2016
Energy Management & Utility
Usage Report

DEPARTMENT OF COUNTY
FACILITIES
Mission Statement
The Hamilton County Facility Department is committed to
providing
strategies,
equipment,
guidelines
and
methodologies to achieve tenant comfort in all buildings
managed by the Facility Department while aggressively
minimizing taxpayer costs and benchmarking the energy
efficiency of the facilities managed in the process.

Director County Facilities
Ralph W. Linne, MBA, CPM, BOC
Assistant Director – Facilities
Anthony K. Matre, BOC
Energy Consultant
Terry Cannon, P.E., LEED-AP, CEM
ThermalTech Engineering

HAMILTON COUNTY OHIO

Table of Contents
Executive Summary........................................................................................................................... 1
2017 Energy Outlook ......................................................................................................................... 3
Vision Statement And Objectives ..................................................................................................... 5
Performance Contracting .................................................................................................................. 7
Energy Benchmarking and Usage .................................................................................................... 9
Energy Star Certifications ................................................................................................................. 9
Greenhouse Gas Emissions and Energy Use Index Results........................................................... 10
Energy Conservation Master Plan Results...................................................................................... 10
Deregulated Electricity Commodity Purchasing ........................................................................... 18
Hamilton County Natural Gas Broker Agreement ......................................................................... 19
Courthouse IT (Interruptible Tariff) Savings .................................................................................. 20
Building Utility Tracking Graphics ................................................................................................. 21
230 East 9th (William Howard Taft Law Center) ............................................................................. 23
250 William Howard Taft (Environmental Services) ........................................................................ 27
800 Broadway Building ................................................................................................................... 31
County Administration Building ....................................................................................................... 35
Alms & Doepke (Jobs & Family Services) ....................................................................................... 39
Hamilton County Courthouse .......................................................................................................... 43
Hamilton County Justice Center ..................................................................................................... 47
Youth Detention Center (2020 Auburn) ........................................................................................... 51
Appendix A - Glossary of Terms .................................................................................................... 55
Appendix B - Accomplishments ..................................................................................................... 59
Appendix C - History ....................................................................................................................... 65
Energy Conservation Master Plan (ECM) ....................................................................................... 65
Performance Contract..................................................................................................................... 65
Cinergy Resources ......................................................................................................................... 65
CCAOSC Service Corporation Natural Gas Programs .................................................................... 65
Procurement of Electricity from the Deregulated Market ................................................................. 66
Energy Manager ............................................................................................................................. 66
List Energy Related Awards............................................................................................................ 66
Appendix D - Conversions & Methodologies................................................................................. 69

This page intentionally blank

Executive Summary
Calendar Year 2016 was a year with mixed results with some sites using more energy in one area but
less in another, overall however it was another successful year for the Hamilton County Facility
Department in regards to managing the electrical, natural gas and water/sewer cost and usage in the
3.2 million square feet of managed space. We continued the energy efficient use of the buildings that
the county has become accustomed too along with the best allocation of taxpayer dollars.
 In 2016 the cost savings from our three rate based ECM's totaled $242,607. The breakdown
is as noted below:
 A savings of $208,885 by bidding out our Electric Power when compared to Duke
Energy Rates. Since awarding our first contract in 2010 we have accumulated a total
savings of $2,865,755.
 A savings of $15,872 by being in the CCAOSC Natural Gas Program. This low dollar
amount is a result of the lowest natural gas usage in the last sixteen years. Since
2001 we have accumulated a total savings of $961,563.
 A savings of $17,850 by being in the Duke Energy Interruptible Tariff Program. This
was the best amount in the last four years. Since 2004 we have accumulated a total
savings of $709,446.
 There was a continued decreased in Energy Usage in 2016 as the full impact of the
completion of the Performance Contracts has come into play, as noted below:





Natural Gas usage decreased 65,000 CCF in 2016 from 2015 which is a new 16
year low.



Water usage decreased 3,470 kgal in 2016 from 2015 which is a new 9 year low
(water has only been tracked for 9 years).

In 2016, we continued to be successful in our benchmarking efforts on a national scale. 800
Broadway, 230 East Ninth Street, 250 William Howard Taft, A&D Building, County
Administration Building, and County Courthouse received the US EPA Energy Star Awards.
This was our best year since we started benchmarking to this standard. These buildings are in
the top 25% of the most efficiency operated buildings in the United States.

 Facilities finalized implementation of the energy module within Archibus which allows for
detailed tracking of energy usage on a monthly basis by building. This upgraded tracking
allows the Facility Department to verify projected savings are being met, find and rectify billing
errors more quickly, reduce estimated bills and late charges, and pinpoint meter and meter
reading errors within 30 days of occurrence. Facilities Department received the Energy
"Efficiency Award from Archibus for this implementation of this module in 2016 at their
annual conference.
 The Building Operating Management editorial team selected the Department of County Facilities as
one of five Facilities In-House Departments to receive FMXcellence Award at the 2016 National
Facilities Management & Technology Conference. This was for the process that the Department
used to administered the $20 million Performance Contract with Ameresco.

 Ralph Linne, Facilities Director, will continue in 2017 as a member of the CCAOSC Energy
Executive Committee for the purchase of both natural gas and electric power for over 50
counties. Hamilton County has a contract with the CCAOSC thru 2019 for natural gas as part
of our deregulated market strategy.
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2017 Energy Outlook
SUMMARY - The County faces many energy challenges at the present time even with the Facilities
Department proactively pursuing deregulation, lower utility tariffs, enhanced building schedules, night
setback, equipment replacements, low flush water fixtures, and low wattage lighting replacements.
Our forward looking energy policy includes continuing on deregulated electricity and natural gas
purchasing, training of building managers and staff, and utilizing Archibus and the engineering partner
to find and implement additional energy savings projects and strategies in other not to increase
energy usage in future years.
There are several main factors shaping Ohio's Energy Outlook. Based on research, seminars and
learnings from the 2017 Ohio Energy Conference the following key market influences should be
watched:
 The current Provision of Electricity contract (2016-2018) should provide some price
stability for electric commodity for the Facility managed buildings for the next two
years (Stadia and Parking, DDS and Engineers Garages also participated in the ITB
process).
 The current CCAOSC Natural Gas broker agreement should provide price stability
for natural gas commodity for the Facility Department manages buildings thru 2019.
 New EPA regulations are set to "retire" up to 30% of Ohio's coal burning electricity
plants in the next 5 to 10 years. The consensus from the Ohio Energy Conference is
that this will drive up electrical generation prices and decrease reliability in the
Midwest region.
 A new Duke Rate case being presented to PUCO stands to increase the T&D side of
the electric cost by 4% starting in June 2018 if it is approved; this will required
additional funding in the 2018 budget estimated at $35,000.
 PJM, the RTO for electric energy in this region, received approval from FERC to
pass through a capacity charge on all customers that will result in additional tariffs on
the Deregulated electricity purchased by Facilities. This will result in an additional
electric cost for Facilities of $113,717 in 2017.
Commodity and Transportation & Delivery Cost prices continue to fluctuate.
Electricity - Electrical Deregulation has decoupled electric bills into two main components.
Commodity (the actual energy) and Transportation & Deliver (the cost to transport the energy).
The Commodity is currently being publicly bid out through an ITB process to reduce cost in a
three year contract; however the T&D portion is regulated and cannot be bid out. We have
little control over the T&D portion of the bill but we see that T&D leveled off in 2016.
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Natural Gas - This is also a deregulated market similar to electric. The natural gas commodity
had been on the increase in 2013 and 2014 but in 2015 and 2016 the commodity and T&D
total costs were reduced. 2016 shows a significant reduction in energy usage and that
coupled with a commodity unit cost reduction outpaced the T&D upcharges again.
Regardless, this commodity unit cost further highlights the importance of reducing gas usage.
The T&D unit cost has slightly increased every year over the past seven years. As of now,
because the commodity unit cost has a greater influence on the total cost, this rising T&D unit
cost does not tremendously affect the overall cost. However, if this trend continues it will
significantly reduce the annual savings.

Water and Sewer - Since 2013, the Water and Sewer costs have increased despite water
reductions each year. The cost between 2011 and 2016 are basically the same even though
water use was reduced by 25,000 CCF. The associated base cost of these utilities is on the
rise and already the usage savings is nearly being outpaced by unit cost escalations. The
total cost of water and sewer will require additional funds to be included in the 2018 budget
even at the reduced usages and as the Consent Decree continues to be implemented, which
is about 70% of the cost, we expect water and sewer cost to continue to outpace savings.
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Vision Statement And Objectives
The Hamilton County Facility Department envisions a continued aggressive energy savings plan by
utilizing the following strategies:
 Continue the energy management consulting services which consists of the following:


Monthly review of electric, gas and water usage



Conducting an annual review of electrical pulse meter data for large accounts



Entering and monitoring each building's energy usage and cost through the Archibus
energy usage tracking software and Energy Star Portfolio



Document and submit data to US EPA to receive Energy Star Awards.


All major buildings under Facility control will continue to be entered into the EPA
Energy Star program. As buildings reach the 75% passing criteria they will be
submitted for the award. We plan on submitting the County Courthouse for the first
time in 2017; this will complete all of the buildings that we can submit for the award.

 Pursue shared services in the area of procurement of energy


Continue to bid out electric power commodity every three years under a fixed rate "all-in"
pricing bid.




The County is committed to Dynegy Energy Services for its deregulated electricity
commodity through 12/31/2018. We will be contacting the County Commissioner's
Association of Ohio Service Corp. (CCAOSC) about the possibility of joining this
program for future procurement of electric power. A presentation is planned for mid2017 to the BOCC concerning this approach.

Purchase deregulated natural gas through a block managed by an outside firm through the
CCAOSC.


The County has renewed its commitment to the CCAOSC Natural Gas Program with
extending the agreement thru 2019. A new agreement to continue in this program will
be presented to the BOCC in 2017 for their approval.



Director of County Facilities will continue to be a member of the CCAOSC Executive
Committee and will be directly involved in approval of the purchase of both natural gas
and electric power for over 55 counties.

 Performance Contracting with Ameresco, Inc has been completed. M&V verification has
begun and will be monitored quarterly for the first two years and then annually for the next 10
years.
 Eliminate inefficient use of energy systems wherever possible by:


Purchasing efficient major mechanical equipment (boilers, chillers, cooling towers) per
County Life Cycle Cost Analysis Resolution.



Use the Duke Energy Smart $aver energy efficiency program wherever possible.



Fully integrate and finalize the Energy Management Module inside the Archibus
framework. This scope shall include;


Providing County Administration and Budget Departments with data showing the
results of the Performance Contracting Initiative.



Monthly reports on targets, goals and usage once the final targets and baselines are
established.
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Projecting increases in cost and usage due to rate changes in the commodity and
transportation and delivery cost as rate structures change.



Monitoring of electric, water and natural gas bills via the online bill entry module inside
Archibus. Find and correct improper billing immediately (estimated bills, incorrect
bills, missing bills).

Continue to involve building managers in tracking and saving energy usage in County
owned buildings to ensure that the required reduction in usage per the agreement with
Ameresco occurs thru 2027.


Continuous monitoring of electric, gas and water usages on major equipment to
ensure systems are running efficiently and as designed.



Pursing energy efficient building operation, including scheduling night and weekend
setback in all buildings where tenants are not using the spaces, practicing demand
curtailing, turning off non-essential equipment when not in use, setting outdoor air
dampers to minimum positions, and reducing lighting and other electrical loads as
agreed in the IGA with Ameresco.

Secure a full-time Energy Manager position to manage energy usage/contracts and
provide energy saving education to County employees at the workplace and home.

 Stay on the leading edge of energy saving techniques and implementable solutions for public
governments


Director, key staff and building managers continue to maintain their Building Operations
Certifications



Attending annual energy conferences and energy saving workshops. Including the Annual
Ohio Energy Conference in Columbus, OH as a means of improving our energy savings
strategies, understandings and techniques are in effect.



Look into the certification of additional County buildings to the USGBC LEED-EB:O&M
Silver Level standard where applicable per County Policy Directive.



Train and certify new building managers through the Midwest Energy Efficiency Alliance
Building Operator Certification (BOC) program.



Ensure that the new Crime Lab is design to the most effective energy usage standards.

