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1.1a FEDS — General Overview

Purpose and Applications

Facility Energy Decision System (FEDS) was
developed for the Department of Energy (DOE) by
the Pacific Northwest National Laboratory

Designed to rapidly determine Energy
Consumption Characteristics and present
suggestions for possible retrofit opportunities

The key attraction of FEDS is its ability to model
individual buildings as well as multiple building
sets which allows for the rapid examination of
multiple structures.
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Presentation Notes
FEDS was designed to have the ability to model multiple with idea of examining multiple building facilities in mind.
The simulation process can be sped up when multiple buildings are grouped together based on similar characteristics traits, modeling these building together as one unit is where simulation time is saved.  This allows for the rapid input of data for a large number buildings on multipule facilities as well as provides information on a



1.1b FEDS — General Overview

Advantages/Disadvantages

e Possess both Minimum and Maximum input
detail levels

— Rapid building simulations based on minimal
building information

e Maximum input level allows for greater
manipulation of the model

e Contains a large database of energy-system
configurations
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Presentation Notes
Rapid  Building Definition simulations based on minimal building information
Utilizes building characteristics such as size, geometry, and fuel types to make assumptions about the various components of the building for example lighting, heating, cooling, and ventilation specifications
Maximum input level allows the user to manually manipulate the values assumed during the minimum detail level
Large Database of information allows FEDS to make assumptions about building system properties and assists in the simulation process
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1.1c FEDS — General Overview

Advantages/Disadvantages

e Definition of Building Parameters
— Building size

— Fuel types and efficiencies of Heating and cooling
systems

— Lighting equipment type and density
— Simple Building Envelop Characteristics: U-Values

— Ventilation Statistics: Fan Pressures, Infiltration
rates, Fan Efficiency Etcetera
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Presentation Notes
Building parameters are broken down to these following manageable categories and for each category only a basic level of information is required.
Percent usage
Fuel Type
Equipent type
Efficiecy
Number of Pieces of Equipment


1.1d FEDS — General Overview

Advantages/Disadvantages

e Whether using the minimum or maximum level of input
detail, the same type of output results are produced
e Energy Consumption Breakdown is limited to Annual Results
e Heating
e Cooling
e Lighting
e Ventilation
e Miscellaneous Equipment

e Service Hot Water
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1.1e FEDS — General Overview

Advantages/Disadvantages

e Building parameter definition is limited
purely to the inputs available

e Testing of retrofit opportunities is
restricted
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Retrofit that are limited include, Daylighting controls, geometric changes – solar walls, various ventilation systems.
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1.2a EnergyPlus — General Overview

Purpose and Applications

e EnergyPlus has been developed for the U.S.
Department of Energy

e EnergyPlus is an energy analysis and thermal
load simulation tool

e |t takes in building information and performs
calculations to determine a buildings heating
and cooling loads, as well as the energy
consumption of all primary and secondary
systems.
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Primary and secondary systems include – Boiler, Chiller, Air handling units, Pumps, Fans, General Lighting, etc.
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1.2b EnergyPlus — General Overview

Advantages/Disadvantages
e The input of data into EnergyPlus is complex

e Details about Geometry, wall construction, windows
positioning, and material properties can significantly
effect the results

e Building envelope must be defined layer by layer

e Geometric Coordinates of building geometry must be
assumed or known

e HVAC system details are also complex but can be
simplified by using COMPACT HVAC description
capabilities

CEDS - McMaster University ln.ll


Presenter
Presentation Notes
Details about Geometry, wall construction, windows positioning, and material properties can significantly effect the results
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1.2c EnergyPlus — General Overview

Advantages/Disadvantages

e The inputs required to successfully run
EnergyPlus include

— Geometric Data

— Envelope material Descriptions
— HVAC System Details

— System Scheduling

— Numerous Others
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Presentation Notes
Geometric Data
	-	Building footprint
	-	Location of and size of windows, doors skylights have to be defined.
	-	assumptions are usually made in place of actual details

Envelope material Properties and Layering Descriptions are requiered
	-	Uvalues are calculated using the layering data
	-	Wall and roof material definitions are complex and involve the specification of numerous parameters
	-	
	-	Windows U-Value are also define in the same way however internal calculation are used to determine U-Value and SHGC 
	-	Unless this detail of the evelope is known assumption again have to be made
HVAC System Details
Can be defined using Compact: HVAC Descriptions
System Efficiencies
Ventilation Rate
System Scheduling
Numerous Others: Occupancy, Lighting/Computer/Equipment Loads, DHW Consumption Environmental Set points.



