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X = X + V

measured value = estimated value <+ residual error
X = x + e
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Model 1:  yi(t) = 1t + c2sin(t) + c3cos(2t)
Model 2:  ya(1) = d(t +2) + dat* + dat

Model3:  y3(r) = xyf +apsin(f) + x3cos(20) + xge'

© Multivariable Control System Lab,2024.

where “y(t) denotes the estimate of y(t)

A1, 62,83) = (0.9967,0.9556,2.0030)

(
‘ (dy,d>,d3) = (0.6721,—0.1303,0.0210)

Least Square (fl,fg £3,%4) = (0.9958,0.9979,2.0117, -4.232 x 10~ 5}

Ref : Crassidis, John L., and John L. Junkins. Optimal estimation of dynamic systems. Chapman and Hall/CRC, 2004.
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Linear Batch Estimation:

Data {‘:‘1 TI; :'I_r':L -rE:.. " ;_ﬁuh rm}

) i
Mathematical Model y(t) = Exjh"m" m>n
. & - measurement error

i / a compact matrix form

Vi =3(t) = Y xihi(tj) +vj, j=1,2,....m

- V=Hx+v
ﬁjE_ﬁ{”]:zfﬂ'ﬁi[fﬂ, ji=1,2,....m » § — H&
y—=Hx+te

n
yj= ijh;l[.fj)-l-é'j, j=12....m
=1

residual error
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v=Hx+v y=Hx+e
¥ = H%
I r y = i V2 --- ¥ ]T = measured y-values
X=X X2 ) *Tn] — true x-values - m :
) - T :
- 1T e=|e| ey - em] — residual errors
V= (V| Va o V| = measurement errors - r
e . 4T 1 X = [£ £ -+ £,| = estimated x-values
V= |Vi V2 --- V| = estimated y-values -
¥=[¥ % - " — measured v-values - 7
- < h]{f]] h?(fl) hu(fl:]

hi(t2) ha(t2) --- hu(t2)

hhl (fm) h> (rm] hn(fm)d
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an optimum choice for the unknown parameters

Cost function

1
J=—ele
2

1

J=J&)==(§"v-2y"Hx+ " H"H%)
2

necessary condition

Vid

sufficient condition

ViJ =

- a7

A

c?xl

dJ

| 95,

* axax’

© Multivariable Control System Lab,2024.

(H'H)x = H'y

~H'HY-H'y=0 W)

x=(H"H) 'H'y

— HT H must be positive definite

\ is always positive semi-definite

It becomes positive definite when H is of maximum rank (n).
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EVO

Efficiency
Valuation
Organization

NAl PER
(O} F,

IPMVP -

'J_
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Adjusted Baseline Energy

Savings or Avoided Energy

Baseline Energy Consumption or Demand

'« Increased
| Production

Energy
savings

Reporting Period
Measured Energy

ENERGY CONSUMPTION
OR DEMAND

ECM Installation
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Ref : Core Concepts International Performance Measurement and Verification Protocol, EVO

© Multivariable Control System Lab,2024. 9 National Taiwan University of Science and Technology 18



© Multivariable Control System Lab,2024. 9 National Taiwan University of Science and Technology 19



= B B AN

A
—
VARI)N

%

o iR Tk $-1SO 50001

EdnE )

> fE R ELHE
\_ .

Y

s \

fERITE
\ J
[ iR EE J . y N

F Y %_%/&.ﬁ%{iﬁ

\ »,

h 4

M EFAEAZ IR T

© Multivariable Control System Lab,2024.
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7 (Act)
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Measurement and Verification

( Dl:] Ve '
I \ 0
‘ ‘Whole Facﬁ o ' oﬂoﬁoﬂ i
STCSTETTCIETTeSTEY
Retrofit Isolation Whole Facility
Option A: Option B: Option C: Option D:
Key Parameter Measurement All Parameter Measurement Whole Facility Calibrated Simulation
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Option

Option

Option

Option

Interactive
effects
can be

reasonably

estimated
or ignored

Interactive
effects
can be

estimated

IPMVP

- The magnitude of savings is
low
- Based on a combination of
measured and estimated factors
- Measurements are short-term,
periodic, or continuous

- Use short-term, periodic or
continuous measurement of all
parameters needed to calculate

energy use

- Results are typically more
precise using Option B than the

estimations defined for Option A

- Savings are predicted to be
greater than about 10% to 20%
of the overall consumption
- Measured by the utility or
submeter on a monthly basis.

- Whole facility or system analysis procedures to
verify the performance of retrofit projects using
calibrated computer simulation models
- The energy model will be calibrated with past

utility data

© Multivariable Control System Lab,2024.