 For 800 Broadway to continue to be LEED Certified for Existing Buildings: Operations and
Maintenance (LEED-EB:O+M), we will need to resubmit the required data and information to
meet the requirements in early 2018.
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Performance Contracting
Performance Contracting work has been completed for all three Phases with Measurement and
Verification reporting beginning in 2016. Below are some of the results from the various ECM's and
Cost Savings Measures that were implemented during the Performance Contracting Work.
Phase 1 - Energy Savings
Electricity: 4,279,181 kWh
Natural Gas: 23,494 Therms
Water/sewer: 6,370,000 gallons

please find Phase 1A and Phase 2 on the following page
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Phase 1A - Energy Savings
Electricity: 5,212,058 kWh
Natural Gas: 383,949 Therms
Water/sewer: 12,738,000 gallons

Phase 2 - Energy Savings
Electricity: 1,393,908 kWh
Natural Gas: 17,675 Therms
Water/sewer: 1,839,000 gallons
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Energy Benchmarking and Usage
Energy Star Certifications
All major buildings were submitted to the Energy Star Portfolio which included the updating of all
electric, natural gas and water bills, verifying square footage use, people counts and computer counts.
The 230 East Ninth, 250 William Howard Taft, 800 Broadway Building, Alms & Doepke, County
Administration Building and Courthouse all reached the minimum score of 75 or better to qualify in
2016 setting a new high of six buildings earning the award. At this time these are the only buildings
which can qualify for this award. We are tracking the scores for our eight major building below:

Buildings
Jobs & Family (A&D)
230 East Ninth
250 William Howard Taft
800 Broadway
Administration
Courthouse (2)
Justice Center
Youth Detention (2020)

2012

2013

57
71
67
88
97
48
85
79

67
87
54
86
74
46
90
74

2014
80
84
77
87
79
50
94
76

2015
91
88
80
85
86
66
88
79

2016
91
91
80
89
83
82
61
78

Notes (1)
2015 & 2016
2013 thru 2016
2014 thru 2016
2009 thru 2016
2011 & 2012; 2014 thru 2016
2016
Jails cannot qualify for award
Jails cannot qualify for award

(1) All ratings in BOLD are above the 75 rating required to certify for the Energy Star Award.
(2) The Courthouse currently provides all the steam for the Justice thus giving the Justice Center an artificially high score

and the Courthouse an artificially low score. Negotiations are currently underway with the EPA to build a district steam
plant to better represent the operations of these two buildings.
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Greenhouse Gas Emissions and Energy Use Index Results
Energy Star tracks the Greenhouse Gas Emissions and
Energy Use index charts automatically. The following charts
indicate decreasing trends in both charts as desired with the
GHG reductions showing marked improvement.

Energy Conservation Master Plan Results
The Energy Conservation Master Plan (ECM) was
implemented in conjunction with ThermalTech Engineering in
1998, updated in 2002 through the Rebuild America Grant, and
continued with Ameresco Performance Contracting with
Ameresco in 2012. The total worth of this program to date is
over $15 million dollars in savings. These savings are a
compilation of utility savings, avoided cost, rebates, refunds,
grants and bill reconciliations; whereas the direct savings
portion $4,976,973. This corresponds to an average annual
savings to the taxpayer of $513,960.
In 2010 the process of selecting a qualified Energy Services
Company was undertaken to provide Performance Contracting
for County Facilities with the County successfully contracting
with Ameresco, Inc to perform these duties. These savings are
being used to pay directly for the bonds used to finance the
following projects:
Phase 1 - in September 2011, Ameresco delivered an
Investment Grade Audit (IGA) which included ECM's for the
County Administration Building, 230 East 9th Street, and Alms
& Doepke. Projects were implemented in 2012-2014 and complete in 2015 with the projected
annual dollar savings of $402,807 based on the utility rates from 2010-2011.
Phase 1A - in April 2012 Ameresco delivered an Investment Grade Audit (IGA) which included
Energy Conservation Measures for the County Courthouse, Justice Center and 800 Broadway
buildings. Projects were implemented in 2013 and complete in 2015 with the projected annual
dollar savings of $574,875 based on the utility rates in 2011.
Phase 2 - in March 2013 Ameresco delivered an Investment Grade Audit (IGA) which included
Energy Conservation Measures for 2020 Auburn, 250 William Howard Taft, Communications
Center, Sheriff Patrol Headquarters, Clerk of Courts Records Center, and Public Works Garage.
Projects were implemented in 2014 and completed in 2015 with the projected annual dollar savings
of $150,570 beginning in late 2015 based on 2012 utility rates.

USGBC LEED Certifications
LEED, or Leadership in Energy & Environmental Design, is a green building certification program that
recognizes best-in-class building strategies and practices.
 Secure LEED Certified Silver level to the design/construction of a new morgue and crime lab
per BOCC policy.

 In 2014 the 800 Broadway qualified as first County Level Government Building in Ohio as a
LEED Certified for Existing Buildings: Operations and Maintenance (LEED-EB:O+M). This
certification is valid thru 2018. To continue to be LEED Certified we will need to resubmit the
required data and information to meet the requirements in early 2018
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Annual Cost & Usage Summaries
The following chart compares electric, natural gas and water cost over the last three years.

This pie chart below is a breakdown of these costs by building for Calendar 2016
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Electric - In 2016 six of the twelve months showed lower usage than previous months (no
normalization for degree days)

Annual electric usage has been on a steady decline since 2011 but leveled off in 2016 with a slight
increase compared to 2015 (no normalization for degree days)
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Natural Gas - 2016 had higher than expected usages of natural gas in both November and December
but that was not enough to offset the large savings experience through the previous months (as seen
on the second chart below) where the overall annual usage decrease again for the third straight year.
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Water Usage - 2016 was down in eight of the twelve months as shown below in this month by month
comparison. Furthermore the overall water usage declined again for the fifth straight year (as seen on
second chart below) indicating the monthly savings outpaced the monthly overages in 2016.
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Electric Summary
The charts below show the electric usage by month cost per square foot, and usage per square
foot for two calendar years (2015 & 2016) for all buildings; notes are added for emphasis.

Courthouse at $1.49/sf in 2015
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Natural Gas Summary
The charts below show the natural gas usage by month, cost per square foot, and usage per
square foot for two calendar years for all buildings; notes are added for emphasis.

2016 showed lower gas usage Jan-Feb-Mar

Comm Center at $0.30/sf

Comm Center down to $0.27/sf

Courthouse not corrected for Justice Center Usage
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Water &Sewer Summary
The charts below show the water and sewer usage by month, cost per square foot, and usage per
square foot for two calendar years for all buildings; notes are added for emphasis.

CAB water usage and cost down from $0.23 to $0.15/sf
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Deregulated Electricity Commodity Purchasing
In 2015 County Facilities bid out the Provision of Electric Power through a public bid process (ITB) for
another three-year term. This bid was open to all Certified Electric Suppliers approved in the Duke
Energy Territory. Dynegy Energy Services was the lowest and best bidder for fixed rate offers for the
Facilities Department in this period. However other county agencies were allowed to "piggyback" on
this ITB and they also signed with Dynegy Energy Services including Stadia & Parking, DDS and
County Engineer, those savings are noted in this report. Service began for all sites on the first billing
cycle in 2016.


From January 1, 2010 - December 31, 2012 the first "Deregulated Commodity Contract" was
awarded to Duke Energy Retail Service (DERS) with an electric rate of $0.0570 per kWh at a
three year fixed price contract avoiding a cost of $1,750,695 in its three year period.



From January 1, 2013 through December 31, 2015 the First Energy price has been locked in
at $.0493 cents per kWh yielding a two year total of $906,175.



From January 1, 2016 through December 31, 2018 the Dynegy fixed price bid is locked in at
an average of $0.0528/kwh for Facilities yielding an estimate cost of $208,885 in year one of
the term.
Electric Comparison -- Broker vs. Local Utility
Year
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Usage
Non-Shopper
Shopper
Savings
Accumulated
(kwh)
Cost ($)
Cost ($)
(Annual)
Savings
38,283,754 $ 3,970,566 $ 3,195,133 $ 775,433 $
775,433
35,831,797 $ 3,739,180 $ 2,798,953 $ 940,227 $
1,715,660
34,568,328 $ 2,845,793 $ 2,810,759 $
35,035 $
1,750,695
32,584,898 $ 2,778,860 $ 2,459,886 $ 318,974 $
2,069,669
29,874,979 $ 2,685,077 $ 2,382,805 $ 302,272 $
2,371,941
26,800,137 $ 2,408,236 $ 2,123,307 $ 284,929 $
2,656,870
27,695,607 $ 2,370,471 $ 2,161,586 $ 208,885 $
2,865,755
$
$
2,865,755
$
$
2,865,755
$
$
2,865,755
$
$
2,865,755
Accumulated Savings Total: $
2,865,755

Figure 1 - Annual Electric Savings

Figure 2 - Accumulated Electric Savings

To savings above are only the "commodity" savings and not the commensurate generation savings
which is also worth millions of dollars but not included in the calculation. In this report the generation
savings are considered an avoided cost as they are a cost never experienced by the County by being
proactive in the deregulated energy market and purchasing deregulated electricity early in the
process.
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Hamilton County Natural Gas Broker Agreement
This program was put in place in 2000, with an agreement between the County and County
Commissioners' Association of Ohio (CCAOSC). The CCAOSC manages a third party gas marketer
who aggressively buys natural gas on the open market with strategies that are intended to provide the
best gas prices possible to the group with a manageable risk. Monthly totals vary between savings
and expenditures but overall the plan is saving money.
Table 1: Natural Gas Comparison, Commodity versus Duke Energy
Year
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

Gas Usage
(mcf)
103,533
111,710
109,540
109,540
123,376
114,970
117,147
116,377
108,652
107,817
106,140
92,502
94,656
113,316
96,073
89,185

Commodity
Duke
Savings
Cost
Cost
(Annual)
$
629,185 $ 724,333 $
95,148
$
491,285 $ 456,254 $
(35,031)
$
679,907 $ 684,903 $
4,996
$
746,382 $ 870,079 $ 123,697
$ 1,204,177 $ 1,174,869 $
(29,309)
$ 1,173,280 $ 1,104,029 $
(69,252)
$
958,818 $ 1,116,246 $ 157,428
$ 1,120,661 $ 1,233,389 $ 112,728
$
845,947 $ 849,018 $
3,072
$
594,920 $ 701,462 $ 106,541
$
538,309 $ 608,793 $
70,483
$
365,166 $ 454,702 $
89,537
$
369,114 $ 492,974 $ 123,861
$
562,463 $ 654,743 $
92,280
$
395,198 $ 494,710 $
99,512
$
370,554 $ 386,425 $
15,872
Accumulated Savings Total:

Figure 3: Annual NG Commodity Savings

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Accumulated
Savings
95,148
60,116
65,112
188,809
159,501
90,249
247,677
360,405
363,477
470,018
540,502
630,038
753,899
846,179
945,691
961,563
961,563

Figure 4: Accumulated NG Commodity Savings

As with any open market commodity purchase plan there is always risk on a year to year basis - some
years are better than others. In 2016, the program performed below its historical average but still
recorded $15,782 in savings and increased the accumulated savings to over $961,000. A steady
incline indicates this program has performed very well and should be continued.
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Courthouse IT (Interruptible Tariff) Savings
This program was put in place in 2003 and was ready for 2004 usage. An agreement exists between
the end user and the local utility (Duke Energy Ohio) that stipulates that natural gas service can be
curtailed at the local utility request during high demand times. The end user must also use at least
1,000 MCF during the summer months which the Courthouse does because it provides steam to the
Justice Center. Table 3 shows the accumulated savings of this plan.
Year
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
Total

Gas Usage
CCF
957,232
938,086
866,570
876,079
880,728
832,908
831,541
859,877
735,889
779,994
732,410
634,487
601,268
10,527,069

Firm
Cost
$147,918
$144,969
$133,956
$135,420
$157,511
$144,772
$118,086
$119,445
$106,063
$108,849
$109,200
$95,211
$85,342
$1,606,742

Interruptible
Cost
$54,208
$58,271
$49,751
$50,218
$62,663
$59,864
$68,508
$69,020
$67,682
$69,691
$75,457
$68,540
$67,492
$821,366

Curtailment
Cost
$0
$0
$0
$0
$0
$0
$0
$0
$0
$26,642
$38,116
$11,172
$0
$75,930

Annual
Savings
$93,710
$86,698
$84,205
$85,202
$94,847
$84,908
$49,578
$50,425
$38,381
$12,516
-$4,373
$15,499
$17,850
$709,446

Accumulated
Savings
$93,710
$180,408
$264,613
$349,815
$444,662
$529,570
$579,148
$629,573
$667,954
$680,470
$676,097
$691,596
$709,446
$709,446

Table 2: Courthouse FT / IT Natural Gas Rate Comparison

Starting in 2013 a column was added for curtailment cost. The Courthouse was curtailed by
Duke Energy three times in 2013 and 2014, and twice in 2015. The mild winter of 2016 led
to no curtailments.

