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Energy Conservation Measures/Cost Submission (2.6)

TEN 1is pleased to submit the following Energy Conservation Measures (ECMs) for DHS/DGS
consideration. This proposal was developed under the parameters identified in the RFQ inclusive of
bulletins 1-4 received by TEN. We have identified a self-funding project excluding ECM 6 -
Decentralization and ECM 13 — New Windows. Inclusion of those two ECMs will require Energy Related
Cost Savings (ERCS). Several project options are summarized for your consideration.

Investment Grade Audit

TEN will continue its RFQ audit and design efforts during the investment grade audit which will require a
focused effort by TEN and DHS to deliver a report within 60 days. We are capable and commit to meeting
this timeline. Our team also offers the experience of expediting an interim feasibility during the gap
between ESCO selection and IGA audit agreement approval. We suggest this approach to offer DHS
additional incite and input on their preferred solution to fuel switch and/or decentration at the onset of the
IGA. While we have a self-funding solution proposed, DHS may prefer to include additional operation and
Maintenance (O&M) savings or Energy Related Cost Savings (ERCS) to pursue a different solution. The
DHS’s appetite for ERCS is best determined early in the IGA process. Our team successfully demonstrated
this approach at SCI Houtzdale which laid the groundwork for an outstanding project. This work will be at
TEN’s risk, while DHS is processing the audit agreement. This interim step will be in coordination with all
relevant stakeholders to facilitate decision making on the most expedient solutions to optimize the Fuel
Switch and Decentralization ECMs within the GESA. We have also complemented this development and
design experience with additional engineering and construction resources to ensure unique focus for an
expedited project for Wernersville State Hospital. This includes key subcontractors that are local and
experienced within DHS/DGS and/or your facilities (Conexus, Heim Company & West Side Hammer
Electric). Each has a base of operation within 60 miles of your facility ensuring depth of resources close
by.

Anticipated milestones are:

e Kick-off Meeting upon Selection: January 2022

e Investment Grade Audit: February — March 2022

e Interim IGA Review Meeting(s): April — June 2022

e Final IGA Acceptance & Financing: July 2022

e GESA Contract Execution: August - September 2022

In essence, TEN’s IGA effort has already begun, aided by our understanding of similar facilities and our
internal staff time on site. We have organized the information already collected during the proposal phase
and limited site visits. While this has certainly given us the ability to deliver this quote within the tolerance
of accuracy required, it also provides us with an understanding of those areas, such as BAS, in which we
will need to focus to hone an optimal project for DHS. Our team will meet in advance to outline an agenda
and identify additional information needed before the audit kickoff meeting, so we can be well prepared
from the start of the IGA period to use both DHS/DGS and the TEN team’s time most efficiently.

TEN will perform the Investment Grade Audit with in-house engineers complemented by an equally
experienced design consultant (Entech Engineering) as well as local design-build contractors. The IGA
will include, but not be limited to, the following tasks:

e Analyze utility bills and establish utility baselines e Develop list of ECMs to review with Agency

e Physically audit and inspect mechanical and e Develop scopes of work
electrical systems to determine, sizing, loads, e Perform energy calculations, methodology,
efficiency, operating conditions and hours of assumptions
operation e Estimate incentives and rebates
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e Analyze energy consumption for major equipment e Estimate environmental costs or benefits (emissions
and systems reduction)
e Develop commissioning and M&V plans

Upon the IGA kickoff, we will continue with the activities identified above for the ECMs identified in this
quote as well as other opportunities discovered through this process and submit a scope of work for the
project to the Commonwealth in the form of an IGA report that will reduce DHS’s energy and operating
expenses. This will include additional on-site surveys of the facilities and further interviews with key
stakeholders to better understand the operating characteristics of the facility. The report will include an
executive summary which lists all proposed ECMs with the total implementation cost of each ECM, energy
savings, energy cost savings, and useful life of the equipment analyses.

The IGA report will present a thorough analysis of each facilities’ main energy consuming systems and
discuss the scope of proposed ECMs and solutions for DHS. This will summarize the findings and scope
developed during bi-weekly meetings of joint DHS, DGS, PSFEI, Agency Consultant and TEN teams. The
IGA report will also summarize existing conditions including calculation of baseline energy use and,
descriptions of physical conditions, equipment counts, nameplate data, and control strategies prior to project
implementation. This analysis will be based on generally accepted engineering practices and reconciled
with historic usage. This will include defining under what conditions the baseline may be adjusted for
legitimate changes in weather, occupancy, number of users, and equipment usage.

For each ECM proposed, the IGA will include: 1. Total implementation costs for each measure; 2.
Equipment counts; 3. Performance characteristics and efficiency levels of the equipment comprising the
proposed measure; 4. Installation and maintenance cost; 5. Useful life; and 6. Energy and cost savings.

Projected energy savings calculations will account for on- and off-peak savings, demand savings, and the
interaction between recommended measures. All maintenance and monitoring costs will be clearly
identified and modeled in the cashflow. The IGA report will also clearly list the contractors and
subcontractors who will work on the project.

Project Team

The project team has been thoroughly discussed in the Technical Submission and will include key
members from TEN:

David Robb — VP, Major Accounts

Jim Harven, PE, CEM, EBCP — Sr. Devel. Mgr.
Greg Lok, PE, CEM, CMVP — VP, Engineering
Rajas Hatwalne, CEM — Sr. Energy Engineer
Mike Fendya, PE, CEM — Sr. Energy Engineer
Wayne Chase, CMVP, Director, Post Construction

Dave Clark — VP, Construction

Bob Tobin — Sr Project Mgr.

Tony Albright —Project / Site Manager

Mike Schneider, CPM, CLEP, LC — Mgr. Design
Daric Holmes — Auditor / Project Designer

Key sub-contractors / Design Consultants

Energy Conservation Measures and Costs

The ECM summary on the following page confirms that TEN evaluated, prepared scopes of work, solicited
pricing and calculated savings for all the core ECMs identified in Appendix R of the RFQ as well as
identifying additional ECMs for DHS consideration. Some of these additional ECMs, such as
Cogeneration, and Solar Photovoltaic (PV) have the ability to provide modest additional positive cashflow
but aren’t currently recommended due to their large first cost. These two ECMs and others can be included
in the final project at the DHS discretion.
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Project Options / O&M Savings / ERCS

We have provided two (2) project options for your consideration. Both options ensure that ECM 4 — Fuel
switch can be accomplished in either an energy savings only approach as well as one with O&M savings.

e Self-Funded Project — Without O&M savings nor Energy Related Cost Savings (ERCS)
o Unfortunately, ECM 6 and ECM 13 have too long a payback for this option

e Recommended Project — Includes enhancements to the Lighting and Fuel Switch ECMs 1 & 4 (O&M
savings are included but ERCS is not required)

The self-funded project has excess cashflow sufficient to add $40,996 of additional projects but not enough
to offset the longer payback of ECMs 6 and 13. ECM summaries and cashflows follow.

