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US Energy Use

"I Computers 1%
B Cooking 5%
B Electronics 5%
B Wash 5%
21% Residential - B Refrigeration 9%
I Cooling 10%
I L ights 12%
I Water Heat 13%
N Heating 32%
LI Other 4%

| I Cooking 2%
SN I Computers 3%

Transggo;tatlon ¥ Refrigeration 4%

0 \ 18% Commercial - W Office Equipment 7% HVAC 40%
[ Ventilation 7%
10 Water Heat 7%
| | Cooling 13%
| | Heating 16%
. ]
I Other 10%




Real World Challenges  BUILDING

] Baseline for Current Operation
W'J.[h.OUt Control, Initial & Continuous
Efficiency Commissioning
Declines Original Design Efficiency (KBTU/SF)

New Baseline

High Performance Operations

\ Behavioral changes, real time pricing, etc.



Facility Data Sources BUTLDING

INTELLIGENCE

System Data
— BAS (HVAC and other system information
— Electrical (PQM, sub-metering, etc.)

Utility data (electric, gas, other)
Weather data (NWS, BAS, other)

Operational data (number of flights,
occupancy, building size. etc.)

Portable data logging
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Data — Knowledge - Action  suftbine

INTELLIGENCE

« Data

— Raw information
— May be real time or historical
— Limited context and processing

 Knowledge
— Required to process data
— Can come from many sources

» Action
— Needed to drive efficiency and performance
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HVAC System Challenges BUTLDING

INTELLIGENCE

Controls problems

Equipment runs much more then needed
Inefficient air and water delivery
Simultaneous heating and cooling
Inefficient heat rejection or introduction



HVAC BUILDING

INTELLIGENCE
GROUP

LLC




GROUP
LLC
TOTAL FLOW
TO SPACE

|

INTELLIGENCE

BUILDING
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Temperature (“F)
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What's Wrong? BUILDING

INTELLIGENCE

AC-1

Concert Hall

CO2 sensor indicates 0 PPM — defective or missing

RA enthalpy is 25.9 BTU/# - OA is 21.56 BTU/# but unit is
not in economizer since it is doing a DB changeover.

Supply and return fans are CV and both running

Current sequence has valves as two position with use of
face and bypass. Recommending new sequence for
improved control and efficiency.

Unit does appear to be scheduled based on trend data.




Data — Knowledge
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Demand (kW)

7-Day Demand Profile
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Tools for Analysis

Walk and look!
Data logging
Plan analysis
Modeling

BUILDING
INTELLIGENCE



Table 1: Average annual energy intensity
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= Actual EUI (kBtu /ft2)
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Average EUI (kBtu/ft2)
o-o L] L] L] L) L] L) L) L] L] L] L)
L R S G I A o
vgﬁ’ & o & 00" R @ K\ V.Q‘ & W W S0

Energy Type Energy Intensity Dli,f?;i:—:tt:e
Actual Benchmark! (%)
Electricity (kWh/square foot/year) 41.17 18.80 119.9%
Total (kBtu/square foot/year) 140.49 87.00 61.5%

Notes:

1) Benchmark energy intensities derived from U.S. EIA CBECS 2003 for office buildings in the same region.
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Data Logging
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Temperature (°F)
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LLC
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====Mixed Temp
Supply Temp

Data Logging
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Meter Analysis
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Meter and Excel
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Getting Owner Buy In BUILDING

INTELLIGENCE

Need to make it simple and believable

Put results in both engineering and
financial terms

Work high level with management

Bring utility incentives, tax credits, grants,
and other financial tools to the table



What Does an HPBT Need
to Know?

« Systems

* Troubleshooting

« Data, Knowledge, Action
 Summarize data

* Build a business case

* Facilitate improvements

| ||

mEm
BUILDING
INTELLIGENCE



Case Study BUTLDING

INTELLIGENCE
GROUP
LLC

* Hospital project
» Constructed in early 1990’s



PHM Overview BUILDING

INTELLIGENCE

High energy usage (gas and electric)
Pneumatic controls are contaminated with oll

Calibration and control issues

Systems are designed to operate as VAV, but
are running as constant volume reheat

All areas are conditioned 24x7 even those that
have scheduled occupancy

Study focused on air handling and chiller plant






Electric Power Usage
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Presbyterian Hospital Matthews
Electrical Energy Consumption
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Natural Gas Usage

Presbyterian Hospital Matthews
Natural Gas Energy Consumption

Benchmark per CBECS 2003, for healthcare
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Total Energy Usage

