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INTRODUCTION it

A Approximately 1% 14% of the total energy
consumption and GHG emissions in Canada I
a results of the commercial sector

A Reducing the energy consumption in this
sector will significantly aid in reducing the
overall energy consumption and GHG
production of the country



INTRODUCTION it

A A systematic approach for assessing the
effectiveness of energy conservation
measures Is needed

A The model must simplify the problem and be
able to perform several tasks, including:

I Estimate the changes in consumption due to ECM
application

I Establish the effectiveness of various ECMs

I Use a cost analysis to determine the net present
value of applying ECMs



ARCHETYPES W

A Archetype grouping simplifies large building
portfolios
I Age
I Size
I Envelope performance
I Heating/Cooling system type
I Location
I Etc.

A Consumption and ECM response is likely similar
for buildings of the same archetype



VARIATIONSN BUILDINGS e

A The variations in office buildings need to be
captured

A Multiple sizes, occupancies, geometries,
Internal loads etc. effect energy consumption

A Using fractional factorial analysis, several
variables were studied

A The variables were modelled to capture both
linear and noAinear interactions



VARIATIONSN BUILDINGS

D Office_OpenOff

Constants
A Zone distribution
A Heating set point
A Cooling set point
AFresh air per person(
A Lighting levels
A System fan efficiency
A Heating off coil air temperature
A Cooling off coil air temperature
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VARIATIONSN BUILDINGS e

Linear Variables ’
A Setback temperature
A Schedule
A Daylighting
A Economizer
A Heat recovery
A Heating efficiency
A Cooling COP o e
A Reheating InternaIGainsl(rW/mz)
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VARIATIONSN BUILDINGS e

Non-Linear Variables
A Area/floor
A Number of storeys
A Occupancy
A VAV systems
A Lighting loads
A Equipment loads
A Infiltration rate
A Window to wall ratio
A Fan pressure rise
A Basements
A Building envelope
A Orientation
A Aspect ratio
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ENERGYSIMULATION i

A EnergyPlus

A Developed for the U.S. Department of Energy

A An energy analysis and thermal load simulation tool

A Detailed metering reports can break down energy
consumption.

A Ability to define specific weather characteristics

A The input of data into EnergyPlus is text based

A Building envelope can be defined layer by layer

A HVAC system details complex but can be simplified by
using basic HVAC descriptions



ENERGYSIMULATION i

A Simulations
A Variable combinations were modelled within

EnergyPlus
A Multiple climate zones within Canada were studied
A 10 Cities
Edmonton . Halifax
lgaluit . Vancouver
Ottawa . Winnipeg
Quebec City . Toronto

Windsor . Montréal



REGRESSION s

A Regression equations can be used to make
estimations of energy consumption

A Energy Simulation results were analyzed
using multiple linear regression

A Equations have been developed to predict
energy consumption



REGRESSION nvesly g

A Energy consumption is broken down into the
following end uses

Lighting

Electricity

| Equipment |

Consumption PUmps

Fans

Boiler . DHW

Chiller
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REGRESSION s

A The equations take the form of a linear
combination of one or more factors

A Includes both the individual variables as well
as the combinations of variables

Example:

y = B+ B*X,+ B, + BF (X *X,) + R*X g7



REGRESSION s

A The lighting, equipment and DHW equations
consist of the load within the building, the
operating hours/day/week and the total area.

Light. Eq.= Total Area * Lighting Load * Day/Week * Hours/Day
Equip. Eg.= Total Area * Equipment Load * Day/Week * Hrs/Day
DHW Eqg.=Total Occupancy * Day/Week * Hrs/Day



REGRESSION s

A The fan consumption equation is a
combination of VAV Ratio, the Maximum Fan
flow rate and the Pressure Rise

A The Pump, Chiller and Boiler consumption
were more complex combinations of all
variables modelled
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OPTIMIZATION i

A The first step in the optimization strategy is
determining the relationship between each
variable and its effect on energy consumption

A Each energy equation takes on its own unique
form

Example:

y = B+ B*X,+ B, + BF (X *X,) + R*Xe?



OPTIMIZATION it

A Partial differentiation w.r.t. each variable
exposes critical values when equated to zero:

N 9% A0
A Second order differentiation exposes the
presence of a minimum or maximum value:

RET IR A
A For each of the regression equations it

becomes possible to determine the effect of
each variable on energy consumption



OPTIMIZATION i

A By analyzing how each of the variables influence
consumption it is possible to determine if a minimum
value exists

A Since cost is a factor in the optimization, the cost of
changing each variable to a value associated with the
minimization of consumption IS necessary

A The objective function of the optimization then
becomes:

Minimize{ Costa,)



EXAMPLE

)

A In order to predict the energy consumption of a
building the following variables values must first be

collected

# Storeys

Areal/floor (n®)

# Basements

Setback

Setback during summer (C)
Cooling mo./Year (6/12)
Occupancy schedule
Occupancy day/week
Lighting load (W/m)
Equipmentload (W/r9

Occupancy den. (Per/f
Daylighting RET?
Economizer

VAV ratio

Fan pressure rise (pa)
Reheat system?