Total Construction Cost (before consultant fee & DHS contingency):

Project Option Matrix
Self-Funding
Annual Project
Engergy No O&M Recommended
ECM # |Energy Conservation Measure Description Construction Cost Savings Savings ECMs

1 LED Ltg. Int. & Ext. - Type A S 405,675 | $ 59,280 v v
1.1 LED Ltg. Add - Type C S 291,921 | S 13,056 _ v

2 Lighting Controls included above S - v v

3 Weatherization S 88,667 | S 8,666 4 4

4 Boiler Fuel Switch - Addl. NG Stm Blrs. S 1,513,770 | $ 124,090 4 v
4.1 Add for All New NG Blrs + Plant Upgrades S 814,883 | S 17,105 v

5 Piping Insulation $ 41,742 | $ 3,319 v

6 Decentralized Heating System S 5,727,500 [ $ 160,035

7 Steam Meters S 334,304 | $ - v v

8 Steam Traps S 397,806 | S 31,897 4 v

9 Chiller Plant Modifications - RCx S 59,974 | $ 8,811 v v
10 AHU Modifications & BAS Upgrades S 835,761 | S 93,097 v v
11 Kitchen Hood Controls $ 55,012 [ $ 3,467 v v
12 Kitchen Systems - Refr. Controls S 28,394 | S 1,757 4 v
12.1 |Kitchen Systems - RTU Economizer S 11,345 | $ 741 v v
13 Replace Windows S 4,807,330 | S

4,553
$ 3,772,449 | $ 4,879,254

PLUS DHS Energy Consultant Fee: S 270,161 | S 349,424

Sub-Total (incl. Consultant Fee): $ 4,042,610 | $ 5,228,678

LESS Act 129 Rebates (Estimated): S 13,746 | $ 28,338

Sub-Total (after Rebates): $ 4,028,864 | $ 5,200,339

Plus Project Contingency Fund: S 75,449 | $ 97,585

Net Financed Amount: $ 4,104,313 | $ 5,297,925

1st Year Energy Savings: S 282,397(S 285,182

Annual O&M Savings: S - S 80,104

Annual Energy and O&M Savings: S 282,397 | S 365,286

Project Simple Payback (w/o ERCS) 14.3 14.2
Required Annual Energy Related Cost Savings (ERCS): S - S -