1.2d EnergyPlus — General Overview

Advantages/Disadvantages
e Alarge variety of output results are available

e Detailed metering reports can break down
energy consumption.

e Comprehensive information on gains and
losses

e Ability to define specific weather
characteristics
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Presentation Notes
Detailed Metering Reports can break down energy consumption.
Lighting Fans Pumps DHW, Heating Cooling, are example of the types of output results available
Sources of Heat Gains and Losses through the various envelop materials and construction parameters are also available

Specific weather characteristic is available fro 55 Canadian cites but only 5 cities for FEDS



2. Case Studies

e To analyze the adequacy of each program for
simulating energy consumption, nine office
buildings with energy consumption data were
identified

e Nine buildings were built between 1931 and
1986 and modeled using FEDS and EnergyPlus

e Buildings represent the construction practices at
the time of construction providing a broad
spectrum of office buildings
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2.1a Available Input data

Each building was defined according to a set
of parameters broken down into the

following Categories:
— Building Envelope

— Distribution Systems
— Electrical Systems
— Natural Gas/Fuel Oil Systems

— Service Hot Water
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General Description
Vintage, Size, Volume
Envelope Description
Distribution Systems		
Electrical Systems
Lighting, Computer and Equipment Loads
Chiller Efficiencies, Fuel type and Capacity
Natural Gas/Fuel Oil Systems
Boiler Efficiencies, Fuel type and Capacity
Service Hot Water



2.1b Available Input data
General Description

Vintage 1931 -1933 1958 1958 -1960
5 + 2 Below ground 4 + 2 Below Ground 12 + 2 Below Ground
Area, Volume 59,185(m?),207,148(m3)  12,184(m?), 42,644(m3) 36,700(m?),128,450(m3)

Envelope

Wall Type Brick on Granite Brick/Granite Paneling  Concrete Block/Granite
U-Value 0.55 0.342 0.61

Roof Type Built-up roofing on Brick/Granite Paneling  Built-up roofing

Concrete slab Concrete slab
U-Value 0.47 0.346 0.55
Window Type Double Glazed Double glazed Double glazed
U-Value 3.2 2.89 3.57
% to Wall 40%* 20 50*

Distribution System Type

Description Combination AHU and  Combination AHU and  Combination AHU and
Pumps Pumps Pumps
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Presentation Notes
- Building have been organized by year of construction

*indicate value was assumed



2.1c Available Input data
 |buiding#s  |ouiding#z | Buiding#s

Electrical Systems

Lighting (W/m?2) 8.0 *** 11.5* 5.0%**

Equipment Loads [lokde 20%* 25%*
(W/m?)

Chiller Type Chilled Water Direct Expansion Chilled Water
Capacity 3830kW 50 Tons 3x1054kW

cop 1.8* 1.8* 1.8*
Secondary Fuel Systems

Boiler Fuel Natural Gas Natural Gas Natural gas
Capacity Total 5690kW 2(150HP) 3x2000kW
Type Hot Water Hot Water Steam
Efficiency 0.65* 66% 0.85

Miscellaneous

m Electricity Natural Gas Electricity

System Schedule Ventilation system on Setback 18 C, Off Eve.  No setback, Off Eve.
constantly and Weekends and Weekends
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Lighting Loads With ***indicated that the W/m2 value was calculated using the information provided regarding number and wattage of fixtures. And used the gross floor area for the division
Assumed Lighting load were as follows
		T12 = 16 w/m’2
		T8 = 11.5 w/m2
	This has resulted in much lower then expected values.
	In general Office lighting loads are between 16 and 10 w/m2



2.1d Available Input data

I T T R T T T
1963 and 1970 1970 1974

m 3and5+1B-G 12 + 1 Below Ground 12 and 3 + 2 B-G

| Area, Volume _

Area, Volume 11760(m?2), 41160(m3) 11,185(m?), 39,148(m3)  24,600(m?), 86,100(m?3)

Wall Type Brick on Concrete Block  Concrete on Concrete Concrete on Concrete
U-Value 0.48 0.278 0.43

Roof Type Built-up roofing Elastomer with granite Built-up roofing
Concrete slab Flagstones Concrete slab
U-Value 0.289 0.356 0.289

Window Double Glazed Double Glazed Double glazed
U-Value 3.44 3.333 2.78
To Wall % 24 and 27 40* 24

Distribution System Type

Description Air handling unit Combination AHU and Combination AHU and
Pumps Pumps
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Presentation Notes
 Lighting Loads we calculated based on total building information. i.e. the total wattage for the lighting load was calculated using the fixture information provided for the whole building the wattage per meter squared was found using the Gross Area of the Facility