Figure 5: Courthouse Annual IT Savings

Figure 6: Courthouse Accumulated IT Savings

Although this program has saved over a half million dollars historically the latest is showing a reduced
annual savings. Facilities will periodically review the necessity of this program and search for
alternatives that may save more money. This program currently cost nothing to maintain so all
savings are beneficial. Some of the reduction in savings in recent years is due to improved natural
gas consumption - a lower consumption results in lower overall costs. Curtailment in 2014 reduced
savings by 11% putting the program in negative savings for the first time ever, however, in 2015, there
was less curtailment and that brought positive savings. As the Firm Transport cost decreases and the
Interruptible Cost remains the same with decreasing consumption, leaving the program and going
back to Firm Transport gas may provide little to no additional cost for the lower risk rate tariff as
curtailment continues to occur.
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Building Utility Tracking Graphics
The following tables, figures, charts and graphs are visualization and tracking tools used to study,
verify and predict usage in the County Facilities Portfolio of buildings. They concentrate specifically
on the performance of each building in greater detail and each section provides a more itemized
review of the overall findings presented earlier in this report.
Although the overall energy usage and cost data include all Facility managed buildings we have
chosen to go into more detail on the major contributors to the total energy footprint including:









230 East 9th (William Howard Taft Law Center)
250 William Howard Taft (Environmental Services Building)
800 Broadway Building
County Administration Building
Hamilton County Courthouse
Alms & Doepke (Jobs & Family Services)
Hamilton County Justice Center
Juvenile Detention Center (2020 Auburn)

Each building section is comprised of the following data:
 A Building Profile from the Archibus showing the building footprint, external gross square
footage, rentable square footage, construction type, year built, number of floors, and fire
sprinkler status.
 Annual Electric usage summary with charts, tables and comments.
 Annual Natural Gas usage summary with charts, tables and comments.
 Annual Water and Sewer usage summary with charts, tables and comments.
 A three-year electric review of hourly electric data is included with special attention given to
summary and winter trends on these charts. Comments are provided to points successes and
area of focus for the upcoming year.
 Electrical profile review for demand curve, load duration and daily trends with comments on
the past year usage of electricity on an hourly basis.
 An Energy Star section that reviews the current status of the property in the Energy Star
Portfolio Manager program. These metrics include:
o Energy Star Score (current vs baseline)
o Historical Green House Gas (GHG) chart
o Historical Energy Use indices (EUI) for the site EUI and source EUI.
o Metrics table showing changes between the baseline year and the current year.
o Energy cost compared to the database.
o Additional comments are provided by Facilities and ThermalTech Engineering.
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230 East 9th (William Howard Taft Law Center)

Electric – Usage continues on downward trend. 2015
usage is another ten year low.
Natural Gas – Usage down after 2014 jump. 2016
usage is a ten year low for this building.
Water – Water usage down on 2016 after a slight
increase in 2015. This is s a new seven year low.
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230 East 9th - Hourly Demand Review
2016
844.8 KW Peak
1,961,846 KWH Usage

Overnight Setback looks good

Unexplained February usage
gone

2015
924.8 KW Peak
2,049,460 KWH Usage

Usage in February
unexplained. And night
setback is good

2014
931.28 KW Peak
2,240,772 KWH Usage

Usage in February
unexplained and night setback
is high first few months of year
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230 East 9th - Energy Star Review

Energy Star Charts:
The EPA's Energy Star website tracks the Energy Use
Index EUI and the Green House Gas GHG emissions
annually for a building based on the electricity, natural
gas and water usage. These charts demonstrate the
history of this building based on that data.
Energy Star Score:
The 230 East Ninth Street building has a current
Energy Star score is 91. This building qualified in
2013, 2014, 2015 and 2016.
EUI Trend:
The downward trend for 2016 shows that the energy
conservation projects are working. The current EUI is
now at 58 kBtu/sf.
GHG Trend:
The downward trend for 2016 shows the current
energy conservation projects are working. GHG
emissions dropped from 2,421 in 2007 to 1479 in
2016 in MtCO2e.

Energy Star Metrics
Using the latest metrics available it
can be seen that the ECM's in this
building has pushed the building to a
qualifying level for Energy Star for
several years now.
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250 William Howard Taft (Environmental Services)

Electric – Usage is slightly up in 2016 but remains
second lowest annual usage since 2010.

250 WHT - Water Usage
5000
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4000

Natural Gas – Usage slightly up in 2016
compared to 2015 right at median usage since
2010.

3500
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Water – Water usage slightly up in 2016 but still
lower than three of the previous four years.

1000
500
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250 William Howard Taft (Environmental Services) - Hourly Demand Review

2016
198.7 KW Peak
668,662 KWH Usage

Electric usage shows
sporadic overnight usage
in summertime and
October usage
Some evening and
weekend hours are using
night setback. Chiller
appears to be running
longer and after hours.

2015
195 KW Peak
637,835 KWH Usage

Overnight Setback not
always used at this
building
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250 William Howard Taft (Environmental Services - Energy Star Review

Energy Star Charts:
The EPA's Energy Star website tracks the Energy Use
Index EUI and the Green House Gas GHG emissions
annually for a building based on the electricity, natural
gas and water usage. These charts demonstrate the
history of this building based on that data. However
jails do not qualify to certification with Energy Star.
Energy Star Score:
This building has been gradually improving and has a
reached a score high enough to qualify in 2014, 2015
and 2016.
EUI Trend:
The downward trend continued in 2016. The EUI of
58.8 (2015 & 2016) continues to be lower than the
base year of 81.7 (2010).
GHG Trend:
The GHG emissions of 468 (2016) continues to be
lower than the base year of 1080 in (2007).

Energy Star Metrics
Using the latest metrics available from the
Energy Star website it can be seen that this
building is performing very well.
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800 Broadway Building

800 Broadway Annual Gas Usage
18,000
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Gas Usage

Electric – Electric usage is down in 2016 and in
compliance with 2013 & 2014. 2015 appears to
be an anomalous year.
Natural Gas – Gas usage down again in 2016 but
still not back to 2009 levels and 2016 was a mild
winter.
Water – Water usage decreased in 2016 and is
the lowest since 2013..
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800 Broadway Building - Hourly Demand Review

2016
921.6 KW Peak
3,563,813 KWH Usage

Chillers are being left on
overnight for several
periods of the year

2015
883.2 KW Peak
3,758,511 KWH Usage

Chillers are being left on
overnight for several
periods of the year

2014
844.8 KW Peak
3,546,449 KWH Usage

Chillers being ran
overnight starting in
June of 2014
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800 Broadway Building - Energy Star Review

Energy Star Charts:
The EPA's Energy Star website tracks the Energy Use
Index EUI and the Green House Gas GHG emissions
annually for a building based on the electricity, natural gas
and water usage. These charts demonstrate the history of
this building based on that data.
Energy Star Score:
This building received the Energy Star award in 2016 for
the ninth straight year. This building also received the
LEED EB+OM certification in 2014.
EUI Trend:
The Energy Use Index EUI after leveling off for few years
showed marked improvement in 2016. Source EUI down
to 127.9 from 177.6 and Site EUI down to 53.9 from 72.8 in
2007.
GHG Trend:
The GHG trend has also leveled off but is still down from
the initial years. GHG emissions dropped from 4103
(2007) to 2645 (2016) in MtCO2e.

Energy Star Metrics Using the latest metrics
it can be seen that the 800 Broadway building
continues to receive good marks in the Energy
Star score.
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County Administration Building

Electric – usage continues on downward trend.
2015 usage is a ten year low for this building with
2016 showed a slight increase.
Natural Gas – gas usage has been sporadic at
this building but both of the last two year are
acceptable although not at 2006 levels.
Water – water usage plummeted again last year
for its single biggest decrease in recent years.
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County Administration Building - Hourly Demand Review

2016
1071.6 KW Peak
3,118,359 KWH Usage

Chillers left on overnight
most of the summer

2015
1124.4 KW Peak
3,080,754 KWH Usage

Night Setback and overnight
KW acceptable

2014
1036.8 KW Peak
3,423,074 KWH Usage

Night Setback and overnight
KW pretty good but can be
improved
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County Administration Building - Energy Star Review

Energy Star Charts:
The EPA's Energy Star website tracks the Energy Use
Index EUI and the Green House Gas GHG emissions
annually for a building based on the electricity, natural
gas and water usage. These charts demonstrate the
history of this building based on that data.
Energy Star Score:
This building qualified for Energy Star in 2012, 2014,
2015 and 2016.
EUI Trend:
The source EUI and Site EUI were slightly higher in
2016 mostly likely due to the additional usage as
indicated in both electricity and natural gas.
GHG Trend:
The general downward and continued trend of the
GHG continues although 2016 was slightly higher
than 2015 due to increased usage in electricity and
gas. 2016 GHG was 2176.6 metric tons CO2e.

Energy Star Metrics
Using the latest metrics available
from the Energy Star website it
can be seen that the County
Administration Building is
performing well with a Site EUI
down from 83.6 to 69.2 and a
GHG down to 2173 metric tons.

(continued on next page)
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Alms & Doepke (Jobs & Family Services)

Electric – Usage slightly up ion 2016 but still
much lower than previous years.
Natural Gas – Usage down again to its lowest
usage in last ten years.
Water – water usage rose in 2016 to post a 4
year high but still lower than 2009-2012 when the
ECM project began.

2016 Energy Management Annual Report

Page 39

Alms & Doepke (Jobs & Family Services) - Hourly Demand Review

2016
793 KW Peak
3,231,983 KWH Usage

This "bump" through the
summer indicates that
chillers are being left on
24/7

2015
852 KW Peak
3,220,691 KWH Usage

Night setback not being
used to its fullest extent.

2014
1027 KW Peak
3,660,955 KWH Usage

Night setback not being
used to its fullest extent.
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Alms & Doepke (Jobs & Family Services) - Energy Star Review

Energy Star Charts:
The EPA's Energy Star website tracks the Energy
Use Index EUI and the Green House Gas GHG
emissions annually for a building based on the
electricity, natural gas and water usage. These charts
demonstrate the history of this building based on that
data.
Energy Star Score:
This building qualified for Energy Star Certification in
2015 and 2016 and is maintaining its high score of 91.
EUI Trend:
The Energy Use indexes both trend downward but like
so many other facilities 2016 show a slight increase in
both Source and Site EUI. Source down to 132.6 and
Site down to 53.3.
GHG Trend:
The downward trend for 2015 shows the current
energy conservation projects are working. GHG
emissions dropped from 4399 in 2008 to 2313 in 2016
(down another 100 metric tons) MtCO2e.

Energy Star Metrics
Using the latest metrics it can be seen that
the ECM's in this building has pushed the
building to a qualifying level for Energy Star.
This Energy Star score is up from 54 to 91,
the Source EUI is down from 213 to 132 and
the Site EUI is down from 83 to 53 while
GHG has dropped from 3730 to 2313.
These are great results.
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Hamilton County Courthouse

Electric – usage slightly up compared to 2015 but
continues to be much lower than previous years.
Natural Gas – gas usage down again in 2016 for
a new .ten year low.
Water – usage slightly up but still lower than any
of the previous recorded values prior to 2015.

2016 Energy Management Annual Report

Page 43

Hamilton County Courthouse - Hourly Demand Review

2016
1288 KW Peak
4,114,457 KWH Usage

Night setback not used in
summer of 2016.

2015
1364 KW Peak
4,055,640 KWH Usage

Night setback working
perfectly.

2014
1263 KW Peak
4,456,500 KWH Usage
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Hamilton County Courthouse - Energy Star Review

Energy Star Charts:
The EPA's Energy Star website tracks the Energy Use
Index EUI and the Green House Gas GHG emissions
annually for a building based on the electricity, natural
gas and water usage. These charts demonstrate the
history of this building based on that data. New
metering is going to greatly improve the Courthouse
scores in 2016.
Energy Star Score:
The score has already increasing significantly due to
metering installed in 2015.
EUI Trend:
The index has already started improving significantly
due to new metering installed in 2015.
GHG Trend:
The score has already started improving significantly
due to new metering installed in 2015.

Energy Star Metrics
The Metrics at the Courthouse are
improving at a steady pace. As mentioned
previously this is partially due to better
accounting and measurement of
Courthouse usage taking credit for
supplying steam to the Justice Center as
well as the Courthouse. Energy Star up
from 24 to 82, Source EUI down from 299 to
145, Site EUI down from 211 to 82 and
GHG down from 8161 to 4100.
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Hamilton County Justice Center

Electric – electric usage went up a little bit 2016
like so many accounts did on 2016.
Natural Gas – gas usage continues to be low.
2016 had a little higher usage given the JC
coverage of a month outages at the CH for a new
vacuum pump.
Water – usage continues to be lower the
historical data with 2016 the lowest on record.
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Justice Center - Hourly Demand Review

2016
1706 KW Peak
9,002,306 KWH Usage

24/7 requirements for
cooling shown in the
overnight usage profile.

2015
1564 KW Peak
8,683,306 KWH Usage

Overnight usage using as
much night setback as
possible in a 24/7 facility

2015
1629 KW Peak
8,770,517 KWH Usage
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Justice Center - Energy Star Review

Energy Star Charts:
The EPA's Energy Star website tracks the Energy Use
Index EUI and the Green House Gas GHG emissions
annually for a building based on the electricity, natural
gas and water usage. These charts demonstrate the
history of this building based on that data.
The Justice Center cannot qualify for certification as
the Energy Star group has no certifications for jails.
Energy Star Score:
The EUI and Energy Star will be adjusted over the
next two years as we adjust scores for new metering
that was installed at the Courthouse. 2016 is
evidence of the adjustment for District Heating being
provided by the Courthouse. The good news is that
the Courthouse does now qualify for Energy Star.
EUI Trend:
The EUI score has increased as expected due to
District Steam now being recorded as a new meter on
this profile.
GHG Trend:
The GHG score has increased as expected due to
District Steam for the Courthouse being recorded at
the Justice Center.