Net Present Value (NPV) of Cashflow S 40,996 | S 20,627
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Self Funded Project (18 year payback) A B C D E F G Annual Utility Savings H
Total
Base Project Annual Energy and
(No ERCS Required) Construction Utility Energy 0&M 0&M Simple Natural Electric Steam Annual SPB
ECM # [Energy Conservation Measure Description Cost k Saving: Saving Saving Payback Gas (DTH) [ (kwh) (Mlbs) | Oil (gal) | Coal (tons) Shortfall
1 LED Ltg. Int. & Ext. - Type A S 405,675 | $ -|$ 52917(s -|$ 52917 7.7 - 693,126 - - - -
2 Lighting Controls (included in ECM 1) S -1 s -1 s -1 s -1 s - n/a - - - - - -
3 Weatherization S 88,667 | $ - s 8,666 | S -[s 8,666 10.2 - - 1,120 - -
4 Boiler Fuel Switch - Addl. NG Stm BIrs. $ 1513770 [ $ -|$ 105700 [ $ - | $ 105,700 14.3 (56,295) 98,735 7,333 7,948 2,179 -
5 Piping Insulation S 41,742 | $ -1s 3319 (S -s 3,319 12.6 - - 429 - - -
7 Steam Meters S 334,304 | $ -ls -ls -ls - n/a - - - - - -
8  |Steam Traps $ 397,806 | $ -|s 318973 -|$ 31,897| 125 - - 4,122 - - -
9 Chiller Plant Modifications - RCx S 59,974 | $ 2,308 | $ 8,811 |$ -s 8,811 6.8 - 115,405 - - - -
10 AHU Modifications & BAS Upgrades S 835,761 | S 10444 |S 65122 |$S -|$ 65122 12.8 - 522,187 3,264 - - -
11 Kitchen Hood Controls S 55,012 | $ 534 | $ 3,467 | S -s 3,467 15.9 262 26,705 - - - -
12 Kitchen Systems - Refr. Controls S 28,394 | S 460 |S 1,757 |$ -|$  1,757| 16.2 - 23,012 - - - -
12.1 Kitchen Systems - RTU Economizer S 11,345 | $ -1s 741 | S -1s 741 15.3 - 9,712 - - - -
Consultant Fee S 270,161 [ $ -ls -1s -ls - n/a - - - - R
Totals| $ 4,042,610 | $ 13,746 | $ 282,397 | § - | '$ 282,397 | 14.3 | | -56,033 1,488,882| 16,268| 7,948| 2,179 0
PLUS Contingency Fund (2%):| $ 75,449
LESS Utility Rebates:| $ 13,746
LESS Energy Related Cost Savings:| $ - Excess Cumulative Cashflow:[ $ 53,654
Net Financed Amount:| $ 4,104,313 NPV of Cashflow:| $ 40,996
Project Cost:| $ 4,042,610 Interest Rate: 3.00%
DHS Contingency:| $ 75,449 Utility Escalation Rate: 1%
Rebates/ Incentives:| $ 13,746 Construction Period (Months): 12
Net Project Cost to be Financed:| $ 4,104,313 Payment Frequency: Annual
First Year Energy Savings:| $ 282,397 Contruction Period Interest| $ 119,955
Annual Annual Annual 0O&M Total Annual Energy Other Net Excess
Energy Costs | Energy Costs Energy Savings Annual Savings Financing Related Payments Annual Cumulative
(Before) (After) Savings Payments Cost Savings (M&V) Benefit Cashflow
Year A B C=A-B D E=C+D F G H 1=E-F+G-H J
0 S 1451667 |S 1345868 (S 105,800 | $ - S 105,800 | Sav. PaidYrl | $ - S - S -
1 S 1,466,184 |S 1,183,787 | S 282,397 | $ - S 282,397 | $ 370,215 | $ - S 15,000 | $ 2981 | S 2,981
2 S 1,480,846 S 1,195625 (S 285,220 | $ - S 285,220 | $ 266,790 | $ - S 15,450 | $ 2,981 (S 5,962
3 S 1495654 |S 1,207,581 (S 288,073 | $ - S 288,073 | $ 269,178 | $ - S 15,914 | $ 2981 | S 8,942
4 $ 1510611 |$S 1219657 |$ 290,953 | $ - |s 290,953 | $ 287,973 | $ - |$ - 18 2,981 | $ 11,923
5 S 1,525,717 |S 1,231,854 | $ 293,863 | $ - S 293,863 | $ 290,882 | $ - S - S 2,981 | S 14,904
6 S 1540974 | S 1,244,172 | S 296,802 | $ - S 296,802 | $ 293,821 | $ - S - S 2,981 |$ 17,885
7 $ 1556384 |S$ 1256614 (S 299,770 | $ - S 299,770 | $ 296,789 | $ - $ - $ 2,981 |$ 20,865
8 S 1571948 | S 1,269,180 | $ 302,767 | $ - S 302,767 | $ 299,787 | $ - S - S 2,981 | S 23,846
9 S 1587667 |S 1,281,872 (S 305,795 | $ - S 305,795 | $ 302,814 | $ - S - S 2,981 |$ 26,827
10 $ 1603544 S 1294691 (S 308,853 | $ - S 308,853 | $ 305,872 | - S - S 2,981 |$ 29,808
11 S 1619579 |S$ 1,307,638 (S 311,941 | $ - S 311,941 | $ 308,961 | S - S - S 2,981 | S 32,788
12 $ 1635775|S 1,320,714 | $ 315,061 | $ - S 315,061 | $ 312,080 | $ - S - S 2,981 |$ 35,769
13 $ 1,652,133 |S 1333921 (S 318,211 | $ - S 318,211 | $ 315231 | S - S - S 2,981 |$ 38,750
14 S 1668654 |S 1,347260(S 321,394 | $ - S 321,394 | $ 318,413 | S - S - S 2,981 | S 41,731
15 S 1685341|S 1,360,733 (S 324,608 | $ - S 324,608 | $ 321,627 | - S - S 2,981 | S 44,712
16 S 1,702,194 | S 1374340 (S 327,854 | $ - S 327,854 | $ 324,873 | S - S - S 2,981 | $ 47,692
17 S 1,719,216 | $ 1,388,084 | S 331,132 | $ - S 331,132 | $ 328,151 | $ - S - S 2,981 | S 50,673
18 S 1,736,408 | S 1,401,965 (S 334,443 | $ - S 334,443 | $ 331,463 | - S - S 2,981 | S 53,654
Note: Const. period savings applied to 1st yr payment per RFQ 2.6C1h(9). NPV of Cashflow (column H): $40,996
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ded Project A B C D E F G Annual Utility Savings H
Total
O&M Savings Included Annual Energy and
(No ERCS Required) Construction Utility Energy 0o&M 0o&M Simple Natural Electric Steam Annual SPB
ECM # [Energy Conservation Measure Description Cost k Saving! Saving: ing: Payback Gas (DTH) (kWh) (Mlbs) | Oil (gal) |Coal (tons)| Shortfall
1 LED Ltg. Int. & Ext. - Type A S 405675 |$ 13,863 |$ 52917 |$ 6,363 | S 59,280 6.8 - 693,126 - - - -
1.1 LED Ltg. Add - Type C S 291,921 | $ 730 $ 2,785 |$ 10,271 |$ 13,056 22.4 - 36,480 - - - -
2 Lighting Controls (included in ECM 1) S S -1 -1s -1S - n/a - - - - - -
3 Weatherization S 88,667 | S -1s 8,666 | $ -1 s 8,666 10.2 - - 1,120 - - -
4 |Boiler Fuel Switch - Addl. NG Stm Blrs. $ 1513770 | $ -|$ 105700 |$ 18390 |$ 124,090| 12.2 (56,295) 98,735 | 7,333| 7,948 2,179 -
4.1  |Add for All New NG Blrs + Plant Upgrades S 814,883 | $ -1s -|$ 17,005|$ 17,105 47.6 - - - - - -
5 Piping Insulation $ 41,742 | $ -1S 3319 |$ -1S$ 3,319 12.6 - - 429 - - -
7 Steam Meters S 334,304 | S -1s -1s -l s - n/a - - - - - -
8 Steam Traps S 397,806 | $ -|1S 31897 (S -|1$ 31,897 12.5 - - 4,122 - - -
9 Chiller Plant Modifications - RCx S 59,974 | $ 2,308 | $ 8,811 | S -1 s 8,811 6.8 - 115,405 - - - -
10 AHU Modifications & BAS Upgrades S 835,761 | S 10444 [S 65122 |S$ 27975|S 93,097 9.0 - 522,187 3,264 - - -
11 Kitchen Hood Controls S 55,012 | $ 534 | S 3,467 | S -1S 3,467 15.9 262 26,705 - - - -
12 Kitchen Systems - Refr. Controls S 28,394 | S 460 | S 1,757 | $ -|S 1,757 16.2 - 23,012 - - - -
12.1 |Kitchen Systems - RTU Economizer $ 11,345 | $ -1S 741 S -1S 741 15.3 - 9,712 - - - -
Consultant Fee S 349,424 | S -1s -1s - s - n/a - - - - -
$ -1$ -1$ -1$ -1$ - - - - - -
Totals[ $ 5,228,678 | $ 28,338 [ $ 285,182 [ $ 80,104 | $ 365,286 | 14.2 | [ -56,033] 1,525,362 16,268] 7,948 2,179 0
PLUS Contingency Fund (2%):| $ 97,585
LESS Utility Rebates:| $ 28,338
LESS Energy Related Cost Savings:| $ - | Excess Cumulative Cashflow:l $ 26,996 |
Net Financed Amount:| $ 5,297,925 [ NPV of Cashflow:| $ 20,627 |
Project Cost:| $ 5,228,678 Interest Rate: 3.00%
DHS Contingency:| $ 97,585 Utility Escalation Rate: 1%
Rebates/ Incentives:| $ 28,338 Construction Period (Months): 12
Net Project Cost to be Financed:| $ 5,297,925 Payment Frequency: Annual
First Year Energy Savings:| $ 365,286 Contruction Period Interest| $ 155,764
Annual Annual Annual O&M Total Annual Energy Other Net Excess
Energy Costs | Energy Costs Energy Savings Annual Savings Financing Related Payments Annual Cumulative
(Before) (After) Savings Payments Cost Savings (M&V) Benefit Cashflow
Year A B C=A-B D E=C+D F G H 1=E-F+G-H J
0 S 1,451667|S 1345868 S 105,800 | $ - S 105,800 | Sav. PaidYrl | $ - S - S -
1 S 1,466,184 |S 1,181,002 | S 285,182 | $ 80,104 | $ 365,286 | $ 454,586 | $ - S 15,000 | $ 1,500 | $ 1,500
2 $ 1480846 (S 1,192,812 ]S 288,033 | $ 80,271 | $ 368,304 [ $ 351,354 | § - S 15,450 | $ 1,500 | $ 3,000
3 S 1,495,654 | S 1,204,740 | S 290,914 | $ 80,439 | $ 371,352 [ $ 353,939 | § - S 15914 | $ 1,500 | $ 4,499
4 $ 1510611(S$ 1,216,788 | S 293,823 | $ 80,608 | $ 374,431 (S 372,931 | S - S - S 1,500 | $ 5,999
5 $ 1525717 [$ 1,228,956 | $ 296,761 | $ 80,780 | $ 377,541 [ $ 376,041 | $ - S - $ 1,500 | $ 7,499
6 S 1,540,974 | S 1,241,245 | S 299,729 | $ 80,953 | $ 380,681 | $ 379,182 | $ - S - S 1,500 | $ 8,999
7 $ 1556384 (S 1,253,658 ]S 302,726 | $ 81,127 | $ 383,854 [ $ 382,354 | § - S - S 1,500 | $ 10,498
8 S 1571948 |$ 1,266,194 | S 305,753 | $ 81,304 | $ 387,057 [ $ 385,558 | $ - S - S 1,500 | $ 11,998
9 S 1,587,667 |S 1,278,856 | S 308,811 | $ 81,482 | $ 390,293 [ $ 388,793 | S - S - S 1,500 | $ 13,498
10 $ 1603544 (S 1,291645|$ 311,899 | $ 81,663 | $ 393,561 [ $ 392,062 | $ - S - $ 1,500 | $ 14,998
11 S 1619579 S 1,304,561 | $ 315,018 | $ 81,844 | $ 396,862 | $ 395,363 | $ - S - S 1,500 | $ 16,497
12 $ 1635775|S 1,317,607 |$ 318,168 | $ 82,028 | $ 400,196 | $ 398,697 | $ - S - $ 1,500 | $ 17,997
13 S 1,652,133 S 1,330,783 |$ 321,350 | $ 82,214 | $ 403,564 | $ 402,064 | $ - S - S 1,500 | $ 19,497
14 S 1,668,654 S 1,344,091 |$ 324,563 | $ 82,401 | $ 406,964 | $ 405,465 | $ - S - S 1,500 | $ 20,997
15 $ 1685341|$ 1357532 (S 327,809 | $ 82,591 | $ 410,399 | $ 408,900 | $ - S - S 1,500 | $ 22,496
16 S 1,702,194 [ $ 1,371,107 | $ 331,087 | $ 82,782 | $ 413,869 | $ 412,369 | $ - S - S 1,500 | $ 23,996
17 $ 1,719,216 | S 1,384,818 S 334,398 | $ 82,975 | $ 417,373 | $ 415873 | $ - S - S 1,500 | $ 25,496
18 S 1,736,408 [ $ 1,398,666 | $ 337,742 | $ 83,170 | $ 420912 | $ 419,412 | $ - S - S 1,500 | $ 26,996

