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Objective :

To develop and demonstrate a standard methodology enabling 1) a 10x
reduction in the time and labor to perform level | and Il audits and retrofit
analysis; b) consistent and reproducible outputs

Motivation (1/2):

Current State: 3 levels of audits, defined by ASHRAE

I: Energy baseline ll: Detail assessment &
(walkthrough and expert retrofit evaluation

lll: Detailed modeling

' : nd verification
judgment) (expert judgment) 2] el

2-3 weeks 3-4 weeks

-1l lll: Detailed
modeling
and verification

Combined

1-2 days ~1 week

A U.S. DOE Energy Innovation HUB § i )
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Motivation (2/2): A systematic methodology and supporting tools needed
Comparison between 3™ party Audits - Philadelphia Navy Yard Building 101

Subtask 2.2 — Energy Audit and Retrofit Analysis

Retrofit Recommendations

*Plug Load Controls
*Supply Air T Reset
*Insulate Hot Water Tank
*Lighting Controls - Dimmers
*Occupancy Control for

Refrig Vending Machines
*Demand Controlled
Ventilation

* Remove exhaust and
rebalance

* Instantaneous/On-
demand Water Heaters
* Upgrade BMS
* Solar PV

* Replace DX
Cooling

3 different 3 different

companies results Systems °LED Exit signs
*Occupancy
Company Annual Installed Simple Payback sensors
Savings Costs (yrs)
A $52,000 $212,000 6.0 *Exhaust Air Energy Recovery
*Daylight Harvesting
B $19,000 $79,000 4.2 *Outdoor Security Lighting
*Building Pressurization
C $34,000 $104,000 L b
4 A U.S. DOE Energy Innovation HUB Re-energizing buildings for the future.”
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8
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g O_ P;_':“E{::{;:asls ke ‘é_‘“ Not Approved Not Approved
g Owner Approval?
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H“BE&%% Stakeholder Workshop

General Information ASHRAE ...,RMI .
= e e 15-30% of ASHRAE
defined data can be

Building Envelope Data transfer to energy

Lighting System Data mOdeImg tools !

HVAC System Data

Domestic Hot Water

Special Loads

= ASHRAE
mRMI

m eQuest

0% m Energy Plus
m HAP

® Trane Trace 700
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12:21 FM

—_—
Project: test2

Name and Location ELELCELY

A
Window 1 Editing Mechanical Room 1 ‘“""'" ﬁ
Area 6.5 SF|

Window/Wall Ratio .32

Cooling Tower 1

Window Type Doublig
Type Natural Draft >

Glass Type Tinted
Output 2500 >
Fan Control Single Speed »

Fan Power 375 »

No of buildings of th|

—
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User-case 1: Individual Building

Data Gathering Run Process
| H Propose
— : Run tool : solution
— TEET N <f:%‘>
Refine ]
assumptions Refine
=3 solutions
) Baseline Retrofit
Audit walk-through, or e —
Data provided by building owner or EM
a < 1day (w/o SA/UQ)
Input data and output results are specific for each building
Unknown inputs can still be defaulted
A U.S. DOE Energy Innovation HUB 9
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User-case 2: Detailed Portfolio of Buildings

Buildings of the same type in different geographic zones (e.g. hotel or retail chains)
Buildings of different types in the same geographic area (e.g. campus, base)

Data Gathering Run Process Customer Interaction

“““““
;;;;;;;;

“““““
kkkkkkkk

Baselines

“““““
kkkkkkkk

Portfolio view

) X Compi; cluster Retrofit
Create inputs files Assessment
(specific)
. \
Input data and output results are specific for each building
Unknown inputs can still be defaulted
A U.S. DOE Energy Innovation HUB 10
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Process Overview

Baseline Evaluation
Automatic Calibration

Inputs

~ 1 hour*

Subtask 2.2 — Energy Audit and Retrofit Analysis

~1-2 min. (w/o calibration)
~4 hrs (automatic calibration)

/ Simplified inputs \

—

* Building attributes
* HVAC type

* Schedules

* Energy bills

* Location

-

"

Baseline energy
by energy source and

equipment type (kWh/year)

~

Total energy with and without

/

* ‘man-working hour’

™= Simulate
=N [easure

d
d

Equipment type

calibrated inputs

== Electri
== Gas

city

Wred w/o

with
calibration

ECM Evaluation

<2 hrsall ECM
1 min per package

ECMs options

/Energy usage (kWh/year); path

by applying individual ECMs

Savings and payback from
package ECMs

Individual building Building portfolio

/

A U.S. DOE Energy Innovation HUB (g
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Sensitivity analysis &

uncertainty

guantification

hours

-
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\_

Results distribution based

energy level

Rank of most -E
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parameters

uQ/sA

~

on input uncertainty

Energy level
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Differentiators

Simple inputs, can be defaulted if unknown

— Incorporates automatic calibration capability

Considers the physics of each building and its environment,
provides results that are specific to each building

Combines energy audit and retrofit assessment
Economics and environmental analysis integrated
Building portfolio tracking and comparison is enabled
Uncertainty is quantified

ECM dependencies are considered

& Q)