2.1e Available Input data
 |suiding#a  |Buidingss |Buildings6

Electrical Systems

Lighting (W/m?2) 16* Q A4 *** 17 5***
Equip. Loads (W/m?2) ok 20%* 55**

Chiller Type Centrifugal Chiller Water Absorption Cooler
Capacity 965kW 284 Tons 2263kW
cop 1.8* 1.8* 1.8*

Secondary Fuel Systems

Boiler Fuel Fuel Qil Natural Gas Natural gas
Capacity 980kW 100BHP 2x2451kW
Type Steam Hot Water Steam
Efficiency 0.60 0.70 0.65

m Electricity Electricity Electricity

System Schedule No setback, Off Eve. No Setback, Off Eve. No setback, Off Eve.
and Weekends and Weekends and Weekends
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Equipment Load were calculated using a trial and error approach.  The value were manipulated to 


2.1f Available Input data

| Building #7 Building #8 Building #9
General Description

1976 1981 1985 - 1986

(I LI [ 12,322(m?), 43,127(m3)  19,510(m?2), 68,285(m3)  3,456(m?), 12,096(m?3)

Wall Type Prefabricated Concrete  Brick on Concrete block Anodized Aluminium
U-Value 0.303 0.303 0.213

Roof Type Membrane, w/asphalt Concrete Flagstoneson  Membrane, w/asphalt
and gravel steel bridging and gravel
U-Value 0.286 0.286 0.284

Window Type Double Glazed Double Glazed Double glazed
U-Value 3.45 1.575 1.57
% to Wall 17.7 37.1 30

Distribution System Type

Description Combination AHU and Combination AHU and Radiant heating System
Pumps Pumps and AHU
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 Lighting Loads we calculated based on total building information. i.e. the total wattage for the lighting load was calculated using the fixture information provided for the whole building the wattage per meter squared was found using the Gross Area of the Facility


For Building #9 we had to buildings. There combined are is shown here since they were model as one structure.
	3,832; 7,928
	13,412; 27,748



2.1g Available Input data
 |euidingt7  [buiding#s  [buiding#s

Electrical Systems

Lighting (W/m2) [BURAES 10.92%** 16.2%%*

Equipment Loads itk 36** 10*
(W/m2)

Chiller Type Chiller Water Centrifugal Direct Expansion
Capacity 4x50Tons 430 Tons 90 Tons
cop 1.8* 1.8* 1.8*

Secondary Fuel Systems

Boiler Fuel Fuel Oil Natural Gas Electricity
Capacity 2x125BHP 53 BHP 246.5 kW

Type Hot Water Hot Water Hot Water
Efficiency 0.65* 0.60* 0.95 *

m Electricity Electricity Electricity

YA TG LTI Ventilation system on No setback, Off Eve. Setback 18 C, Off Eve.
constantly and Weekends and Weekends
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2.2a Modeling Results Using FEDS and EnergyPlus

Building #1

20000000
59,185 m Actual Data © Energy Plus m FEDS

Wall U-Value 055 15000000
(w/m2-C)
Roof U-Value 0.47 10000000
(w/m2-C) '
Window U- 25 5000000
Value (w/m2-C) ' -
Lighting Load 8.0 0

Electricity Natural Gas

. EnergyPlus | FEDS
Chiller COP 1.8 —
Boiler Efficiency [NVKES W 3.2% 61.0%
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Equipment Load 40




2.2b Modeling Results Using FEDS and EnergyPlus

Building #2

2500000
12,134 m Actual Data = EnergyPlus m FEDS
_ 2000000 -
Wall U-Value 0.342
(w/m2-C)
1500000 -
Roof U-Value
0.346
(w/m2-C) 1000000 -
Window U- 7.89 500000 -
Value (w/m2-C)
Lighting Load 9.0 o

Electricity Natural Gas

Equipment Load 20

Chiller COP 1.8 =
e 0%
Boiler Efficiency [NV m -10.3% 11.8%
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2.2c Modeling Results Using FEDS and EnergyPlus

Building #3

6000000
m 36,700 B Actual Data Energy Plus m FEDS

5000000
Wall U-Value 0.61
(w/m2-C) ' 4000000

Roof U-Value 3000000

(w/m2-C) 0.55
2000000

Window U- -
Value (w/m2-C) ' 1000000

Lighting Load 5.0 0

. Electricity Natural Gas
Equipment Load 25
. EnergyPlus | ___FEDS ___
Chiller COP 1.8 —
0.3% 27.3%
Boiler Efficiency [IEE W _5.29% _45.6%
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2.2d Modeling Results Using FEDS and EnergyPlus

Building #4

2500000
11,760 M Actual Data Energy Plus ® FEDS

2000000

Wall U-Value 0.48
(w/m2-C) ' 1500000

Roof U-Value

1000000
(w/m2-C) 0.289

Window U- 5 89 >00000
Value (w/m2-C) '