Energy Star Metrics
The Metrics at the Justice Center will be
changing a lot over the next few years as
the Courthouse district heating plant is
modeled into the system. This change will
necessarily drive Source, Site and GHG
number higher until they settle back out at
more typical values.
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Youth Detention Center (2020 Auburn)

Electric – after achieving a ten year low in 2015
the electric usage trending slightly upward in
2016.
Natural Gas – gas usage was down in 2015. The
usage is not back down to 2012 levels yet but it is
trending downward.
Water – water usage was up in 2016, we will
investigate monthly usage and try to rectify in
2017.
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Youth Detention Center (2020 Auburn) - Hourly Demand Review

2016
513 kW peak 2016
2,033,822 kWh 2016

Chillers operate 24/7 in
summer months (typical
for jail facility)

2015
472 kW peak 2015
1,951,775 kWh 2015

Chillers operate 24/7 in
summer months (typical for
jail facility)

2014
460 kW Peak 2014
2,123,074 kWh 2014

Chillers operate 24/7 in
summer months (typical for
jail facility)
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Youth Detention Center (2020 Auburn) - Energy Star Review

Energy Star Charts:
The EPA's Energy Star website tracks the Energy Use
Index EUI and the Green House Gas GHG emissions
annually for a building based on the electricity, natural
gas and water usage. These charts demonstrate the
history of this building based on that data. However
jails do not qualify to certification with Energy Star.
Energy Star Score:
This building has been gradually improving and has a
score high enough to qualify with 2016 being the best
year to date, however Detention Facilities cannot
receive the award under the current EPA guidelines.
EUI Trend:
The downward trend continued in 2016. The EUI of
69.3 is even lower than 79.2 in 2015 and is
substantially lower than the base year of 97.5 (2006).
GHG Trend:
The downward trend continued in 2016. The GHG
emissions of 1572 (2016) continues to be lower than
the base year of 2072 in 2006.

Energy Star Metrics
Since there is no metric for jails and penal
spaces, this building uses office space and
residency living space to score these
metrics. Regardless all the trends show the
building is being operated more efficiently
every year.
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Appendix A - Glossary of Terms
BASELINE OR BASEYEAR - The reference to the year in which the County began its Energy
Conservation Project, the calendar year 1997.
BROKER OR MARKETER - Natural gas marketers, or brokers, are independent companies that
arrange alternate rates and terms of service for Primary Gas or Electric supply. Marketers offer the
option of different terms of pricing than that offered by Duke Energy, such as a fixed rate for a fixed
period of time. Marketers only arrange a customer's gas or electric supply—they do not deliver the
natural gas or provide utility services.
BTU - A British thermal unit (BTU) is a standard unit of energy that is used in the United States. A 5ton air conditioner that conditions a typical home is equivalent to 60,000 BTU/hour. A 100 watt light
bulb dissipates 341 BTU/hour. The BTU is often used as a quantitative specification for the energyproducing or energy-transferring capability of heating and cooling systems such as furnaces, ovens,
refrigerators, and air conditioners.
CCAOSC - County Commissioners' Association of Ohio. For the purposes of this report this refers to
the organization in which Hamilton County Facilities is partnered with to provide all natural gas
commodities for Hamilton County owned buildings. The CCAOSC manages the contract through
Exelon Energy for all the Counties in the current buying block.
DDC - Direct Digital Control is a name given to computer systems used to monitor, trend, adjust and
control building HVAC (Heating, Ventilating and Air Conditioning) Systems.
DEGREE-DAY - A rough measure used to estimate the amount of heating or cooling required in a
given area, defined as the difference between the mean daily temperature and 65 degrees
Fahrenheit. Cincinnati typically experiences about 4,500 heating degree-days per year.
DEO - Duke Energy Ohio is the regulated utility provider in Hamilton County.
DERS - Duke Energy Retails Service is the deregulated branch of Duke Energy in the Hamilton
County area.
ECM - Energy Conservation Measure. Reference to any activity (project, scheduling, replacement,
task) that is taken to save or use energy more wisely.
ESCO - Energy Service Company.
FT RATE - See IT Rate.
ENGINEERING ENERGY PARTNER - An energy service company or registered professionals, such
as architectural and engineering firms, that provide the expertise, services, equipment, and financing
without performance contracting guarantees (e.g. ThermalTech Engineering in this report).
GS RATE - See IT Rate
HVAC - Heating, Ventilating and Air Conditioning.
IGA - Investment Grade Audit.
IT RATE - Interruptible Rate Tariff. An optional rate schedule offered by Duke Energy that charges
the customer lower transportation prices on natural gas in exchange for Duke Energy's ability to curtail
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the gas supply to building during high demand periods. The gas can be purchased on the open
market from companies other than Duke Energy. GS stands for General Service (the default
residential and commercial rate schedule) and FT stands for Firm Transportation (similar to IT but it
cannot be curtailed).
KW - The kilowatt (symbolized kW) is a unit of power measurement. Used by the utility industry to
measure the peak power consumption of buildings. A peak kW of usage costs about $10-15/month.
KWH - The kilowatt-hour (symbolized kWh) is a unit of energy equivalent to one kilowatt (1 kW) of
power expended for one hour (1 h) of time. It is commonly used in electrical measurement
applications. A 100 watt light bulb operated for 10 hours consumes 1,000 watt-hours or 1 kWh. A
kWh costs about $0.03-0.05.
LEED® - Leadership in Energy and Environmental Design. A rating system created by the U.S.
Green Building Council to allow the sustainability and energy efficiency of buildings to be compared.
Points can be earned for energy and water savings strategies, indoor environmental quality, materials
recycling. The rating system has reward levels of certified, bronze, silver and gold.
LIFE CYCLE COST (LCC) - A financial decision-making calculation for building owners and
designers. It provides a means of comparing the net present value or rate-of-return of two or more
design alternatives. For each alternative, first costs and annual maintenance and energy costs are
combined with financial factors input to a LCC spreadsheet. The final result is a number that shows
the total cost of ownership over an economic period (20 years typically for mechanical equipment) and
allows the owner to select the piece of equipment that provides the best financial return.
MCF – A unit of measurement used for natural gas equal to 1,000 cubic feet of gas or about 1
mmBTU. An MCF costs about $5-10.
NIGHT SETBACK -A terminology used when HVAC control systems are schedule off when the
building is unoccupied. Normally these setbacks will allow the building to rise to 80 degrees in the
summertime and drop to 65 degrees in the wintertime before bringing the building system back on to
maintain the building temperature.
NORMALIZED - For the purposes of this report there are two cases of normalization. The first is the
way in which Duke Energy bills it customers. Since meter read dates often occur in the middle of the
month the bills often range from dates (i.e. the 21st of one month to the 21st the next month). When
this happens the usage and cost is put in the month with the most days represented (i.e. if a bill
arrives on March 1st for the dates of Jan 21 through Feb 21 that is considered the February bill). The
second occurrence of normalization occurs in comparing successive calendar years to the baseline
year of this report. To accurately decide if energy usage and cost have increased or decrease the
rising or falling cost of gas and electric is factored out in addition to the effect of hotter summers and
colder winters. This is accomplished by acquiring the degree-days for each year and building a ratio
from each year to the base year. Lastly, the minimum utility usage of a building that is independent of
external stimuli (e.g. computers, lights, elevators, etc) is determined. The "Normalized" Master
Spreadsheet is then created.
PAYBACK PERIOD - The amount of time required for an asset to generate enough savings to offset
the initial outlay for the asset.
PC - Performance Contractor or ESCO as in Energy Service Company.
PROJECTED SAVINGS (In a savings-based financing agreement) - Refers to the expected annual
dollar value of the reduced energy consumption due to implementing conservation measures.
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SAVINGS-BASED FORMULA - The formula (calculation of savings procedure) specified in the
contract, which is used to determine savings. Usually involves four steps:
1.
2.
3.
4.
5.

Determine actual historical usage and contributing operating conditions to form a base
year
Adjust base year actual usage for variations (temperature, occupancy, etc.) to form a
baseline
Subtract actual usage from adjusted baseline consumption and
Calculate savings by multiplying the units of energy saved by the current cost per unit.
Note: Calculations for electrical demand savings are considered part of the formula but
are computed separately.
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Appendix B - Accomplishments
Since the implementation of the Energy Conservation Master Plan in 1998, County Facilities has
implemented the following ECM's and continues to look for similar improvements in the buildings:
 All Buildings
1998

Hamilton County Facilities uses an outside firm, ThermalTech Engineering, to assist in
monitoring energy usage monthly. To date this alliance has discovered a $50,000
billing error at the 800 Broadway building and a $16,000 electric tariff billing error at an
MRDD facility.

1999

The CCAOSC Service Corporation (CCAOSC) Board of Trustees authorized the
establishment of a Natural Gas Program for CCAOSC members. The 30 counties that
signed up for the program by saving money in two ways: Pre-payment and Aggregation
(buying as a group). Taxable bonds which totaled $29,890,000 were issued by
Hamilton County on October 31, 2000 to assist the CCAOSC Service Corporation and
30 CCAOSC Natural Gas Program member counties. The program began November
1, 2000 with Exelon Energy managing the gas portion of the program which ended in
May 2009

2000

Life Cycle Cost and Total Cost of Ownership to purchase large mechanical equipment
(boilers, chillers, air handlers and cooling towers).Facilities began purchasing
deregulated natural gas with the CCAOSC in October 2000.
Implement FT gas rate for all buildings (Duke Energy Resources won bid and later
went defunct).

2009

County Facilities has accepted deregulated electricity bids twice to try to beat Duke
Energy prices (currently no bidders have ever been able to meet County bid
requirements and Duke Energy prices). In 2010 the County entered into a contract
with Duke Energy Retail Services for commodity electricity for three years.
A three year contract with Duke Energy Retail purchasing deregulated electric power
reduced the cost of electric power by 20%.

2012

The deregulated purchase of electric power was continued with the award of a three
year contract with First Energy.

2015

The deregulated purchase of electric power was continued with the award of a three
year contract with Dynegy Energy Services.
The County entered into a new deregulated purchase of natural gas through the
County Commissioners Association of Ohio which Ralph W. Linne is a sitting board
member.

 230 East 9th
1994

Completed building upgrade of all HVAC and electrical systems. Upgrade included
new DDC building automation system complete with night setback and two hour
overrides that turn off unscheduled starts of the heating and cooling system
automatically after two hours of unoccupied use. Power Logic electrical panels also
allow for two hour unscheduled use of lighting system before it automatically places the
lights back into unoccupied mode. A complete variable-flow air handling system with
similar zones for better space control and varicone air handlers on roof to handle part
load conditions within the building utilizing these new VFD's.

2012

Implementation of energy conservation measures from Ameresco Investment Grade
Audit Phase 1 including high-efficiency condensing boiler and domestic water heater
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upgrade, boiler flue relining and boiler economizer repair, cooling tower replacement
and condensate reclaim from rooftop units (RTU).






237 William Howard Taft (building was sold in December 2011)
2001

Purchased and installed two new higher efficiency boilers using the Life Cycle Cost
procedure and modern control strategies.

2006

Purchased and installed a new 400-ton Chiller using the Life Cycle Cost resolution
interlocked with DDC system to provide optimal start/stop and night setback. Added
VFD to primary chilled water pump for better flow control through chiller. Controls
contractor added additional programming for better backup control of building while in
setback over weekends.

2007

Upgraded DDC system with night setback programming.

2009

Public Works replaced HVAC system with new equipment, DDC controls upgrade,
chilled water and heating hot water upgrades.

250 William Howard Taft
2009

Replace chiller with high efficiency Trane Screw Chiller with VFD; upgrade pumps and
pumping strategy to variable secondary flow.

2010

Replace existing boilers with new high efficient hot water condensing boilers.

2013

Upgrade outdoor lighting to high efficiency lighting fixtures.

2014

Implementation of energy conservation measures from Ameresco Investment Grade
Audit Phase 2 including lighting upgrades, water conservation, HVAC and controls
upgrades.

800 Broadway
1999

Eliminated unnecessary space cooling during unoccupied periods in the cooling
season.
Turned off Waiting Room AHU fans with timeclocks during unoccupied periods.
Used night setback to eliminate unnecessary space heating and cooling during
unoccupied periods.
Used small compressors in the computer room cooling units in lieu of the large building
chiller during the heating season.
Added sewer deduction water meter for cooling tower and boiler make-up water.
Insulated bare steam and condensate piping and related equipment in various parts of
the building.
Installed fluorescent lighting fixtures in place of incandescent units.
Upgraded secondary CHW pump VFD controls to allow variable speed operation of
pump; block all bypass ports of 3-way valves to promote variable flow.
Installed two high-efficiency power burner gas water heaters and shutdown large
steam boilers all summer long.
Combined cooling tower operation to take advantage of low speed fan operation.
Replaced the 600-ton Trane chiller with a high efficiency chiller. Modified the cooling
tower piping and fan controls to allow both towers to serve one chiller at lower fan
speed.
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Upgraded the building automation to full DDC system. Utilize scheduling and setbacks.
IPAC Phase I. 2000.
Programmed "Near optimized control of Chiller Plants" into DDC system.
2001

Upgraded the building automation to full DDC system. Utilize scheduling and setbacks.
IPAC Phase II. 2001.

2002

Upgraded the building automation to Full DDC system.
setbacks. IPAC Phase III. 2002.

2003

Replaced outdated cooling towers utilized two speed motors with new counterflow
cooling towers equipped with VFD's.

2003

Discovered $50,000 billing error from Duke. Recovered cost as a credit for local utility
for this building.

2004

Replaced old boilers with new higher efficiency boilers.

