.00 3.378.00 3.362.00  102.00 102.00 105.00 0.99 1.00 1.00 1.28 1.85 1.77
211.00 3.387.00 3.362.00 3.375.00  100.00 102.00 101.00 0.99 1.00 1.00 1.25 1.77 1.61
213.00 3.356.00 3.384.00 3.359.00  100.00 105.00 102.00 0.99 1.00 1.00 1.47 1.97 1.84
215.00 3.379.00 3.363.00 3.388.00  104.00 104.00 100.00 0.99 1.00 1.00 1.30 1.78 1.67
211.00 3.279.00 3.357.00 3.367.00  101.00 102.00 104.00 0.99 1.00 1.00 1.25 1.87 1.68
212.00 3.291.00 3.389.00 3.371.00  104.00 101.00 102.00 0.99 1.00 1.00 1.17 1.76 1.74
214.00 3.387.00 3.382.00 3.345.00  102.00 100.00 102.00 0.99 1.00 1.00 1.34 1.88 1.82
213.00 3.288.00 3.368.00 3.362.00  104.00 102.00 104.00 0.99 1.00 1.00 1.31 1.80 1.66
214.00 3.254.00 3.369.00 3.383.00  102.00 104.00 100.00 0.99 1.00 1.00 1.38 1.84 1.72
211.00 3.266.00 3.374.00 3.369.00  100.00 102.00 102.00 0.99 1.00 1.00 1.25 1.75 1.64
210.00 3.267.00 3.372.00 3.356.00  100.00 104.00 101.00 0.99 1.00 1.00 1.34 1.89 1.60

215.00 3.356.00 3.362.00 3.381.00  103.00 104.00 102.00 0.99 1.00 1.00 1.29 1.82 1.57
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Performance Evaluation of :
ElectroFlow™

KW

232.00

234.00

235.00

233.00

237.00

235.00

238.00

233.00

236.00

236.00

238.00

235.00

231.00

232.00

234.00

V(A)

3.287.00
3.287.00
3.275.00
3.278.00
3.288.00
3.247.00
3.236.00
3.257.00
3.245.00
3.267.00
3.276.00
3.287.00
3.235.00
3.289.00

3.299.00

V(B)

3.306.00
3.265.00
3.278.00
3.268.00
3.259.00
3.267.00
3.304.00
3.287.00
3.289.00
3.287.00
3.297.00
3.278.00
3.286.00
3.289.00

3.290.00

V(C)

3.267.00
3.283.00
3.265.00
3.284.00
3.264.00
3.275.00
3.274.00
3.268.00
3.253.00
3.257.00
3.285.00
3.301.00
3.257.00
3.290.00

3.287.00

I(A)

126.00
121.00
124.00
119.00
127.00
129.00
125.00
122.00
119.00
126.00
128.00
129.00
123.00
125.00

127.00

I(B)

124.00
128.00
127.00
129.00
127.00
124.00
121.00
128.00
119.00
127.00
126.00
123.00
126.00
128.00

127.00

I(O)

126.00
126.00
125.00
123.00
127.00
125.00
129.00
127.00
128.00
126.00
121.00
123.00
128.00
127.00

126.00

PF(A)

0.78
0.78
0.78
0.78
0.78
0.78
0.78
0.78
0.78
0.78
0.78
0.78
0.78
0.78

0.78

'OFF' Period

Itip (B) Itap (C)

Data collected For
ElectroFlow

PF(B) PF(C) Trep(A)
0.79 0.77 17.00 26.00
0.79 0.78 18.00 24.00
0.79 0.77 21.00 21.00
0.79 0.77 19.00 19.00
0.79 0.78 17.00 17.00
0.79 0.78 18.00 19.00
0.79 0.78 19.00 20.00
0.78 0.77 16.00 21.00
0.79 0.77 18.00 23.00
0.79 0.77 19.00 26.00
0.78 0.77 14.00 21.00
0.79 0.77 21.00 23.00
0.79 0.77 19.00 21.00
0.79 0.77 19.00 25.00
0.79 0.78 23.00 21.00

26.00

21.00

26.00

17.00

18.00

19.00

27.00

22.00

21.00

27.00

23.00

16.00

0.40

18.00

19.00

19
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Performance Evaluation of : 1
ElectroFlow™ Regre SS10n M (0] dEl

The regression model to be used for accurately predicting Demand is as described below:
KWD = p,\P, (1) + B,P, (1) + B3P, (1) + ByPoymeric () + BsPrymoic (1) + PP, (1) +

Where

Papb,c is computed for each phase using V, I, PF for the respective

phase, per Sample data collected of Voltage, Current, and Power Factor -

Pharmonics 1S computed using Vrp , and  Ityp for each phase, per sample data
collected

Ppsymmetrical 18 computed using V, I, PF for each phase, per sample data collected, of
Voltage, Current, Power Factor; respectively-
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PMC5R

Performance Evaluation of : o
Regression Model

ElectroFlow™

Pn is computed using V, In for the three phase imbalance, per sample data collected .