0
Lighting Load 3.44

Electricity Natural Gas

Equipment Load 10

EnergyPlus | FEDS
Chiller COP 1.8 9% 5o
Boiler Efficiency VAV W -15% _49Y%,
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2.2e Modeling Results Using FEDS and EnergyPlus

Building #5

2000000
11,185 m Actual Data Energy Plus m® FEDS

Wall U-Value

1500000
(w/m2-C) 0.278
Roof U-Value 1000000 —
(w/m2-C) 0.356
Window U- 5 500000
Value (w/m2-C) '
Lighting Load 8.44 0

Electricity Natural Gas

. EnergyPlus | FEDS
Chiller COP 1.8 —

o 17.1%
Boiler Efficiency [ON/Y) m -10.0% -10.9%

Equipment Load 20
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2.2f Modeling Results Using FEDS and EnergyPlus

Building #6

54 600 8000000  mActualData = EnergyPlus WFEDS
! 7000000
Wall U-Value 6000000
(w/m2-0) 0.43
5000000
_ 4000000
Roof U-Value 0.289
(w/m2-C) 3000000
Window U- 5 78 2000000 e
Value (w/m2-C) ' 1000000 .
0
Lighting Load 17.5

Electricity Natural Gas

EnergyPlus | FEDS |
Chiller COP 1.8 59 _46%
Boiler Efficiency 0.65 W -14% 79%
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2.2g Modeling Results Using FEDS and EnergyPlus

Building #7

12,322 3500000 B Actual Data Energy Plus m FEDS
Wall U-Value 3000000~ pun
0.303
(w/m2-C) 2500000 |
Roof U-Value
2000000 -
(w/m2-C) 0.286
1500000 -
Window U-Value 3.45 1000000
(w/m2-C)
500000 -
Lighting Load 16.4 0
Equipment Load 20 Electricity Fuel Qil

Electricity 9.04% -51.7%
Boiler Efficiency  [ENOX-CMMMM  Natural Gas  [EEBY.CY 21.8%
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2.2h Modeling Results Using FEDS and EnergyPlus

Building #8
5000000
m 19,510 M Actual Data

Wall U-Value 4000000 Energy Plus
(w/m2-C) Btk = FEDS
3000000
Roof U-Value
0.286
(w/m2-C) 2000000

Window U-

1000000
Value (w/m2-C) 1.575

: - l =
Lighting Load 10.92

Electricity Natural Gas
Equipment Load 36
. EnergyPlus | FEDS
Chiller COP 1.8

| 53 ey
Boiler Efficiency [OKY) m 0.0% 73.7%
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2.2i Modeling Results Using FEDS and EnergyPlus

Building #9

1000000
3,456 m Actual Data Energy Plus m FEDS
- 800000
Wall U-Value 0.213
(w/m2-C)
600000 —
Roof U-Value
0.284
(w/m2-C) 400000 I
Window U- 157 200000 -
Value (w/m2-C)
O |

Lighting Load 16.2

; Electricity
Equipment Load 10

Boiler Efficiency [ENEE] 7% -13%
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3a Comparison of Results

FEDS and Energy Plus
e used the same input data

e produced significantly different results

Possible reasons for discrepancies are
explored
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3b Comparison of Results

EnergyPlus results yielded more
representative annual consumption data

— Considers all aspects of building operation

— High level of manipulation of building
component variables

— Models consumption based on user defined
weather data
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Presentation Notes
Considers all Aspect of Building Operation
Pumps, Fans, Chiller, Boiler etc.
Manipulation of building component variables
Computer and equipment Loads
Chiller COP
Boiler Efficiency
Infiltration Rates



3¢ Comparison of Results

FEDS consistently yielded lower consumption
values

— FEDS does not take into consideration all
aspect of building operation.

— Only certain building systems are modeled

— Total building energy consumption is not
calculated

— Exact weather files are unavailable
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Lower consumption value were noticed for all but one buildings.
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4a Conclusions

EnergyPlus
— High level of manipulation

— Can model a vast majority of building system
configurations

— Advanced scheduling capabilities
— Able to define weather data
— Flexible output of total energy consumption

— Not easy to use
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Presentation Notes
High Level of Manipulation
Can model a vast majority of building system configurations
Advanced Scheduling Capabilities
Able to Define Weather Files
Output Total Energy Consumption
Various Output Frequencies
Highly Specific



4b Conclusions

FEDS

— Lacks some output details

— Rapid definition of buildings

— Consumption values are lower then expected
— Limited weather data for Canada

— Easy to use
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