Note: Const. period savings applied to 1st yr payment per RFQ 2.6C1h(9). NPV of Cashflow (column H): $20,627
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Annual Financial Projections

The cash flows illustrate that the proposed project(s) will pay for themselves within 18 years (after
construction) when modeled at a 3% interest rate. The net present value of the Self-Funding Project
excess cash flow over 18 years is $40,996 based on a 3% discount rate. The Self-Funding Project is
cashflow positive without using O&M savings nor ERCS, per RFQ 2.6C1(c). The Recommended Project
incorporates the additional O&M savings, per RFQ 5.3A(12). The columns in the cash flows represent the
following. Note: The payments in column D of the cash flow include the repayment of capitalized
interest cost based on a twelve (12) month construction period.

Annual energy costs without improvements G. Energy Related Cost Savings (ERCS)
Annual energy costs with improvements M&V payments

Net annual benefit
Cumulative cash flow

Net Present Value of cash flow

Annual energy cost savings (A-B)
Annual O&M savings
Total Annual savings

T moO0® >
okl

Payments for financing equipment

Recommended Project

The Recommended Project includes scope enhancements to the lighting and fuel switch ECMs, in
particular, all new steam boilers at the central plant (rather than just redundant capacity) along with
upgrades to the feed water and domestic hot water equipment. These enhancements are made possible
through the inclusion of operation and maintenance (O&M) savings but do not require any Energy Related
Cost Savings (ERCS). We have been conservative in the application of operation and maintenance (O&M)
savings. More aggressive O&M savings or ERCS could be used to support longer payback ECMs like ECM
6-Decentralization and ECM 13-New Windows. These ECMs are not included due to their current long
payback. TEN also developed two ESCO ECMs for your consideration. ESCO A — Cogeneration and
ESCO B — Solar PV are both just self-funding and can be included in the project, however this warrants
further discussion with DHS as they would double the size of the project.

Optional ECMs

Immediately below is a summary of additional ECMs investigated by TEN for potential inclusion by
DHS.