2013

Implementation of energy conservation measures from Ameresco Investment Grade
Audit Phase 1A including lighting upgrades, controls/recommissioning, VFDs on pumps
or fan motors, water conservation measures, heat exchanger package, domestic water
booster pump package, phone room A/C, computer room consolidation, OPFMA
training, and energy behavior modification training.

Utilize scheduling and

 2020 Auburn (the Juvenile Jail)
2010

Installed new high-efficiency condensing boilers.

2014

Implementation of energy conservation measures from Ameresco Investment Grade
Audit Phase 2 including lighting upgrades, water conservation, VFD and mechanical
upgrades.

 Alms & Doepke Building
1994

Low VOC materials - paint, furniture, carpet.
Met LEED criteria for daylighting/view access to staff.
Installed a high efficiency charcoal filtration system with 100% OA.
Mechanical system flushout ran one week at high temperatures to encourage early offgassing.
Mechanical system monitored offsite to see that the building systems continue to
operate at best levels.
Mechanical system computer controls defaults to appropriate setting when changed
manually to inappropriate settings.
High efficiency lighting - among the best available at the time.
Reused/recycled content materials - flooring (primarily carpeting), systems furniture,
ceiling tile.

1999

Insulated domestic hot water storage tank in penthouse.
Insulated bare steam and condensate piping and related equipment in various parts of
the building.
Upgraded insulation values in building.
Insulated bare steam and condensate piping and related equipment in various parts of
the building.
Insulated bare steam and condensate piping and related equipment in various parts of
the building.
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2012

Implementation of energy conservation measures from Ameresco Investment Grade
Audit Phase 1 including replacement of domestic water heaters with the addition of a
heat pump water heater.

2016

Six VAV boxes with hot water reheat were added to the first floor to address winter
time tenant comfort, controls were recommissioned.

 911 Communications Center
2014

Implementation of energy conservation measures from Ameresco Investment Grade
Audit Phase 2 including lighting upgrades, water conservation, heat recovery, HVAC
and controls upgrades.

 County Administration Building
1999

Insulated bare steam and condensate piping and related equipment in various parts of
the building.

2005

Replaced old evaporative tenth floor chiller with a high efficiency air cooled chiller
purchased through life cycle cost analysis.
Replaced Rooftop Units 1 & 2 with new Trane Intellipak systems.

2012

Implementation of energy conservation measures from Ameresco Investment Grade
Audit Phase 1including replacement of existing steam boilers with high-efficiency
condensing boilers, domestic water heater replacement and recovery of heat rejection
from computer room A/C units.

 County Courthouse
1999

Replaced constant volume air handlers with energy efficient VAV units under DDC
control.

2003

Upgraded boiler plant to utilize separate condensate receiver and deaerator so that
boiler stack economizers can be utilized to preheat feedwater for better efficiency at
steam production.

2004

Converted to IT Rate transport gas supply from Duke Energy (Commodity purchased
through CCAOSC).

2006

Modified Boiler DDC system to fire boilers more efficiency and prevent moisture
carryover during steam production.

2013

Implementation of energy conservation measures from Ameresco Investment Grade
Audit Phase 1A including lighting upgrades, controls/recommissioning, VFD's on
pumps or fan motors, water conservation measures, domestic water heater, blowdown
heat recovery, computer room A/C modifications, well water makeup, OPFMA training,
and energy behavior modification training.
State Term Contracting was used to upgrade inefficient DX equipment that provides
cooling to several sections of the Courthouse requiring after hour space conditioning.

2016

In 2016 the Hamilton County Courthouse received its first Energy Star certification with
a score of 82.

 Justice Center
2001

Replaced cooling towers with new cooling towers equipped with VFD's.

2006

Recommissioned the DDC system to eliminate many obsolete and broken control
components. Take better control of schedules and outdoor air control. Repaired
system back to original specifications.
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2006

Replaced dual duct boxes in Sheriff's Offices to improve comfort and energy usages.

2007

Installed VFD drives on stairwell pressurization fans to reduce amount of conditioned
air being exhausted from building.

2010

Replaced Domestic Water Booster pumping system with higher efficiency Grundfos
VFD domestic water pumps.

2013

Implementation of energy conservation measures from Ameresco Investment Grade
Audit Phase 1A including lighting upgrades, controls/recommissioning, VFDs on pumps
or fan motors, water conservation measures, chiller replacement, heat pump water
heaters, solar water heaters, control area HVAC, OPFMA training, and energy
behavior modification training.

 Public Works Garage
2014

Implementation of energy conservation measures from Ameresco Investment Grade
Audit Phase 2 including lighting upgrades, water conservation, HVAC and controls
upgrades.

 Sheriff Patrol Headquarters
2014

Implementation of energy conservation measures from Ameresco Investment Grade
Audit Phase 2 including lighting upgrades, water conservation, HVAC and controls
upgrades.

2016

AHU-2 & 6 replaced with new higher efficient equipment. RTU-2 equipped with 100%
economizer for free cooling

 Winton Road Records Center
2001

Installed Air Handling Unit with no economizers to reduce the humidification costs for
archive storage facilities. HVAC load calculations indicated that use of free cooling
outdoor air would actually use more energy than recirculation. The County acquired a
variance from Building Department for this installation.

2014

Implementation of energy conservation measures from Ameresco Investment Grade
Audit Phase 2 including lighting upgrades, water conservation, HVAC and controls
upgrades.
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Appendix C - History
Since the large portion of utility usage is directly attributable to six major downtown buildings (222,
230, 800, 2020, Admin, CH and JC) the charts in this report primarily reflect their usage and cost.
However the Facility Department manages or co-manages over 2.5 million square feet which includes
these six buildings and the following facilities: 250 & 264 William Howard Taft, 911 Communication
Center, 9500 Target Range, Coroner's Office, Heliport, Public Works Garage, Memorial Hall, Sheriff
Patrol Headquarters and Winton Road Records Center. County Facilities does not provide all
services in all of these buildings as some of them have their own management, pay their own utility
bills, or perform their own maintenance but for the most part County Facilities has something invested
in each of these facilities.

Energy Conservation Master Plan (ECM)
In 1998 County Facilities began an Energy Conservation Master Plan (ECM) study with a local
engineering firm called ThermalTech Engineering. The County selected ThermalTech Engineering
because of their long-standing tradition of engineering energy management (they have performed
over 100 Federal Title III energy audits, have a full understanding of Duke Energy's rate tariffs and
engineering design experience to assist with installations).
In 2003 the ECM was updated with a grant from Rebuild America and again in 2011 the ECM was
update thru Energy Audits performed by Ameresco.

Performance Contract
Ameresco performed several phases of Investment Grade Audits through a performance contract per
House Bill 295/300. Phase 1 included Alms & Doepke, A&D Parkhaus Garage, County Administration
and 230 East 9th. Annual project savings in the report dated 9/9/11 is $403,000. $1,450,000 of
federal grants (EEGBC funds) was used to co-fund this project. $284,500 of incentives through the
Duke Energy Smart $aver program were awarded to fund implementation of the energy and water
conservation measures identified. These projects were implemented in 2012.
Phase 1A
The following phase of audits included the Courthouse, Justice Center and 800 Broadway. Annual
project savings in the report dated 4/19/12 is $767,000. $1,352,901 of federal grants (EEGBC funds)
were used to co-fund this project. $72,250 of incentives through the Duke Energy Smart $aver
program were awarded to fund implementation of the energy and water conservation measures
identified. The recommended energy and water conservation projects were implemented in 2013.
Phase 2
The next phase of audits included 2020 Auburn, 911 Communications Center, Sheriff Patrol HQ, 250
William Howard Taft, Coroner's Facility, Clerk of Courts Records, 264 William Howard Taft, Public
Works Garage, and 2611 Highland. Annual project savings in the report dated 3/28/13 is $151,000.
The recommended energy and water conservation projects were implemented in 2014.

Cinergy Resources
As the project continued, opportunities to acquire natural gas supplies through deregulation were
identified. Facilities and ThermalTech prepared bid documents and secured a brokered supplied
natural gas commodity from Duke Energy Resources in 1999 but shortly after the program started,
Cinergy Resources went defunct and the County was forced back onto CG&E natural gas.

CCAOSC Service Corporation Natural Gas Programs
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In 1999 the CCAOSC Service Corporation (CCAOSC) Board of Trustees authorized the
establishment of a Natural Gas Program for CCAOSC members. The 30 counties that signed up for
the program saved money in two ways: Pre-payment and Aggregation (buying as a group). Taxable
bonds which totaled $29,890,000 were issued by Hamilton County on October 31, 2000 to assist the
CCAOSC Service Corporation and 30 CCAOSC Natural Gas Program member counties. The
program began November 1, 2000 with Exelon Energy managing the gas portion of the program and
ended in May 2009.
The County signed on to a new program with the CCAOSC in May 2009 with Palmer Energy acting as
the Energy Broker for the CCAOSC Natural Gas Program member counties of which in 2010 there
were over 50. Presently the Facilities Director, Ralph Linne, serves on the Natural Gas Executive
Committee and is the representative for Hamilton County.

Procurement of Electricity from the Deregulated Market
County Facilities has also attempted to buy electricity on the deregulated market and has produced
bid packages for this purpose. Jim Clarkson of Resource Management, Inc along with ThermalTech
Engineering prepared the bid packets. Bids were opened on two occasions but in one case the prices
were not low enough to project any savings to the County and ThermalTech recommended not
accepting any bid.
The second bid was not executable due to contract and pricing restrictions by the marketers basically a contract could not be agreed upon fast enough to keep the bid prices on bid day intact (the
market is very volatile).
The third try in 2010 was successful with a three year contract with Duke Energy Retail lowering the
cost of electric power by 20%.
In 2013 the fourth bid was again successful with First Energy Solutions being awarded a three (3)
year contract for calendar years 2013 thru 2015.

Energy Manager
County Facilities has had two full time energy managers since 2001, but has not had this position
filled for several years. In lieu of a having a full time employee, ThermalTech Engineering has
provided monthly review and reconciliation of utility bills, prepared the RFPs for electric power,
updated the ECM, and assisted in preparing the data presented in this report. Presently they analyze
trends and reports monthly on County utility usage and prepare this annual Energy Report.

List Energy Related Awards
Over the years in this program, County Facilities has applied for numerous awards and have won
many significant awards that honor the efforts. Here is a list of accomplishments to date:
2015




2016 FMXcellence Award - Hamilton County Facilities Department
2016 Facility Executive of the Year - Ralph W. Linne - Winner
Energy Star Awards for 250 William Howard Taft, 230 East 9th, 800 Broadway Building
Alms & Doepke (Jobs & Family Services and County Administration Building
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2014
 Energy Star Award for the 800 Broadway, 230 East 9th and County Administration Building
 LEED-EB:O&M Certification - 800 Broadway Building (5-Year Certification)
 Business Courier Green Building Awards - Finalist
2013
 EPA Energy Star Award for the 800 Broadway and 230 East 9th Street buildings.
 Business Courier Green Awards - Participant
 Building Owners and Managers Association (BOMA) of Cincinnati Highest Performing
Building 2nd Place for County Administration Building
 BOMA of Cincinnati Most Improved Performance 2nd Place for County Courthouse
 BOMA of Cincinnati Most Improved Performance 3rd Place for Alms & Doepke
2012
 EPA Energy Star Award for the 800 Broadway and County Administration Building
 Business Courier Green Awards - Finalist
2011
 EPA Energy Star Award for the 800 Broadway, County Administration Building and 230 East
Ninth Street buildings
2010
 EPA Energy Star Award for the 800 Broadway Building
 Who’s Who 2009: Leaders in Energy Management and Sustainability
2009
 EPA Energy Star Award for the 800 Broadway Building
2008
 EPA Energy Star Award for the 800 Broadway Building
2006
 Governor's Award for Energy Excellence - Honorable Mention
2005
 Governor's Award for Energy Excellence - Second Place Finisher
 Local and Regional TOBY (The Office Building of the Year) for 800 Broadway
2004
 Governor's Award of Energy Excellence - First Place Finisher
 Alliance to Save Energy - Participant
2002
 Rebuild America Energy Grant Recipient - Winner
2001
 NACO Award for Life Cycle Cost Purchasing - Winner
 Regional TOBY (The Office Building of the Year) for the County Courthouse
2000
 Local TOBY (The Office Building of the Year) for the County Courthouse
 Regional TOBY (The Office Building of the Year) for the 230 East Ninth Building
1999
 Local TOBY (The Office Building of the Year) for the 230 East Ninth Street Building
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Appendix D - Conversions & Methodologies
The following equations, references, unit conversions and methodologies were used in the creation of
this report and with the Energy Conservation Project from 1998- present;
References













Archibus - http://hamiltoncounty.asset-fm.com/archibus/login.axvw
Energy Watchdog - www.pro.energywatchdog.com
EPA Energy Star -https://portfoliomanager.energystar.gov/pm/login.html
ASHRAE - https://www.ashrae.org/
AEE Handbook
HVAC Equations, Data and Rules of Thumb, Second Edition
Guide to Energy Management, Fourth Edition
Trane Trace
DOE eQuest
www.degreday.net
www.duke-energy.com
Engineering Spreadsheets created by ThermalTech Engineering for the express purpose of
tracking and reporting data for this report.