A U.S. DOE Energy Innovation HUB 4,‘)
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1 Sample Test Case - Overview

Building Characteristics

. Office building, built : 1990

. 32,000 ft2 of conditioned space, 1 floor

. Current occupancy: 128 employees plus 10 visitors on average
. Construction type: brick fagcade with strip windows

. Current EUI ~83.7 kBtuft2-yr

HVAC System

. 22 RTU electric heat pumps ranging from 5-10 tons

. All units run on individual thermostats

. No EMS system

. There are 3 server rooms with split system air conditioners for cooling

Lighting

. The interior lighting is mostly T-12 recessed ceiling fixtures with manual
controls

. Assumed light power density: 1.5 W/ft2

Plug-in equipment

. There is assumed to be 1 computer and monitor per employee

. There is assumed to be 2 printers and 1 each photocopier, refrigerator and
vending machine for the 8 office units

. Each office unit has a kitchenette which is supplied with hot water for the sink

by a small electric tank heater that mimics a hot water on

A U.S. DOE Energy Innovation HUB §

demand system
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1 Sample Test Case — Baseline Building

Annual Total Predicted Energy Usage: 740,912 (kWh)
Annual Total Predicted Energy Cost: $63,601

Annual Total Predicted Emissions (CO2ZE): 672 tons

Annual Annual Energy Usage by
Predicted Energy Type

500,000
800,000

700,000

500,000

00,000 O Equip
400,000

300,000 A [Pred]
200,000

100, 000
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1 Sample Test Case — Calibrated Results

DeepRetro

Fru|v|f E|1|I|:I|r|1 seline E'—' alibration separate ECMs 3
[ R T CT— E— —
TRom TR B GBS & AE &+

ECw y

Done

Calibrated Parameter Values

within Acceptable Ranges (red) Effect of Calibration Effect of Calibration
Sorted by Sensitivity of Elec on Predicted Energy Usage on Predicted Energy Usage
o6 =% so%  7s%  100%  1m%  150% by Energy Type (kWh) by End Use Type (kWh)

HVACPTIma ryCookco B 0.4 [117%)
HWVACTe mpCools upp iy 35.43 [127%)
Te mpsetCook P 311 [111%)
TempSeiCook B 0.72 [80%)
People De ms ity 4156 [B5%)]
LoadLPD 14.89 [115%)
Windows HGC 2183 (B5%)

EquipPowe rDe ms ity 17.0 [85%) BL withs ut

CALIE

HVACCe mira IFa nPowe r 14252 [@8%)

[ hartsBLEnerleuiIding Batch BLEnergy 1Building ECMSetResults PEGREsUIts PortfolioCharting PortfolioResults PortfolioData PortfolioFields Por{ [ 4 i
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1 Sample Test Case — Energy Conservation Measures

Cost Category

. [~2yr) payback; minimal
maodification to equipment & envelope.

%5: Moderate: longer (~Syr) payback;
cations to equipment &

555: Major: much longer payback;
nificant modifications to equipment,
systems & envelope.

"
=

olzr Heztin;

nsars I 1.26
lindows IEIH"ah

imizztion

o

Green Roof
Occupancy:

ght-based Dimming . Lotk

.
K

ve Bxternal 5

ir Temperature Reset
Naturzl

Day
ight Ventilztion Precooling | 0.11%

A U.S. DOE Energy Innovation HUB




Energy
Efficient
Buildings

Wb Subtask 2.2 — Energy Audit and Retrofit Analysis

1 Sample Test Case — ECM Packages

% Energy Savings by Full Package & "One-Offs" vs. BL (kWh/kWh)
0% 10% 20% 0% A0 S0 S0

Full package

Il package w/o Daylight-based Dimming

Full package wio Occupancy Sensors
Full pack wifo Added Daylight
Full package w/o Wesatherization
Full package Efficient Equipment
w/o Solar Heating
Full package wjo Upgraded Insulation 21 7o
Full package w/o Upgraded Lighting 17.00%

A U.S. DOE Energy Innovation HUB 9:

Upgraded Lighting
Upgraded Insulation
Solar Heating

Added daylight
Efficient Equipment
Daylight basedimming

Occupancy Sensors

Weatherization




H“BE&?&% Stakeholder Workshop

Buildings

b Subtask 2.2 — Energy Audit and Retrofit Analysis
Focus Group

participants liked:

ePredicted vs. Actual
Credibility eCalibration
e\Weather Data

Reduced eFaster Data collection
Cost eAutomated analysis

eReadily Accessible

Customizable
*Meet specific needs

Re-energizing buildings for the future.”

18 A U.S. DOE Energy Innovation HUB @



H“BE&&:%&, Stakeholder Workshop

Buildings

b Subtask 2.2 — Energy Audit and Retrofit Analysis

J

Operate
Build in flexible data access mechanism

Present Economic Information
clearly & compellingly

Refine / Improve

Include error bars to show level of
confidence in results

U

4

Align inputs with Portfolio Manager & outputs
with EnergyStar Rating

Facility Lifecycle

“ Extend / Expand

Develop a timeline feature to modify the
baseline and predictions as measures are
implemented

A U.S. DOE Energy Innovation HUB @
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