ECM:s Evaluated But Not Included A B C D E F G Annual Utility Savings H
Total
Annual Energy and
Evaluated Project Construction Utility Energy o&M O&M Simple Natural Electric Steam Annual SPB
ECM # |Conservation Measure Description Cost b ing ing Saving: Payback Gas (DTH) (kWh) (Mlbs) | Oil (gal) [Coal (tons)| Shortfall
6 Decentralized Heating System $ 5,727,500 | $ - $ 160,035 | $ $ 160,035 36 (47,646) (76,645) 7,333 7,948 2,179 | $ 158,159
9.1 Chiller Plant Modifications - New Chillers S 954,100 | $ 5139 |$ 19617 ]S $ 19,617 49 256,951 S 33,103
13 Replace Windows S  4,807330(S - S 4553 S - $ 4553 1,056 780 3,865 - - - $ 262,520
ESCO A |Cogeneration $ 4,350,000 | $ 500,000 | $ 330,656 | $ (93,931)| $ 236,725 16 (29,319)| 5,262,111
ESCO B |Solar PV Array - Ground Mount S 746,162 | $ S 46,781 (S S 46,781 16 - 493,000

Project Monitoring and Maintenance Services

The measurement and verification of the proposed ECMs is anticipated to be conducted according to the
M&V plan identified in the Technical Submission. Onsite measurements, field work and report generation
will be prepared by Wayne Chase a Certified Measurement and Verification Professional (CMVP) and
Certified Energy Manager (CEM) in conjunction with Greg Lok, his supervisor who is also a CMVP and
PE. The proposed M&V plan includes IPMVP options A, B, C & D and is more specifically addressed
later in this volume.

Volume IT - ECM/Cost Submittal 6
GESA 2021-2 Guaranteed Energy Savings Project
October 12, 2021




ten

a DLH company

It is anticipated that DHS will incorporate the upgraded systems into their preventative maintenance
routines or renegotiated service agreements which includes maintenance as a means of ensuring availability
and maximizing revenues. TEN’s project management team will be available to facilitate warranty claims
or repair work as necessary. Project training is included in the installation cost of the project.

Baseline Utility Data

The following table summarize utilities as provided in the request for proposal and bulletins. This
information was then analyzed to aid in identifying areas for energy savings and to ensure TEN did not
over-potential project savings. The total area and costs were derived from the utility cost and usage
summary reports provided. The resulting analysis also served as the starting point for bottom-up and top-
down savings calculations and validations.

DHS Wernersville Baseline Energy Consumption and Cost |

Annual | Annual | Annual | Annual Annual Total
. Annual | Annual Annual o
Electric | Steam | Water | Sewer . Water Utility
Electric Steam Sewer
Usage Usage | Usage | Usage Cost ($) | Cost ($) Cost Cost ($) Cost per
(kWH) (Mlb) | (kGal) | (kGal) (&) Yr

6,042,606 | 61,646 | 18,742 | 11,478 | $447,836 | $462,978 | $57,366 | $87,208 | $1,055,388

As shown above, electric and steam are the largest utility costs incurred by DHS Wernersville, accounting
for approximately 85% of the utility spend. The facility primarily uses anthracite coal as the boiler fuel to
generate high pressure steam. However during the summer months, they switch to natural gas as primary
fuel and fuel oil as backup. The utility data provided shows coal, natural gas, and oil being consumed every
year to generate steam. Since all three fuel types are used to generate steam, steam generated at the central
plant is also metered and shows up on the utility data, TEN decided to utilize steam as the baseline heating
fuel to simplify energy accounting and savings calculations.

% Distribution of Annual Utility Cost

o 8%

® Electric = Steam Water Sewer
‘ DHS Wernersville Baseline Energy Usage and Total Cost
Annual | Annual | Annual A;';ltlal Total Total Cost
Electric Coal | Fuel Oil ) Site EUI Utility
SqFt Gas Energy Index
Usage Usage Usage Used | (MMBtu/Yr) (KBtu/SqFt) | Cost per ($/SqFt
(kWH) | (Tons) | (Gallon) (MCF) Yr q
770,000 | 6,042,606 | 2,304 6,693 20,440 99,594,372 143 $1,055,388 | $1.51
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The tables above show the total energy and water/sewer use and the raw Energy Usage Index (EUI), in
btu’s per sq.ft. for all three fuels for steam generation and electricity, as well as annual gallons / sq.ft. for
water and sewer. The calculated energy use index (site EUI) represents 79% of heating fuel usage and 21%
electric. This type of benchmarking facilitates energy accounting and assists in identifying opportunities
for improvement and to verify energy savings.

The monthly electric data from July 2017 to June 2020 was analyzed. Electric service is provided by PPL
Electric Utilities. There are two electric meters, a common meter for all three chiller plants and the second
meter for the entire campus. Major consumers of electricity at the facility include lighting and HVAC. The
following plot shows monthly electric consumption (kWH) along with demand (kW), population and
cooling degree-days (CDD).

DHS Wernersville - ElectricEnergy and Demand - July 2017 to June 2020
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The steam data from July 2017 to June 2020 shows monthly steam generated from all three fuels. It also
shows the steam demand during the summer months when steam is used for domestic hot water, kitchen,
and a small reheat load. More often than not, steam production exceeds demand during the summer months,
and the excess steam is blown off at the central plant.

DHS Wernersville - Monthly Steam Consumption - July 2017 to June 2020
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The monthly water/sewer consumption data is shown below. The facility is also equipped with rainwater
harvesting system at the three main buildings. The sewer system is believed to be equipped with a dedicated
meter and the plot also shows the higher water consumption as a result of boiler and cooling tower makeup.

DHS Wernersville - Water/Sewer Usage - July 2017 to June 2020
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Utility rates were derived from the summary spreadsheets since actual copies were not available.

‘ DHS Wernersville Baseline Energy Rates for Analysis

. Electric $/kWh Water Sewer
Electric $/kW (Blended) Steam $/Mlb $/kGal $/kGal
$0.00 $0.0741 $7.51 $3.06 $7.60

Energy Conservation Measure Descriptions

The following pages describe the technical feasibility, suitability, reasonableness, comprehensiveness and
acceptability of the proposed ECMs. Quality & DHS familiarity of the proposed equipment as well as local
suppliers & installers was also a key consideration of ECM scoping.

We have identified some optional “ESCO ECMs” for your consideration that complement the required
RFQ Core ECMs. We also commit to DHS that we will prepare/finalize a feasibility study of relevant Fuel
Switch & Decentralize options for your consideration between ESCO selection and audit agreement
approval. Like SCI Houtzdale, it will arm DHS stakeholders with sufficient information to select their
preferred Fuel Switch and/or Decentralization approach at the onset of the IGA.