Presbyterian Hospital Matthews

Total Energy Consumption
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Electrical Load Profile

Demand (kWd)
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Total Supply

Total Return
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PHM AHU 2
132,850 CFM — max
82,040

Total Supply

Total Return

TrTrrrrrrrrrr7r17r17r17r7rrrrrrrr7r7r7r17r17r17r7r7rrrrrr7r17r17r17r17r7r7r7rrrrr1r1r1r1r1rr7rrrrrrrr1r’rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr—

120000

100000

80000

60000

40000

20000

0

103 WV 00:ST:6 OT/LT/S
1A3 NV 00:S¥:8 OT/LT/S
1A3 NV 00:ST:8 OT/LT/S
L1A3 NV 00:S¥:L OT/LT/S
103 WV 00:ST:£ OT/LT/S
103 WV 00:5t:9 0T/LT/S
103 WV 00:ST:9 0T/LT/S
1A3 NV 00:S#:S OT/LT/S
L1A3 NV 00:ST:SOT/LT/S
1A3 NV 00:S¥:¥ OT/LT/S
103 WV 00:ST:¥ 0T/LT/S
103 WV 00:St:€ 0T/LT/S
103 WV 00:ST:€ 0T/LT/S
1A3 NV 00:S¥:Z OT/LT/S
L1A3 NV 00:ST:Z OT/LT/S
1A3 NV 00:S#:T OT/LT/S
103 WV 00:ST:T OT/LT/S
103 WV 00:St:2T OT/LT/S
103 WV 00:ST:ZT OT/LT/S
1a3 INd 00:S7:TT OT/9T/S
1a3 INd 00:ST:TT OT/9T/S
1a3 INd 00:S7:0T 0T/9T/S
103 INd 00:ST:0T 0T/9T/S
103 Nd 00:S¥:6 0T/9T/S
103 Nd 00:ST:6 0T/9T/S
103 Nd 00:S#:8 0T/9T/S
103 INd 00:ST:8 0T/9T/S
103 INd 00:S¥:£ 0T/9T/S
103 INd 00:ST:Z OT/9T/S
103 Nd 00:S#:9 0T/91/S
103 Nd 00:ST:9 0T/91/S
103 Nd 00:S#:S 0T/9T/S
103 INd 00:ST:S OT/9T/S
1Aa3 INd 00:S¥:¥ 0T/9T/S
103 INd 00:ST:¥ OT/9T/S
103 Nd 00:S#:€ 0T/9T/S
103 Nd 00:ST:€ 0T/9T/S
103 Nd 00:S#:Z 0T/91/S
103 INd 00:ST:Z 0T/9T/S
103 INd 00:S#:T OT/9T/S
1Aa3 INd 00:ST:T OT/9T/S
103 INd 00:St:2T 0T/9T/S
103 INd 00:ST:2T 0T/9T/S
103 WV 00:St#:TT 0T/91/S
1A3 NV 00:ST:TT OT/9T/S
1Ad3 NV 00:S#:0T 0T/9T/S
103 NV 00:ST:0T O0T/9T/S
103 WV 00:St:6 0T/9T/S




LI
BUILDING

INTELLIGENCE

PHM AHU 3 (lobby)
20,500 CFM — max

GROUP
LLC

- mMin

6,800 CFM

P -
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Total Return
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PHM AHU 4 (Dietary)
20,000 CFM - max
1,485 CFM
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Total Return
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RcX Study BUILDING
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* Focus on AHU 3 (lobby unit)
— Read all box flows

Re-calibrated box flow
Re-Calibrated pneumatic thermostats

Ran after hours tests to simulate light loads
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AHU 3 After Calibration

GROUP

LLC

Thermostats
calibrated

Loading test
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General Recommendations  sirisine

INTELLIGENCE

* Replace pneumatic controls with DDC
— Contamination and calibration problems

— Can't be optimized (reheat control, static,
temperature)

— Doesn'’t provide feedback to operations
— Use of drives instead of inlet vanes

 Schedule zones or units
» Optimization



Presbyterian Hospital Matthew - AHU-3 Analysis
Energy Saving Measure Comparison Study
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Budget BUT

 Total controls retrofit approximately $1.6
million

« Consider a multi-year approach with a
focus on energy savings for the first year

« |nitial project approximately $590,000 —
net after incentive $490,000
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Daily Consumption (kWh)
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Questions