Coefficient B1, B2, B3, B4, B5,P6 and o are estimated by the regression analysis.

Based on the regression analysis performed on the data, the model is as shown below:

B1 0.36
B2 0.55
B3 0.17
Ba 8,098.93
Bs 1258.75
Bs 2 836.62
o 278 278.96
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Performance ' Evaluation of :
ElectroFlow™

Regression Model

The Statistical indices used to evaluate regression models in accordance to the following

Coefficient of Determination R2= (%)o.58
Mean Bias Error, MBE (%) =0.21

e As can be seen, the model is therefore a very close representation of the facility’s real
conditions, and subsequent power quality effects on the load is clearly identified.

e The regression model is then applied based on the data collected for
ElectroFlow™ “ON”, and ElectroFlow™ “OFF” conditions, in order to verify the

exact magnitude of savings.

22
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KWD Graphs Based On Regression
Performance Evaluation of : Model

ElectroFlow™

PMC5R

KWD Graphs Based On Regression Model

KW KW
440
440 = 400
400
360
360 320
320 2380
780 25
240 00
200 0
11%) 0

ElectroFlow "Off"

ElectroFlow "ON" SAMPLES

Average KWD ElectroFlow "ON" :  212.53 KW
Average KWD ElectroFlow "OFF": 235 KW




PMC5R

Performance “Evaluation of :

ElectroFlow™

24

KWH Graphs Based On Regression
Model

KWH
2000

1600

1200

800
400

KWH Graphs Based On Regression Model

ElectroFlow "OFF"

ElectroFlow "ON" SAMPLES

Average KWH ElectroFlow "ON" :  1,768.28 KWH

Average KWH ElectroFlow "OFF":  1,951.87 KWH
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Total Charge Graphs Based On
Performance Evaluation of : RegI'ESSiOIl Model

ElectroFlow™

PMC5R

Total Charge Graphs Based On Regression Model

ElectroFlow "Off"

ElectroFlow "ON" SAMPLES

Average Total Charge ElectroFlow "ON" : $ 66.16
Average Total Charge ElectroFlow "OFF": $ 73,03
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Performance ' Evaluation of :

ElectroFlow™

Power Quality Effects

Power Quality Effects
Befor ElectroFlow After ElectroFlow
P t Phase | Phase Phase Phase |Phase |Phase
arameter A B C A B C
Voltage (v) 3,235.00 | 3,259.00 | 3,253.00 | 3,387.00 | 3,389.00 | 3,388.00
Current (A) 129.00 | 129.00 129.00 100.00 | 100.00 | 100.00
Power Factor | %78 0.78 0.77 0.99 1.00 1.00
Vthd (%) 1.20 1.40 1.30 0.30 0.40 0.20
Ithd (%) 23.00 | 26.00 27.00 1.17 1.75 1.57

26
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pertprinance: Bvalustton.of Resultants Of Regression Analyses

ElectroFlow™

Based on the regression model, it is concluded that:
Demand (KWD) with ElectroFlow™ “OFF” 235 KW

Demand (KWD) with ElectroFlow™ “ON” =  212.53 KW

e Hourly Demand (KWD) Savings =
(Demand (KWD) with ElectroFlow™ “OFF” - Demand (KWD) with ElectroFlow™
“ON") x Adjustment based on Baseline Energy Audit

Adjustment based on Baseline Energy Audit = Demand (KWD) based on Baseline
Energy Audit / Demand (KWD) with ElectroFlow "OFF"

Hourly Demand (KWD) Savings =

(234.6 - 212.53 ) =22.07

e Annual Demand (KWD) Savings = Hourly Demand (KWD) Savings x 12

Annual Demand (KWD) Savings = 22.07 KW x12= 264.84
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Resultants Of Regression Analyses

Performance Evaluation of:
ElectroFlow ™

Based on the regression model it is concluded that:
e Annual Usage (KWH) savings = Hourly Demand (KWD) Savings x Hours of
Operation of Facility per week x 52 weeks

Hours of Operation of Facility per week = 160 hours/week (Based on Baseline

Energy Audit)

Annual Usage (KWH) savings =  22.07 x 160 x52 = 183622.4 Kwh
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Resultants Of The SPA Study

Performance Evaluation of :
ElectroFlow™

Projected Actual
Value % Value %
Annual KWD 226 8.19 265 96
Annual KWD (%) 1089 7.56 1277 8.87
Annual KWH 95730 11.36 183622 21.79
Annual KWH ($) 3921 12.44 7521 23.85
Total ($) 5106 11.12 8798 19.16
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Project Realization Rate

Performance Evaluation of :
ElectroFlow™

Realization Rate (%) = (Verified Savings/Expected Savings) x 100
KWD Savings Realization Rate(%) = 265 / 226 )x 100= 117

KWH Savings Realization Rate(%) = (183622 / 95730 x 100= 192

Total Charge Savings Realization Rate(%) = (8798 / 5106 )x 100= 172.00