We greatly appreciate Wernersville staff supporting our four site visits and our desire to maximize our staff
disciplines during each. We trust that it demonstrated TEN’s commitment to use DHS escort time
effectively and develop the proposal with our internal staff rather than delegate to subcontractors. While all
of our pricing is backed by contractor quotes, it has been at the direction of our staff who have prepared the
scopes of work based on those site visits. We believe this is why you see a strong correlation between
TEN’s RFQ and IGA pricing. Conversely minimal effort and abbreviated scopes of work may yield
especially attractive RFQ cost and savings but not hold true during the IGA.
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ECM 1 Interior & Exterior Light Conversion to LED
Overview

The Efficiency Network has conducted an audit and preliminary lighting design for the Wernersville State
Hospital. The lighting design is focused on the potential energy savings through an LED lighting retrofit
project and includes two different approaches to linear fluorescent lamp retrofit for DHS consideration:

e ECM 1-Type A TLED Lamp Retrofit (provides better payback to support ECM-4)

e ECM 1.1 — Upgrade from Type A to Type C TLED Lamp & Driver Retrofit

Existing Conditions

Interior lighting - Most luminaires have generation II T8 technology with 25-watt fluorescent lamps and
electronic ballasts utilizing low, medium, and high ballast factor along with compact fluorescent and HID
technologies. Other technologies include 13W GX23 2-Pin lamps in drum fixtures, and TSHO linear
fluorescent lamps. Exterior lighting includes the Tunnel System, Shoe Box style pole lighting, Wall Packs,
Canopy lights, Dusk-to-Dawn, and Jelly Jar luminaires.

Proposed Upgrade
Recommended Lighting Efficiency Measures:

Retrofit existing T12, T8 & TSHO (2°/3°/4’) fluorescent lamps with UL Type A TLED lamps.
Relamp existing CFL and incandescent lamps with new LED A19 lamps.

Retrofit pin-base compact fluorescent lamps with new LED retrofit kit.

Retrofit CFL drum luminaires with new LED drum kits.

Relamp T8 Linear Fluorescent Bed Lights with UL Type A TLED plug-n-play lamps.

Retrofit HID lamps with new LED lamps that are omni-directional and bypass the ballast.

Retrofit HID lamps with new LED lamps that are hazardous location rated and are ballast compatible.
Replace Induction, compact fluorescent, and HID wall packs with new LED wall packs with photocell.
Existing LED exit signs will remain as is.

0. No occupancy sensors are included at this time due to sensors already present / installed on previous energy-
saving project. TEN will look for additional areas that will benefit from sensors during the IGA.

e B A o e

Scope of Work

The lighting system improvement’s will be designed to maximize savings while maintaining or improving
existing light levels in each area. Post-retrofit light levels are typically increased due to design and
installation of newer and more efficient equipment.
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Retrofit Type # of Luminaires

Retrofit existing luminaire with UL Type A 4,892
Retrofit drum and wall sconce with "Ready Fit" LED kit 285
New LED, wall pack, flood, jelly jar, shoe box, or dusk-to-dawn 255
Screw-in LED lamp 46
Plug-in LED lamp 6
No Retrofit LED exit sign 136
No Retrofit LED exterior luminaires 30
Replacement (new luminaire) 255
Retrofit 5,229
No Replacement / No Retrofit 166
Totals 5,650

Maintenance Impact

Wernersville will realize additional savings in the reduction of replacement materials, either through the
extended warranties, reduced energy usage of proposed LED luminaires, lamps (and drivers), as well as
increased operating life of new equipment. Utility incentives will be realized but not guaranteed based on
the proposed LED lighting upgrade as per the utility rebate incentive program and current available funds.

Training

Training will be provided by Tony Albright and Daric Holmes and will address warranty procedures as
well as maintenance that may be required by DHS. Due to the long life of the product being installed, it
may be some time before significant maintenance is required. TEN will deliver to DHS comprehensive
operations and maintenance manuals including an electronic video of the training provided.

Measurement and Verification (and Savings)

ECM

Electric (kWh) Material Savings

M&V

1 - Lighting Base — Predominantly Type A TLED 693,126 $6,363 IMPVP — Option A
Add 1.1 — Upgrade to Type C TLED & Driver 36,480 $10,271 IMPVP — Option A
Total 729,606 $16,634

ECM 2 Lighting Controls

Existing Conditions

TEN observed existing lighting controls that were installed during the previous energy-saving project. The
areas that would benefit from lighting controls were already addressed and as a result no additional short
payback savings are available. It should be noted that the cost and savings in ECM-1 includes replacing
existing luminaire mounted controls with similar new integrated controls. New LED exterior
luminaries are a good example of a proposed one for one replacement. As such, the cost of these integrated
controls is borne within ECM-1 and not broken out within ECM-2. During the IGA stage, TEN will
continue to look for lighting control opportunities that may not have been included in the first GESA project.
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ECM 3 — Weatherization

Existing Conditions

Existing buildings typically have numerous air-leak paths through the
envelope in such locations as gaps at transitions between wall, floor and roof
levels, structural penetrations through the wall system, and at transitions in
wall system types.

Proposed Upgrade

TEN proposes to install sweeps, weather stripping and astragals on doors and
to seal various building envelope penetrations with sealant to reduce the  Figure I. Building 35 - Thermal Image

amount of infiltration into buildings. of Air Exfiltration Under Door
Scope of Work
Quantity Envelope Improvement Type
1,986 Linear Feet - Wall cracks, window/door frames and vents sealed with polyurethane sealant
114 Sets of weather-strip DF
120 Door sweeps
36 Astragals (weather-strip for center of double door)
4 Sets of weather-strip DF (OH Door)
4 Door sweeps (OH Door)

Maintenance Impact
Installation of the proposed scope will not increase maintenance requirements.

Training
Tony Albright will train the maintenance staff regarding annual inspection and repair, if necessary.

Measurement and Verification (and Savings)
e 1,120 Mib Steam (IPMVP Option C)

ECM 4 — Boiler Fuel Switch

Existing Conditions

The existing boiler plant is circa 1955 and consists of three coal fired
boilers as well as condensate, feed water, blowdown, coal handling, and
ash handling systems. The plant also includes domestic water pumping,
domestic water heating and domestic water conditioning systems.