Methodologies





Linear Regression Modeling for Weather Normalization
Excel Spreadsheet for Duke Tariff reconciliation for electric and natural gas.
Excel Spreadsheet Demand Curve Analysis for load profiles.
Life Cycle Cost Analysis for equipment purchases during Energy Conservation Projects.

Popular Conversions
Unit

Name

Definition/Notes

BTU
C
CCF
MCF
M
MM
MMBtu
Therm
CF ng
CCF ng
MCF ng
W
K
KW
KWH
1W
1 KW
1 KW motor
1 HP motor
PPH
1 PPH

British Thermal Unit
100
100 cubic feet
1000
1000
1,000,000
1,000,000
= 100,000 BTU
= 1023 btuh
= 102,300 btu's
= 1.023 MMbtu
Watts
1000
= 1000W
Kilowatt-hours
= 3.413 btuh
= 3413 btuh
to Horsepower
to KW
Steam
x 970

Heat required to raise 1 lb water 1 degree F
equals one hundred (100).
100 cubic feet (cf) of natural gas.
1000 cubic feet (cf) of natural gas
equals one thousand for HVAC (not Mega)
One Million for HVAC Applications.
One Million BTU's
Btu/CF cf; one Ccf = 102,300 Btu or 1.023 therms
Cubic Feet of Natural Gas
or 1.023 therms
or 10.23 therms
Watts
Kilo
1000 Watts
Kilowatt-Hours
normally the hours is added to BTU
1000 times the amount of a Watt
x 1.34 HP
x 0.745 KW
Pounds Per Hour of Steam
= btuh (BTU per hour
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Kgal
$/Kgal
1 CF water
1 HP
1 HP
1 HP
Ohio Special
1 Ton AC

Kilogal
$/CCF
= 7.48 gallons
1 Horsepower (boiler)
1 Horsepower (boiler)
1 Horsepower (boiler)
Boiler Rating
1 ton of cooling

1000 Gallons of Water
= 748/100 (multiply $/kgal by 0.748 to get $/CCF)
1 CCF = .748 kgal
= 33479 btuh
= 12 SF of heating surface
= 34.5 PPH steam
> 360 SF of Heating Surface or
12,000 btuh

Equations
Airside System
𝐻𝑆 = 1.08𝑥𝐶𝐹𝑀𝑥∆𝑇
𝐻𝑆 = 1.1𝑥𝐶𝐹𝑀𝑥∆𝑇
𝐻𝐿 = 0.68𝑥𝐶𝐹𝑀𝑥∆𝑊𝐺𝑅.
𝐻𝐿 = 4840𝑥𝐶𝐹𝑀𝑥∆𝑊𝐿𝐵.
𝐻𝑇 = 4.5𝑥𝐶𝐹𝑀𝑥∆ℎ
𝐻𝑇 = 𝐻𝑆 + 𝐻𝐿
𝐻𝑆
𝐻𝑆
𝑆𝐻𝑅 =
=
𝐻𝑇 𝐻𝑆 + 𝐻𝐿
𝐵𝑇𝑈 𝑚𝑖𝑛.
𝐻𝑆 = 1.08
𝑥𝐶𝐹𝑀𝑥∆𝑇
ℎ𝑟 𝑓𝑡 3 °𝐹
𝐵𝑇𝑈 𝑚𝑖𝑛. 𝐿𝑏 𝐷𝐴
𝐻𝐿 = 0.68
𝑥𝐶𝐹𝑀𝑥∆𝑊
ℎ𝑟 𝑓𝑡 3 𝐺𝑟 𝐻2 𝑂
𝐿𝑏 𝑚𝑖𝑛.
𝐻𝑇 = 4.5
𝑥𝐶𝐹𝑀𝑥∆ℎ
ℎ𝑟 𝑓𝑡 3
𝐻𝑇 = 𝐻𝑆 + 𝐻𝐿
𝐵𝑇𝑈
𝐻𝑆 = 𝑆𝑒𝑛𝑠𝑖𝑏𝑙𝑒 𝐻𝑒𝑎𝑡 (
)
ℎ𝑟
𝐵𝑇𝑈
𝐻𝐿 = 𝐿𝑎𝑡𝑒𝑛𝑡 𝐻𝑒𝑎𝑡 (
)
ℎ𝑟
𝐵𝑇𝑈
𝐻𝑇 = 𝑇𝑜𝑡𝑎𝑙 𝐻𝑒𝑎𝑡 (
)
ℎ𝑟
∆𝑇 = 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (°𝐹)

𝐺𝑅. 𝐻2 𝑂
∆𝑊𝐺𝑅. = 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 𝑅𝑎𝑡𝑖𝑜 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (
)
𝐿𝑏𝑠. 𝐷𝐴
𝐿𝑏𝑠. 𝐻2 𝑂
∆𝑊𝐿𝐵. = 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 𝑅𝑎𝑡𝑖𝑜 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (
)
𝐿𝑏𝑠. 𝐷𝐴
𝐵𝑇𝑈
∆ℎ = 𝐸𝑛𝑡ℎ𝑎𝑙𝑝𝑦 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (
)
𝐿𝑏𝑠. 𝐷𝐴
(𝐶𝑢𝑏𝑖𝑐
𝐶𝐹𝑀 = 𝐴𝑖𝑟 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒
𝐹𝑒𝑒𝑡 𝑝𝑒𝑟 𝑀𝑖𝑛𝑢𝑡𝑒)
𝑆𝐻𝑅 = 𝑆𝑒𝑛𝑠𝑖𝑏𝑙𝑒 𝐻𝑒𝑎𝑡 𝑅𝑎𝑡𝑖𝑜
𝐿𝑏𝑠. 𝐷𝐴
𝑚 = 𝑀𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 (
)
ℎ𝑟
𝐵𝑇𝑈
𝑐𝑎 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐻𝑒𝑎𝑡 𝑜𝑓 𝐴𝑖𝑟 (0.24
)
𝐿𝑏𝑠. 𝐷𝐴 °𝐹
𝐷𝐴 = 𝐷𝑟𝑦 𝐴𝑖𝑟
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Waterside System
𝐻 = 500𝑥𝐺𝑃𝑀𝑥∆𝑇
𝑇𝑂𝑁𝑆𝑥24
𝐺𝑃𝑀𝐸𝑉𝐴𝑃 =
∆𝑇
𝑇𝑂𝑁𝑆𝑥30
𝐺𝑃𝑀𝐶𝑂𝑁𝐷 =
∆𝑇
𝐵𝑇𝑈
𝐻 = 𝑇𝑜𝑡𝑎𝑙 𝐻𝑒𝑎𝑡 (
)
ℎ𝑟
𝐵𝑇𝑈 𝑚𝑖𝑛.
𝐻 = 500
𝑥𝐺𝑃𝑀𝑥∆𝑇
ℎ𝑟 𝑔𝑎𝑙 °𝐹
𝐵𝑇𝑈
𝐻 = 𝑇𝑜𝑡𝑎𝑙 𝐻𝑒𝑎𝑡 (
)
ℎ𝑟
∆𝑇 = 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (°𝐹)
𝐺𝑃𝑀 = 𝑊𝑎𝑡𝑒𝑟 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 (𝐺𝑎𝑙𝑙𝑜𝑛𝑠 𝑝𝑒𝑟 𝑀𝑖𝑛𝑢𝑡𝑒)
𝐺𝑃𝑀 = 𝑊𝑎𝑡𝑒𝑟 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 (𝐺𝑎𝑙𝑙𝑜𝑛𝑠 𝑝𝑒𝑟 𝑀𝑖𝑛𝑢𝑡𝑒)
∆𝑇 = 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (°𝐹)
𝑇𝑂𝑁𝑆 = 𝐴𝑖𝑟 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑖𝑛𝑔 𝐿𝑜𝑎𝑑 (𝑇𝑜𝑛𝑠)
𝐺𝑃𝑀𝐸𝑉𝐴𝑃 = 𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑜𝑟 𝑊𝑎𝑡𝑒𝑟 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 (𝐺𝑎𝑙𝑙𝑜𝑛𝑠 𝑝𝑒𝑟 𝑀𝑖𝑛𝑢𝑡𝑒)
𝐺𝑃𝑀𝐶𝑂𝑁𝐷 = 𝐶𝑜𝑛𝑑𝑒𝑛𝑠𝑒𝑟 𝑊𝑎𝑡𝑒𝑟 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 (𝐺𝑎𝑙𝑙𝑜𝑛𝑠 𝑝𝑒𝑟 𝑀𝑖𝑛𝑢𝑡𝑒)
𝐵𝑇𝑈
𝑐𝑤 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 ℎ𝑒𝑎𝑡 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 (1.0
)
𝐿𝑏𝑠 ∙ 𝐻2 0

Air Change Rate
𝐴𝐶
𝐶𝐹𝑀𝑥60
=
𝐻𝑅 𝑉𝑂𝐿𝑈𝑀𝐸
𝐴𝐶
𝑥𝑉𝑂𝐿𝑈𝑀𝐸
𝐻𝑅
𝐶𝐹𝑀 =
60
𝐴𝐶
= 𝐴𝑖𝑟 𝐶ℎ𝑎𝑛𝑔𝑒 𝑅𝑎𝑡𝑒 𝑝𝑒𝑟 𝐻𝑜𝑢𝑟
𝐻𝑅
𝐶𝐹𝑀 = 𝐴𝑖𝑟 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 (𝐶𝑢𝑏𝑖𝑐 𝐹𝑒𝑒𝑡 𝑝𝑒𝑟 𝑀𝑖𝑛𝑢𝑡𝑒)
𝑉𝑂𝐿𝑈𝑀𝐸 = 𝑆𝑝𝑎𝑐𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 (𝐶𝑢𝑏𝑖𝑐 𝐹𝑒𝑒𝑡)

Fan Laws
𝐶𝐹𝑀2 𝑅𝑃𝑀2
=
𝐶𝐹𝑀1 𝑅𝑃𝑀1
𝑆𝑃2
𝐶𝐹𝑀2 2
𝑅𝑃𝑀2 2
=[
] =[
]
𝑆𝑃1
𝐶𝐹𝑀1
𝑅𝑃𝑀1
𝐵𝐻𝑃2
𝐶𝐹𝑀2 3
𝑅𝑃𝑀2 3
𝑆𝑃2 1.5
=[
] =[
] =[
]
𝐵𝐻𝑃1
𝐶𝐹𝑀1
𝑅𝑃𝑀1
𝑆𝑃1
𝐶𝐹𝑀𝑥𝑆𝑃𝑥𝑆𝑃. 𝐺𝑅.
𝐵𝐻𝑃 =
6356𝑥𝐹𝐴𝑁𝐸𝐹𝐹
𝐵𝐻𝑃
𝑀𝐻𝑃 =
𝑀/𝐷𝐸𝐹𝐹
𝐶𝐹𝑀 = 𝐶𝑢𝑏𝑖𝑐 𝐹𝑒𝑒𝑡/𝑀𝑖𝑛𝑢𝑡𝑒
𝑅𝑃𝑀 = 𝑅𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑠/𝑀𝑖𝑛𝑢𝑡𝑒
𝑆𝑃 = 𝑖𝑛. 𝑊. 𝐺.
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𝐵𝐻𝑃 = 𝐵𝑟𝑒𝑎𝑘 𝐻𝑜𝑟𝑠𝑒𝑝𝑜𝑤𝑒𝑟
𝐹𝑎𝑛 𝑆𝑖𝑧𝑒 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡
𝐴𝑖𝑟 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡
𝑆𝑃. 𝐺𝑅. (𝐴𝑖𝑟) = 1.0
𝐹𝐴𝑁𝐸𝐹𝐹 = 65 − 85%
𝑀/𝐷𝐸𝐹𝐹 = 80 − 95%
𝑀/𝐷 = 𝑀𝑜𝑡𝑜𝑟/𝐷𝑟𝑖𝑣𝑒