Retrofit Isolation

Prescriptive

Whole
Building

Performance

Whole Building
Calibrated

ASHRAE Guideline 14

- Measures the energy use and relevant
independent variables of the individual
systems and equipment affected by the
retrofit
- Determine savings of individual ECMs
- Measurement Boundary : Equipment or
systems affected by retrofit

- Most appropriate where the
expected savings are greater
than10% of the measured
Building energy use or demand
or - Data are continuous and

facility complete

- Most appropriate where the
data are not continuous, have

gaps

- Particularly suited to accounting for
multiple energy end uses, especially where
interactions occur between measures
- Consider use if utility data is unavailable or
measurement alone cannot easily determine
savings

Yun Mi Park, Moo
Kyoung Seo, Jin Chul
Park, “Analysis of
Baseline Standard for
Building Energy
Measurement &
Verification”, Korean J.
Air-Cond. Refrig. Eng.
\ol. 33, No. 7, p.313-
319
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What is IPMVP?

“The process of using measurements to reliably determine
actual savings to reliably determine actual savings created
within an individual facility by an energy management
program .’

© Multivariable Control System Lab,2024. @ National Taiwan University of Science and Technology 24
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IPMVP Options

« The "best” option depends on
— Budget
— Metering
— Scope

« Multiple Options may be used within an M&YV Plan, depending
on the considerations above.

© Multivariable Control System Lab,2024. @ National Taiwan University of Science and Technology 25
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IPMVP Option A

"Retrofit Isolation: Key Parameter Measurement.”

— Baseline is an engineering calculation which could involve short-
term metering, continuous metering, or an engineering estimate
— Good for measures with consistent energy consumption (i.e.
lighting, constant speed fans)

© Multivariable Control System Lab,2024. @ National Taiwan University of Science and Technology 26
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IPMVP Option B

"Retrofit Isolation: All Parameter Measurement ”

— Energy use is either measured directly or a calculation which is based on a
measurement

— Good for systems with known performance curves where an isolated
measurement can be used to calibrate energy consumption (i.e. VSDs)

© Multivariable Control System Lab,2024. @ National Taiwan University of Science and Technology 27
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IPMVP Option C

« "Whole Facility”

— Energy use metered at the whole facility level or sub-facility level
— Good for complex EEMs which multiple systems

© Multivariable Control System Lab,2024. @ National Taiwan University of Science and Technology 28
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IPMVP Option D
e “Calibrated Simulation”

— Energy use is simulated with modeling software (such as eQUEST or EnergyPro) and
calibrated using monthly utility bills
— Good for facilities where no baseline data is available (i.e. new construction)

© Multivariable Control System Lab,2024. @ National Taiwan University of Science and Technology 29
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Creating an M&V Plan

» Create a list of building systems and system components with
their energy consumption characteristics (power draw, firing rates,

etc.)

« Determine goals for M&YV (specific ECM isolation = Options A & B,
whole ECM isolation = Options C &D)

« Determine which quantities need to be metered and which can be
estimated (if using Option A or B)

© Multivariable Control System Lab,2024.

Measurement vs.
—— ; 2 Estimation Strategy Adhergnt
Table 2 Situation : to Option
Examncl Operating Power
ple A?
Lichti Hours Draw
ighting =
ECM reduces operating hours i Estinea e
Estimate Measure No
Estimate Measure Yes
ECM reduces power draw T E—— Eelirats No
ECM reduces both power draw and operating hours:
Baseline power uncertain, operating Estimate Measure Yes
hours known Measure Estimate No
Power known but operating hours Measure Estimate Yes
uncertain Estimate Measure No
Power and operating hours poorly Measure Estimate | No - Use
known Estimate Measure Option B

@ National Taiwan University of Science and Technology 30



= HlfgsE B A=

M&YV Plan Contents

« ECM Description, Intent, and Commissioning Procedure
* Select IPMVP Option and Measurement Boundary

- Baseline Conditions: Include energy use and quantify factors which
affect energy use

» |dentify the reporting period

- Identity whether data wil| be normalized ﬁif SO, §avings will be )
normalized savings” , If not savings will be “avoided energy use” )

* Analysis Procedure: define all mathematical models to be used and any
limits to their validity.

© Multivariable Control System Lab,2024. @ National Taiwan University of Science and Technology 31
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M&YV Plan Contents M&V Plan Contents

- Energy Prices: Identify if they will be fixed or variable for reporting
purposes.

- Metering: Identify meter locations and spec’ s, Cx, and calibration
procedures for all non all non-utility meters. Establish upper limit on

acceptable data loss.

- Monitoring Responsibilities: Identify responsible parties for data
recording and reporting.

« Expected Accuracy: Include meter tolerances, and uncertainty
associated with sampling error and any engineering calculations.

© Multivariable Control System Lab,2024. @ National Taiwan University of Science and Technology 32
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M&YV Plan Contents M&YV Plan Contents

- Budget: Include setup cost and on-going reporting costs.
» Report Format: Include a sample report

» Quality Assurance: Specify steps taken towards QA of
savings calculation & reporting

© Multivariable Control System Lab,2024. @ National Taiwan University of Science and Technology 33
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M&YV Reporting

» Must follow procedures identified in the M&YV Plan

e Include:
— Complete data sets (justification for any “corrected” data)
— Description and justification of adjustments
— Any estimated values
— Energy price schedule
— Savings in energy and monetary units

© Multivariable Control System Lab,2024. @ National Taiwan University of Science and Technology 34