The plant delivers 100 psig steam to the old boiler plant (Bldg 13) where
the pressure is reduced to 50 psi and distributed to the campus. The boiler |
plant is metered and currently provides a peak load of 19,000 Mlbs of
steam to the campus according to owner supplied data. Existing loads on
campus include comfort heating, domestic water heating and kitchen
appliances (Bldg 34).

Although the existing plant is meticulously maintained, finding local operators capable of maintaining a
coal-fired plant of this size is becoming problematic.
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Proposed Upgrade

TEN will decommission the coal fired plant and install a new natural gas/oil fired boiler plant with the
required redundancy. The new plant will deliver 50 psig steam to meet the space heating, water heating,
and process steam requirements for the campus. The new plant will be automated and connected to the new
building management system (provided under a separate ECM) for remote monitoring and control.

Scope of Work
TEN will decommission the three (3) coal fired boilers, coal handling and ash handling systems all of which
will be abandoned in place.

Two (2) new 250 hp boilers will be installed in the existing boiler plant and, in conjunction with the existing
750 hp boiler, will offer 100% redundancy. The new boilers will be dual fuel and capable of operating on
natural gas or fuel oil to maintain resiliency and capitalize on an interruptible gas rate.

New boiler feed water pumps will be provided to meet the needs of the new boiler plant.

Existing supporting systems will remain in place and be reused. These systems include condensate, feed
water, blowdown, domestic water pumping, domestic water heating and domestic water conditioning
systems.

ECM 4.1 — Add for All New Natural Gas Boilers and Plant Upgrades

While the base ECM 4 does accomplish the task of converting the plant to natural gas/oil, the scope is
meant to produce the results with energy savings alone. As a consequence, the existing 750 hp boiler
remains in service. With the inclusion of O&M savings into the cash flow, the scope can be enhanced, thus
removing the 17-year-old 750 hp boiler and installing all new boilers.

Proposed Solution

As with ECM 4, TEN will downsize and convert the existing coal fired central plant to natural gas. We will
decommission the three (3) coal fired boilers, coal handling and ash handling systems all of which will be
abandoned in place. However, TEN will remove the existing 750 hp boiler and its supporting systems to
the point of reconnection.

Three (3) new 250 hp boilers will be installed in the existing boiler plant and will offer 100% redundancy.
The new boilers will be dual fuel and capable of operating on natural gas or fuel oil to maintain resiliency
and capitalize on an interruptible gas rate.

New deaerator system including boiler feed water pumps will be provided to meet the needs of the new
boiler plant.

Existing supporting systems will remain in place and be reused. These systems include condensate,
blowdown, domestic water pumping, domestic water heating and domestic water conditioning systems.

Maintenance Impact (ECM 4 and 4.1)

There are inherent advantages to the new boiler plant due to its reduced complexity in comparison with the
existing coal fired facility. The major benefits are outlined below:

Eliminate coal handling and conveying systems

Eliminate ash handling and conveying systems

Eliminate environmental/emission control measures that may be required for coal

Eliminate steam turbines for the combustion air blower system

Eliminate the boiler coal bed conveyer system

Only one boiler operator is required to operate the new plant

ECM 4.1 will replace provide all new equally sized steam boilers improving plant longevity.
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Training

Extensive training will be provided on the proper maintenance and operation for the new boilers,
combustion controls, and ancillary equipment installed with this project. Videotaped training will be
coordinated and overseen by Bob Tobin and Rajas Hatwalne.

Measurement and Verification (and Savings)

e -56,295 DTH Natural Gas (IPMVP Option C) e $18,390 ECM 4 Maintenance Savings
e 08,735 kWh Electric (IPMVP Option B) e $17,105 ECM 4.1 Overtime Reduction
o 7,333 Mib Steam (IPMVP Option C)

o 7,948 Gal Oil (IPMVP Option C)

o 2179 Tons Coal (IPMVP Option C)

ECM 5 — Evaluate Condensate System and Piping Insulation

Existing Conditions

TEN evaluated the condensate receivers as well as condition of the steam and condensate piping. The
condensate receivers are a necessary part of any steam system. When steam is used in the end devices such
as heating coils the steam transfers its heat to the -
coil and condenses. A steam trap will allow the
condensed steam to pass through to the condensate
return system and ultimately be pumped back to the
steam plant. Properly working condensate
receivers maintain the integrity of the entire system
and are necessary to return the condensate back to
the steam plant. In general, the existing condensate
receiver system appear to be in good working
condition. The overall higher rate of steam Figure 2. Building 34 - Kitchen Warehouse Walk-In Freezer
condensate returned to the boiler plant (more than

80%) also indicates proper system operation.

During the building survey, TEN evaluated the condensate receiver tanks and the steam/condensate piping
for missing or inadequate insulation. It is a common occurrence for steam pipe insulation to become
damaged or missing after steam system repair activities. Rigid insulation must be removed to gain access
to the area to be repaired and in most instances cannot be reused. Since most repairs are unplanned and
replacement insulation is not readily available, the piping remains bare and wastes energy.

Proposed Upgrade "
TEN evaluated the performance of six

different systems consisting of piping,

duct and equipment at the facility. . l‘
Specifically identified and assessed where |- g N

systems that were not insulated. TEN -
recommends the installation of removable -

insulation blankets on valves, fittings,
PRV, _—

and strainers with missing .
insulation. Straight pipe runs will be  Energy loss from bare valve and Un-insulated valve and flanges
insulated with new rigid insulation of the flanges
appropriate thickness for the application.

Thermal insulation improves energy efficiency by minimizing the heat loss (energy loss) in steam piping
systems.
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Blanket insulation is a custom designed, self-contained insulation system, which is used on in-line piping
component, such as, valves, strainers and traps. This insulation system is constructed of high-density
insulation filler with a fully encapsulated outer jacketing. It is designed to be removed easily and intact and
is therefore re-usable. In addition to energy efficiency, this feature lowers maintenance costs, and serves
as personnel protection from hot surfaces. This will significantly help reduce energy losses (by up to 90%
in some cases) and will also help ensure proper steam pressure at the plant. Steam savings will result due
to reduced losses in the steam distribution system.