Pump Laws
𝐺𝑃𝑀2 𝑅𝑃𝑀2
=
𝐺𝑃𝑀1 𝑅𝑃𝑀1
𝐻𝐷2
𝐺𝑃𝑀2 2
𝑅𝑃𝑀2 2
=[
] =[
]
𝐻𝐷1
𝐺𝑃𝑀1
𝑅𝑃𝑀1
𝐵𝐻𝑃2
𝐺𝑃𝑀2 3
𝑅𝑃𝑀2 3
𝐻𝐷2 1.5
=[
] =[
] =[
]
𝐵𝐻𝑃1
𝐺𝑃𝑀1
𝑅𝑃𝑀1
𝐻𝐷1
𝐺𝑃𝑀𝑥𝐻𝐷𝑥𝑆𝑃. 𝐺𝑅.
𝐵𝐻𝑃 =
3960𝑥𝑃𝑈𝑀𝑃𝐸𝐹𝐹
𝐵𝐻𝑃
𝑀𝐻𝑃 =
𝑀/𝐷𝐸𝐹𝐹
𝑉2
𝑉𝐻 =
2𝑔
𝑃𝑥2.31
𝐻𝐷 =
𝑆𝑃. 𝐺𝑅.
𝐺𝑃𝑀 = 𝐺𝑎𝑙𝑙𝑜𝑛𝑠/𝑀𝑖𝑛𝑢𝑡𝑒
𝑅𝑃𝑀 = 𝑅𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑠/𝑀𝑖𝑛𝑢𝑡𝑒
𝐻𝐷 = 𝑓𝑡. 𝐻2 𝑂
𝐵𝐻𝑃 = 𝐵𝑟𝑒𝑎𝑘 𝐻𝑜𝑟𝑠𝑒𝑝𝑜𝑤𝑒𝑟
𝑃𝑢𝑚𝑝 𝑆𝑖𝑧𝑒 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡
𝑊𝑎𝑡𝑒𝑟 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡
𝑆𝑃. 𝐺𝑅. = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 𝑜𝑓 𝐿𝑖𝑞𝑢𝑖𝑑 𝑤𝑖𝑡ℎ 𝑟𝑒𝑠𝑝𝑒𝑐𝑡 𝑡𝑜 𝑊𝑎𝑡𝑒𝑟
𝑆𝑃. 𝐺𝑅. (𝑊𝑎𝑡𝑒𝑟) = 1.0
𝑃𝑈𝑀𝑃𝐸𝐹𝐹 = 60 − 80%
𝑀/𝐷𝐸𝐹𝐹 = 85 − 95%
𝑀/𝐷 = 𝑀𝑜𝑡𝑜𝑟/𝐷𝑟𝑖𝑣𝑒
𝑃 = 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑖𝑛 𝑝𝑠𝑖
𝑉𝐻 = 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝐻𝑒𝑎𝑑 𝑖𝑛 𝑓𝑡.
𝑉 = 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑖𝑛 𝑓𝑡./𝑠𝑒𝑐
𝑔 = 𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑢𝑒 𝑡𝑜 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 (32.16 𝑓𝑡./𝑠𝑒𝑐 2 )

Steam and Condensate
𝐿𝐵𝑆. 𝑆𝑇𝑀. 𝐵𝑇𝑈/ℎ𝑟 𝐵𝑇𝑈/ℎ𝑟
=
=
ℎ𝑟
𝐻𝐹𝐺
960
𝐿𝐵𝑆. 𝑆𝑇𝑀. 𝐶𝑂𝑁𝐷. 𝐸𝐷𝑅
=
ℎ𝑟
4
𝐵𝑇𝑈/ℎ𝑟
𝐸𝐷𝑅 =
240
𝐿𝐵𝑆. 𝑆𝑇𝑀. 𝐶𝑂𝑁𝐷. 𝐺𝑃𝑀𝑥500𝑥𝑆𝑃. 𝐺𝑅. 𝑥𝐶𝑤 𝑥∆𝑇
=
ℎ𝑟
𝐻𝐹𝐺
𝐿𝐵𝑆. 𝑆𝑇𝑀. 𝐶𝑂𝑁𝐷. 𝐶𝐹𝑀𝑥60𝑥𝐷𝑥𝐶𝑎 𝑥∆𝑇
=
ℎ𝑟
𝐻𝐹𝐺
𝐿𝐵𝑆. 𝑆𝑇𝑀. 𝐶𝑂𝑁𝐷. 𝐺𝑃𝑀(𝑊𝐴𝑇𝐸𝑅)𝑥∆𝑇
=
ℎ𝑟
2
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𝐿𝐵𝑆. 𝑆𝑇𝑀. 𝐶𝑂𝑁𝐷. 𝐺𝑃𝑀(𝐹𝑈𝐸𝐿 𝑂𝐼𝐿)𝑥∆𝑇
=
ℎ𝑟
4
𝐿𝐵𝑆. 𝑆𝑇𝑀. 𝐶𝑂𝑁𝐷. 𝐶𝐹𝑀(𝐴𝐼𝑅)𝑥∆𝑇
=
ℎ𝑟
900
𝑆𝑇𝑀. = 𝑆𝑡𝑒𝑎𝑚
𝐺𝑃𝑀 = 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝐿𝑖𝑞𝑢𝑖𝑑 𝑖𝑛 𝐺𝑎𝑙𝑙𝑜𝑛𝑠 𝑝𝑒𝑟 𝑀𝑖𝑛𝑢𝑡𝑒
𝐶𝐹𝑀 = 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝐺𝑎𝑠 𝑜𝑟 𝐴𝑖𝑟 𝑖𝑛 𝐶𝑢𝑏𝑖𝑐 𝐹𝑒𝑒𝑡 𝑝𝑒𝑟 𝑀𝑖𝑛𝑢𝑡𝑒
𝑆𝑃. 𝐺𝑅. = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦
𝐷 = 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑖𝑛 𝐿𝑏𝑠./𝑐𝑢𝑏𝑖𝑐 𝑓𝑒𝑒𝑡
𝐶𝑎 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐻𝑒𝑎𝑡 𝑜𝑓 𝐴𝑖𝑟 (0.24 𝐵𝑇𝑈/𝐿𝑏)
𝐶𝑤 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐻𝑒𝑎𝑡 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 (1.00 𝐵𝑇𝑈/𝐿𝑏)
𝐻𝐹𝐺 = 𝐿𝑎𝑡𝑒𝑛𝑡 𝐻𝑒𝑎𝑡 𝑜𝑓 𝑆𝑡𝑒𝑎𝑚 𝑖𝑛 𝐵𝑇𝑈/𝐿𝑏𝑠. 𝑎𝑡 𝑆𝑡𝑒𝑎𝑚 𝐷𝑒𝑠𝑖𝑔𝑛 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 (𝐴𝑆𝐻𝑅𝐴𝐸 𝐹𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙𝑠)
∆𝑇 = 𝐹𝑖𝑛𝑎𝑙 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑚𝑖𝑛𝑢𝑠 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒
𝐸𝐷𝑅 = 𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝐷𝑖𝑟𝑒𝑐𝑡 𝑅𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛

Mixed Air Temperature
𝐶𝐹𝑀𝑅𝐴
𝐶𝐹𝑀𝑂𝐴
) + (𝑇𝑂𝐴 𝑥
)
𝐶𝐹𝑀𝑆𝐴
𝐶𝐹𝑀𝑆𝐴
𝐶𝐹𝑀𝑅𝐴
𝐶𝐹𝑀𝑂𝐴
= (𝑇𝑅𝐴 𝑥
) + (𝑇𝑂𝐴 𝑥
)
𝐶𝐹𝑀𝑆𝐴
𝐶𝐹𝑀𝑆𝐴

𝑇𝑀𝐴 = (𝑇𝑅𝑂𝑂𝑀 𝑥
𝑇𝑀𝐴

𝐶𝐹𝑀𝑆𝐴 = 𝑆𝑢𝑝𝑝𝑙𝑦 𝐴𝑖𝑟 𝐶𝐹𝑀
𝐶𝐹𝑀𝑅𝐴 = 𝑅𝑒𝑡𝑢𝑟𝑛 𝐴𝑖𝑟 𝐶𝐹𝑀
𝐶𝐹𝑀𝑂𝐴 = 𝑂𝑢𝑡𝑠𝑖𝑑𝑒 𝐴𝑖𝑟 𝐶𝐹𝑀
𝑇𝑀𝐴 = 𝑀𝑖𝑥𝑒𝑑 𝐴𝑖𝑟 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 (°𝐹)
𝑇𝑅𝑂𝑂𝑀 = 𝑅𝑜𝑜𝑚 𝐷𝑒𝑠𝑖𝑔𝑛 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 (°𝐹)
𝑇𝑅𝐴 = 𝑅𝑒𝑡𝑢𝑟𝑛 𝐴𝑖𝑟 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 (°𝐹)
𝑇𝑂𝐴 = 𝑂𝑢𝑡𝑠𝑖𝑑𝑒 𝐴𝑖𝑟 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 (°𝐹)

Psychrometrics
𝑊 = 0.622𝑥

𝑃𝑊
𝑃 − 𝑃𝑊

𝑊𝐴𝐶𝑇𝑈𝐴𝐿
𝑥100%
𝑊𝑆𝐴𝑇
𝑃𝑊
𝑅𝐻 =
𝑥100%
𝑃𝑆𝐴𝑇
𝐻𝑆 = 𝑚 𝑥 𝐶𝑝 𝑥 ∆𝑇
𝐻𝐿 = 𝐿𝑣 𝑥 𝑚 𝑥 ∆𝑊
𝐻𝑇 = 𝑚 𝑥 ∆ℎ
(2501 − 2.381𝑇𝑊𝐵 )(𝑊𝑆𝐴𝑇 𝑊𝐵 ) − (𝑇𝐷𝐵 − 𝑇𝑊𝐵 )
𝑊=
2501 + 1.805𝑇𝐷𝐵 − 4.186𝑇𝑊𝐵
(1093 − 0.556𝑇𝑊𝐵 )(𝑊𝑆𝐴𝑇 𝑊𝐵 ) − (0.240)(𝑇𝐷𝐵 − 𝑇𝑊𝐵 )
𝑊=
1093 + 0.444𝑇𝐷𝐵 − 𝑇𝑊𝐵
𝑅𝐻 ≅

𝑊 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦, 𝐿𝑏𝑠. 𝐻2 𝑂/𝐿𝑏𝑠. 𝐷𝐴 𝑜𝑟 𝐺𝑅. 𝐻2 𝑂/𝐿𝑏𝑠. 𝐷𝐴
𝑊𝐴𝐶𝑇𝑈𝐴𝐿 = 𝐴𝑐𝑡𝑢𝑎𝑙 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦, 𝐿𝑏𝑠. 𝐻2 𝑂/𝐿𝑏𝑠. 𝐷𝐴 𝑜𝑟 𝐺𝑅. 𝐻2 𝑂/𝐿𝑏𝑠. 𝐷𝐴
𝑊𝑆𝐴𝑇 = 𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 𝑎𝑡 𝑡ℎ𝑒 𝐷𝑟𝑦 𝐵𝑢𝑙𝑏 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒
𝑊𝑆𝐴𝑇 𝑊𝐵 = 𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 𝑎𝑡 𝑡ℎ𝑒 𝑊𝑒𝑏 𝐵𝑢𝑙𝑏 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒
𝑃𝑊 = 𝑃𝑎𝑟𝑡𝑖𝑎𝑙 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 𝑉𝑎𝑝𝑜𝑟, 𝐿𝑏./𝑠𝑞. 𝑓𝑡.
𝑃 = 𝑇𝑜𝑡𝑎𝑙 𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑜𝑓 𝐴𝑖𝑟/𝑊𝑎𝑡𝑒𝑟 𝑉𝑎𝑝𝑜𝑟 𝑀𝑖𝑥𝑡𝑢𝑟𝑒, 𝐿𝑏./𝑠𝑞. 𝑓𝑡.
𝑃𝑆𝐴𝑇 = 𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑃𝑎𝑟𝑡𝑖𝑎𝑙 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 𝑉𝑎𝑝𝑜𝑟 𝑎𝑡 𝑡ℎ𝑒 𝐷𝑟𝑦 𝐵𝑢𝑙𝑏 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒, 𝐿𝑏./𝑠𝑞. 𝑓𝑡.
𝑅𝐻 = 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦, %
𝐻𝑆 = 𝑆𝑒𝑛𝑠𝑖𝑏𝑙𝑒 𝐻𝑒𝑎𝑡, 𝐵𝑇𝑈/ℎ𝑟
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𝐻𝐿 = 𝐿𝑎𝑡𝑒𝑛𝑡 𝐻𝑒𝑎𝑡, 𝐵𝑇𝑈/ℎ𝑟
𝐻𝑇 = 𝑇𝑜𝑡𝑎𝑙 𝐻𝑒𝑎𝑡, 𝐵𝑇𝑈/ℎ𝑟
𝑚 = 𝑀𝑎𝑠𝑠 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒, 𝐿𝑏𝑠. 𝐷𝐴/ℎ𝑟 𝑜𝑟 𝐿𝑏𝑠. 𝐻2 𝑂/ℎ𝑟
𝑐𝑝 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐻𝑒𝑎𝑡, 𝐴𝑖𝑟 − 0.24 𝐵𝑇𝑈/𝐿𝑏𝑠. 𝐷𝐴, 𝑊𝑎𝑡𝑒𝑟 − 1.0 𝐵𝑇𝑈/𝐿𝑏𝑠. 𝐻2 𝑂
𝑇𝐷𝐵 = 𝐷𝑟𝑦 𝐵𝑢𝑙𝑏 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒, °𝐹
𝑇𝑊𝐵 = 𝑊𝑒𝑡 𝐵𝑢𝑙𝑏 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒, °𝐹
∆𝑇 = 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒, °𝐹
∆𝑊 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒, 𝐿𝑏𝑠. 𝐻2 𝑂/𝐿𝑏𝑠. 𝐷𝐴 𝑜𝑟 𝐺𝑅. 𝐻2 𝑂/𝐿𝑏𝑠. 𝐷𝐴
∆ℎ = 𝐸𝑛𝑡ℎ𝑎𝑙𝑝𝑦 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒, 𝐵𝑇𝑈/𝐿𝑏𝑠. 𝐷𝐴
𝐿𝑣 = 𝐿𝑎𝑡𝑒𝑛𝑡 𝐻𝑒𝑎𝑡 𝑜𝑓 𝑉𝑎𝑝𝑜𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛, 𝐵𝑇𝑈/𝐿𝑏𝑠. 𝐻2 𝑂

Ductwork
𝑇𝑃 = 𝑆𝑃 + 𝑉𝑃
(𝑉)2
𝑉 2
𝑉𝑃 = [
] =
(4005)2
4005
𝑄 𝑄𝑥144
𝑉= =
𝐴
𝑊𝑥𝐻
1.3𝑥(𝐴𝑥𝐵).625
𝐷𝐸𝑄 =
(𝐴 + 𝐵).25
𝑇𝑃 = 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒
𝑆𝑃 = 𝑆𝑡𝑎𝑡𝑖𝑐 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒, 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠𝑒𝑠
𝑉𝑃 = 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒, 𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝐿𝑜𝑠𝑠𝑒𝑠
𝑉 = 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦, 𝑓𝑡./𝑚𝑖𝑛
𝑄 = 𝐹𝑙𝑜𝑤 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝐷𝑢𝑐𝑡, 𝐶𝐹𝑀
𝐴 = 𝐴𝑟𝑒𝑎 𝑜𝑓 𝐷𝑢𝑐𝑡, 𝑠𝑞. 𝑓𝑡.
𝑊 = 𝑊𝑖𝑑𝑡ℎ 𝑜𝑓 𝐷𝑢𝑐𝑡, 𝑖𝑛.
𝐻 = 𝐻𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐷𝑢𝑐𝑡, 𝑖𝑛.
𝐷𝐸𝑄 = 𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑅𝑜𝑢𝑛𝑑 𝐷𝑢𝑐𝑡 𝑆𝑖𝑧𝑒 𝑓𝑜𝑟 𝑅𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝐷𝑢𝑐𝑡, 𝑖𝑛.
𝐴 = 𝑂𝑛𝑒 𝐷𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 𝑜𝑓 𝑅𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝐷𝑢𝑐𝑡, 𝑖𝑛.
𝐵 = 𝐴𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑆𝑖𝑑𝑒 𝑜𝑓 𝑅𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝐷𝑢𝑐𝑡, 𝑖𝑛.