Min fan flow rate (r&/s)
Maxfanflow rate (n#/s)
Fresh air/person (I/s)
Boiler capacity

Chiller capacity

Heat recovery efficiency
Infiltration (ACH)

Roof uvalue

Wall uvalue

Window uvalue

Window to wall ratio
Cold water flow rate (1#s)
Hot water flow rate (r¥/s)
Aspectratio



EXAMPLE i

A Three case study buildings will be used to
present an example of the application of the
regression equations

A The variables for each of these building were
determined first

A The regression equations were used to predic
energy consumption

A Adjustments to variable values demonstrate
the effects of retrofit application
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EXAMPLE moneruns

A Building#1 A Building#2 A Building #3
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EXAMPLE i

Building #1  Building #2  Building #3

# Storeys 4 11 7
Area/Floor (m2) 2000 2600 1300
# Basements 2 2 2
Setback Yes No No
Setback Temp During Summer (C) 21 21 21
Cooling Months in the Year (6/12 hr) 6 6 6
Occupancy Schedule (10/18 hr) 10 18 10
Occupancy(Days/Week) 5 5 5
Lighting Load (W/rd) 9 5 8
Equipment Load (W/%) 50 16 20
Occupancy DensityPerson/m) 0.03 0.02 0.04
Daylighting RET? No No No
Economizer No No No
VAV Ratio 1 1 1
Fan Pressure Rise (Pa) 100 100 800
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EXAMPLE

e

Building #1 Building #2 Building #3

Reheat System? Yes Yes Yes
Minimum Fan Flow Rate (m3/s) 7.9 10.2 6.2
Maximum Fan Flow Rate (m3/s) 50.1 144.2 80.4
FreshAir per Person (I/s) 12 12 12
BoilerCapacity (W) 1200000 6000000 1030000
ChillerCapacity (W) 1300000 3200000 960000
Heat Recovery Yes Yes No
Infiltration Rate (ACH) 0.8 0.5 0.5
Roof UValue 0.36 0.56 0.41
Wall UValue 0.34 0.67 0.48
Window UValue 3.47 3.20 3.20
Window Percentage 0.2 0.5 0.24
Hot water flow rate (m3/s) 0.06 0.1 0.06
Cold water flow rate (m3/s) 0.09 0.25 0.09




EXAMPLE i

Estimating Energy Consumption

A The following energy retrofits (if applicable) will
be applied to each of the case study buildings,
individually and in combination, to demonstrate
the usability of the regression eguations

A Lightingupgrade T12 to T8 Lamps
A Daylighting Retrofit

A Wall UValue Upgrade

A Heat Recovery System



UM_cMz%ster
niversity S=x
E)(AMPLE ENGINEERING %%g

Regression Results and Database ® Annual Electricity -
Actual
D z Annual Electricity -
é Regression
= o B Annual Natural Gas -
= Actual
< 4
= Annual Natural Gas -
- Regression
5 3
o
S
-]
c 2
O
| L
0
Building #1 Building #2 Building #3

October 22, 2009 Optimizing ECMs for office buildings portfolio 28



McMaster
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Building #1 M Base
M Lighting Load (9 to 7.25)

M Day Lighting
M Lighting Load (9 to 7.25) + Daylighting

n 2.5 m Wall U - Value (0.344 to 0.206)
_5 m Wall U - Value (0.344 to 0.206) + Lighting Load (9 to 7.25)
g 5 m Wall U - Value (0.344 to 0.206) + Lighting Load (9 to 7.25) + Daylighting
=
=
-
— 15
c
e,
a
E 1
-
o
O

0.5

0

Electricity Boiler
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EXAMPLE ENGINEERIN(}’

Building #2 M Base

B Daylighting

u Wall U-Value (0.666 to 0.29)

B Wall U-Value (0.666 to 0.29) + Daylighting

Consumption (kWh) Millions

Electricity Boiler
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Building #3  ®Base
M Lighting Load (17 to 13.75)

M Daylighting

M Heat Recovery

m Wall U-Value (0.476 to 0.248)

M Lighting Load (17 to 13.75) + Daylighting

W Lighting Load (17 to 13.75) + Wall U-Value (0.476 to 0.248) + Heat Recovery

Consumption (kWh) Millions

Electricity Boiler
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EXAMPLE i

A By differentiating the equations, the variables
can then be ranked by order of effect

A Using Building #3 as an example:
A Ordered variable influence:

Heat Recovery > Daylighting >Wall U > Lighting Load

A Additionally, the effects of remaining unchanged
variables can also be assessed and ranked so
possible ECM considerations can be made
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EXAMPLE
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EXAMPLE it

A Upon determining the rate of change in
consumption, the optimization of retrofit
Implementation is dependant on cost.

A Costs of ECM application must include
I Labour and Installation

I Materials and Equipment

I Cost of borrowing

I Loss of production

|

|

nflation and Interest rates
" Fuel and energy escalation rates




CONCLUSIONS e

A A mathematical model can be developed to
determine the energy consumption of an office
building using simplified input data

A This model allows for estimations of initial and post
retrofit consumption to be made

A The parameters that most influence energy
consumption can studied to aid in optimization

A Methodology was developed to quickly assess a
portfolio of buildings and determine the cost
effective ECM given a limited budget.
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