Air Conditioning Condensate
𝐶𝐹𝑀𝑥∆𝑊𝐿𝐵
𝑆𝑝𝑉𝑥8.33
𝐶𝐹𝑀𝑥∆𝑊𝐺𝑅
=
𝑆𝑝𝑉𝑥8.33𝑥7000

𝐺𝑃𝑀𝐴𝐶 𝐶𝑂𝑁𝐷 =
𝐺𝑃𝑀𝐴𝐶 𝐶𝑂𝑁𝐷

𝐺𝑃𝑀𝐴𝐶 𝐶𝑂𝑁𝐷 = 𝐴𝑖𝑟 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑖𝑛𝑔 𝐶𝑜𝑛𝑑𝑒𝑛𝑠𝑎𝑡𝑒 𝐹𝑙𝑜𝑤 (𝑔𝑎𝑙./𝑚𝑖𝑛)
𝐶𝐹𝑀 = 𝐴𝑖𝑟 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 (𝑐𝑢. 𝑓𝑡./𝑚𝑖𝑛)
𝑆𝑝𝑉 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐴𝑖𝑟 (𝑐𝑢. 𝑓𝑡./𝐿𝑏𝑠. 𝐷𝐴)
∆𝑊𝐿𝐵 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 (𝐿𝑏𝑠. 𝐻2 𝑂/𝐿𝑏𝑠. 𝐷𝐴)
∆𝑊𝐺𝑅 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 (𝐺𝑅. 𝐻2 𝑂/𝐿𝑏𝑠. 𝐷𝐴)

Efficiencies
𝐵𝑇𝑈 𝑂𝑈𝑇𝑃𝑈𝑇
𝐸𝐸𝑅
=
𝐵𝑇𝑈 𝐼𝑁𝑃𝑈𝑇
3.413
𝐵𝑇𝑈 𝑂𝑈𝑇𝑃𝑈𝑇
𝐸𝐸𝑅 =
𝑊𝐴𝑇𝑇𝑆 𝐼𝑁𝑃𝑈𝑇
𝐾𝑊
12,000𝐵𝑇𝑈/ℎ𝑟 𝑇𝑂𝑁
=
𝑇𝑂𝑁 𝐶𝑂𝑃𝑥3,517𝐵𝑇𝑈/ℎ𝑟 𝐾𝑊
𝑇𝑢𝑟𝑛𝑑𝑜𝑤𝑛 𝑅𝑎𝑡𝑖𝑜 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐹𝑖𝑟𝑖𝑛𝑔 𝑅𝑎𝑡𝑒: 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝐹𝑖𝑟𝑖𝑛𝑔 𝑅𝑎𝑡𝑒 (𝑒. 𝑞. , 5: 1, 10: 1, 25: 1)
𝐺𝑅𝑂𝑆𝑆 𝐵𝑇𝑈 𝑂𝑈𝑇𝑃𝑈𝑇
𝑂𝑉𝐸𝑅𝐴𝐿𝐿 𝑇𝐻𝐸𝑅𝑀𝐴𝐿 𝐸𝐹𝐹. =
𝑥100%
𝐺𝑅𝑂𝑆𝑆 𝐵𝑇𝑈 𝐼𝑁𝑃𝑈𝑇
𝐶𝑂𝑃 =
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𝐶𝑂𝑀𝐵𝑈𝑆𝑇𝐼𝑂𝑁 𝐸𝐹𝐹. =

𝐵𝑇𝑈 𝐼𝑁𝑃𝑈𝑇 − 𝐵𝑇𝑈 𝑆𝑇𝐴𝐶𝐾 𝐿𝑂𝑆𝑆
𝑥100%
𝐵𝑇𝑈 𝐼𝑁𝑃𝑈𝑇

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑅𝑎𝑛𝑔𝑒 75 − 90%
𝐶𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑅𝑎𝑛𝑔𝑒 85 − 95%

Electricity
𝐾𝑉𝐴 = 𝐾𝑊 + 𝐾𝑉𝐴𝑅
𝑉𝑥𝐴𝑥𝑃𝐹
𝐾𝑊1𝜑 =
1000
𝑉𝑥𝐴
𝐾𝑉𝐴1𝜑 =
1000
𝑉𝑥𝐴𝑥𝑃𝐹𝑥𝐷𝐸𝑉𝐼𝐶𝐸𝐸𝐹𝐹
𝐵𝐻𝑃1𝜑 =
746
𝐵𝐻𝑃1𝜑
𝑀𝐻𝑃1𝜑 =
𝑀/𝐷𝐸𝐹𝐹
√3𝑥𝑉𝑥𝐴𝑥𝑃𝐹
𝐾𝑊3𝜑 =
1000
√3𝑥𝑉𝑥𝐴
𝐾𝑉𝐴3𝜑 =
1000
√3𝑥𝑉𝑥𝐴𝑥𝑃𝐹𝑥𝐷𝐸𝑉𝐼𝐶𝐸𝐸𝐹𝐹
𝐵𝐻𝑃3𝜑 =
746
𝐵𝐻𝑃3𝜑
𝑀𝐻𝑃3𝜑 =
𝑀/𝐷𝐸𝐹𝐹
𝐾𝑉𝐴 = 𝑇𝑜𝑡𝑎𝑙 𝑃𝑜𝑤𝑒𝑟 (𝐾𝑖𝑙𝑜𝑣𝑜𝑙𝑡 𝐴𝑚𝑝𝑠)
𝐾𝑊 = 𝑅𝑒𝑎𝑙 𝑃𝑜𝑤𝑒𝑟, 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 (𝐾𝑖𝑙𝑜𝑤𝑎𝑡𝑡𝑠)
𝐾𝑉𝐴𝑅 = 𝑅𝑒𝑎𝑐𝑡𝑖𝑣𝑒 𝑃𝑜𝑤𝑒𝑟 𝑜𝑟 "𝐼𝑚𝑎𝑔𝑖𝑛𝑎𝑟𝑦" 𝑃𝑜𝑤𝑒𝑟 (𝐾𝑖𝑙𝑜𝑣𝑜𝑙𝑡 𝐴𝑚𝑝𝑠 𝑅𝑒𝑎𝑐𝑡𝑖𝑣𝑒)
𝑉 = 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 (𝑉𝑜𝑙𝑡𝑠)
𝐴 = 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 (𝐴𝑚𝑝𝑠)
𝑃𝐹 = 𝑃𝑜𝑤𝑒𝑟 𝐹𝑎𝑐𝑡𝑜𝑟 (0.75 − 0.95)
𝐵𝐻𝑃 = 𝐵𝑟𝑒𝑎𝑘 𝐻𝑜𝑟𝑠𝑒𝑝𝑜𝑤𝑒𝑟
𝑀𝐻𝑃 = 𝑀𝑜𝑡𝑜𝑟 𝐻𝑜𝑟𝑠𝑒𝑝𝑜𝑤𝑒𝑟
𝐸𝐹𝐹 = 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦
𝑀/𝐷 = 𝑀𝑜𝑡𝑜𝑟 𝐷𝑟𝑖𝑣𝑒

Solar Radiation
𝑞 = ∑(𝐴𝑥𝑆𝐶𝑥𝑀𝑆𝐻𝐺𝑥𝐶𝐿𝐹)
𝑞 = 𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝐿𝑜𝑎𝑑 (

𝐵𝑇𝑈
)
ℎ𝑟

𝐴 = 𝑊𝑖𝑛𝑑𝑜𝑤 𝐴𝑟𝑒𝑎 (𝑆𝑞𝑢𝑎𝑟𝑒 𝑓𝑒𝑒𝑡)
𝑆𝐶 = 𝑆ℎ𝑎𝑑𝑖𝑛𝑔 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝑀𝑆𝐻𝐺 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑆𝑜𝑙𝑎𝑟 𝐻𝑒𝑎𝑡 𝐺𝑎𝑖𝑛 (𝐵𝑡𝑢/ℎ𝑟/𝑓𝑡 2 )
𝐶𝐿𝐹 = 𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝐿𝑜𝑎𝑑 𝐹𝑎𝑐𝑡𝑜𝑟

Motor Load Factor
𝐻𝑃(0.746𝐾𝑊)(𝐿𝐹)
𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝐻𝑃
𝐿𝐹 = 𝐿𝑜𝑎𝑑 𝐹𝑎𝑐𝑡𝑜𝑟
𝐾𝑊 =
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Simple Payback Period
𝑆𝑃𝑃 =

𝑖𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡
𝑎𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠

Greenhouse Gas Emissions
1 𝐾𝑊ℎ𝑟 𝑢𝑠𝑎𝑔𝑒 1 𝑚𝑒𝑡𝑟𝑖𝑐 𝑡𝑜𝑛
𝑥
𝑦𝑒𝑎𝑟
2205 𝐿𝑏
1.03 𝑀𝑀𝐵𝑇𝑈 1 𝑀𝐶𝐹 𝑢𝑠𝑎𝑔𝑒 1 𝑚𝑒𝑡𝑟𝑖𝑐 𝑡𝑜𝑛
= 𝐸𝐹𝑁𝐺 𝑥
𝑥
𝑥
1 𝑀𝐶𝐹
𝑦𝑒𝑎𝑟
2205 𝐿𝑏

𝐺𝐻𝐺𝐸 = 𝐸𝐹𝐸 𝑥
𝐺𝐻𝐺𝑁𝐺

𝐺𝐻𝐺𝐸 = 𝐺𝑟𝑒𝑒𝑛ℎ𝑜𝑢𝑠𝑒 𝑔𝑎𝑠 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑑𝑢𝑒 𝑡𝑜 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐
𝐺𝐻𝐺𝑁𝐺 = 𝐺𝑟𝑒𝑒𝑛ℎ𝑜𝑢𝑠𝑒 𝑔𝑎𝑠 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑑𝑢𝑒 𝑡𝑜 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑔𝑎𝑠
𝐿𝑏.𝐶𝑂2 𝑒
th
𝐸𝐹𝐸 = 1.51152
= 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐, per EPA eGRID 9
edition, 2010, for
𝐾𝑊ℎ𝑟
subregionRFCW
𝐿𝑏.𝐶𝑂2 𝑒
𝐸𝐹𝑁𝐺 = 116.98
= 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑔𝑎𝑠, per EPA Climate Leaders GHG Inventory
𝑀𝑀𝐵𝑇𝑈
protocol

Life Cycle Cost for Equipment
LCC = Equipment Cost + Installation + Other Costs + NPVE x Energy + NPVS x Service
+ NPVW x Warranty
Equipment Cost
Other Costs

Energy
Service
Warranty
NPVE
NPVS
NPVW

Fist Cost of equipment through Bid or State Term or
Additional construction costs incurred due to the selected unit such as ventilation or
exhaust requirements, noise abatement, floor space required, piping and wiring
costs, control interface costs, foundation costs, etc.
Annual cost of energy usage
Annual cost of service/maintenance agreement
Annual cost of extended warranty
Net Present Value factor to bring future energy costs for the economic life of the
equipment back to the present using the agreed-upon discount rate, escalation rates
Net Present Value factor to bring future service costs for the economic life of the
equipment back to the present using the agreed-upon discount rate, escalation rates
Net Present Value factor to bring future extended warranty costs for the length of the
warranty back to the present using the agreed-upon discount rate

Standard Rates of Heat Gain from People
Seated at rest
Seated, writing
Seated, typing
Standing, light work
Light bench work
Normal walking
Heavy work, lifting

400 btuh
480 btuh
640 btuh
800 btuh
880 btuh
1040 btuh
1600 btuh
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