Piping Heat Loss is based on the following factors:

Material of pipe, Surface area of Bare Piping, Steam Pressure, and Ambient Temperature

For the bare valves and fittings, the following equation calculates the total steam lost for each insulation
application — Bare fitting = 25 x (Temp of bare fitting - Ambient air Temp)) / (0+ (25/3.2))

Insulated Fitting = 0.26 x (Temp of bare fitting - Ambient air Temp)) / (1+ (0.26/3.2))
Heat loss Savings = (Bare — Insulated) x Annual hours of use for the application

Maintenance Impact

The new removable insulation blankets recommended in this measure can be removed for service and
reused. This results in a cost savings compared to rigid insulation which must be replaced if removed or
damaged.

Training
Tony Albright will train the maintenance staff regarding annual inspection and repair, if necessary.

Measurement and Verification (and Savings)
e 429 Mlib Steam (IPMVP Option C)

ECM 6 — Decentralized Heating System (Not Currently Recommended — Long Payback)

Existing Conditions
The existing boiler plant is circa 1955 and consists of three coal fired
boilers as well as condensate, feed water, blowdown, coal handling, and
ash handling systems. The plant also includes domestic water pumping,
domestic water heating and domestic water conditioning systems.

The plant delivers 100 psig steam to the old boiler plant (Bldg 13) where
the pressure is reduced to 50 psi and distributed to the campus. The
boiler plant is metered and currently provides a peak load of 19,000
Mlbs of steam to the campus according to owner supplied data. Existing
loads on campus include comfort heating, domestic water heating and
kitchen appliances (Bldg 34). Although the existing plant is
meticulously maintained, finding local operators capable of maintaining
a coal-fired plant of this size is becoming problematic.

Proposed Upgrade

Buildings 34, 35 & 37:

As these three buildings are by enlarge heated with hot water terminal equipment, TEN will install a new
natural gas heating hot water plant in each building and convert the existing facilities to hot water in their
entirety.
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TEN will decommission the coal fired plant and install a new natural gas/oil fired boiler plant with the
required redundancy. The new plant will deliver 50 psig steam to meet the space heating, water heating,
and process steam requirements for the balance of the campus.

The new plant will be automated and connected to the new building management system (provided under
a separate ECM) for remote monitoring and control.

Scope of Work

Buildings 34, 35 & 37

TEN will install a new natural gas/oil fired heating hot water plant in each building and convert the existing
facilities to hot water in their entirety. This involves removing the remaining steam terminal equipment
throughout and installing hydronic or electric counterparts such as unit heaters, domestic water heaters and
kitchen appliances. Post implementation, these three buildings will be decoupled from the central plant
entirely.

Central Plant

The rest of the campus is served by terminal steam equipment or, in the case of DOC, not eligible for
conversion under the scope of this contract. TEN will downsize and convert the existing coal fired central
plant to natural gas. We will decommission the three (3) coal fired boilers, coal handling and ash handling
systems all of which will be abandoned in place. We will remove the existing 750 hp boiler and its
supporting systems to the point of reconnection.

Two (2) new 250 hp boilers will be installed in the existing boiler plant and will offer 100% redundancy.
The new boilers will be dual fuel and capable of operating on natural gas or fuel oil to maintain resiliency
and capitalize on an interruptible gas rate. New boiler feed water pumps will be provided to meet the needs
of the new boiler plant. Existing supporting systems will remain in place and be reused. These systems
include condensate, feed water, blowdown, domestic water pumping, domestic water heating and domestic
water conditioning systems.

Maintenance Impact

Although this decentralization measure includes maintaining the central plant, albeit much smaller, there
are inherent advantages to decentralizing due to its reduced complexity in comparison with the existing
coal fired facility. The major benefits are outlined below:

Eliminate coal handling and conveying systems

Eliminate ash handling and conveying systems

Eliminate environmental/emission control measures that may be required for coal

Eliminate steam turbines for the combustion air blower system

Eliminate the boiler coal bed conveyer system

Only one boiler operator is required to operate the new plant

Eliminate steam pipe, flash steam and condensate losses associated with building 34, 35 & 37
distribution systems.

Eliminate steam trap maintenance for building 34, 35 & 37 and associated distribution systems.

e Note that there will be additional maintenance associated with adding hot water boiler plants in
building 34, 35 & 37.

Reason Not Recommended

While decentralizing is normally an attractive alternative to operating a high-pressure steam plant there are
several challenges at Wernersville that, in our opinion, support maintaining a centralized system. Following
are some of the broader points:
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e Although building 34, 35 and 37 convert most of the steam to heating hot water at the point of entry,
high pressure steam is utilized sporadically throughout the building for unit heaters, kitchen equipment,
dishwasher boosters, etc. Converting this equipment to electric or providing a dedicated high pressure
steam boiler adds substantial cost and maintenance to the conversion that erodes away the ECM’s
performance.

e Barring building 34, 35 and 37, many of the buildings on campus either utilize steam in terminal
equipment or are occupied by the DOC and are not eligible for conversion under this contract.
Conversion of these buildings to heating hot water would be expensive or in the case of DOC occupied
buildings impractical.

e A new steam plant will need to be built to serve other buildings on campus. The incremental cost of
increasing the plant size to accommodate the entire campus is cheaper than constructing additional boiler
plants around campus.

e The existing steam distribution system appears to be in good shape and reportedly returns 80-90 percent
of the condensate. This diminishes the returns for converting to heating hot water.

e The central plant will offer redundancy and dual fuel without additional oil storage around campus.

e The project cannot take credit for the boiler operator salaries and therefore does not contribute to the
project’s economics.

Training

Extensive training will be provided on the proper maintenance and operation for the new boilers,
combustion controls, and ancillary equipment installed with this project. Videotaped training will be
coordinated and overseen by Bob Tobin and Rajas Hatwalne.

Measurement and Verification (and Savings) — Note ECM 4 and ECM 6 savings replace each other

o 47,646 DTH Natural Gas (IPMVP Option C)

o 76,645 kWh Electric (IPMVP Option B) o $18,390 Maintenance Savings
° 7333 MIb Steam (IPMVP Option C) e $17,105  Overtime Reduction

* 7948 Gal Oil (IPMVP Option C) e -$15,000 Increased Blrs. Maint.
e 2,179 Tons Coal (IPMVP Option C)

ECM 7 — Install Building Sub-Meters on Steam Distribution
Existing Conditions

The central steam distribution system currently serves all buildings at Wernersville State Hospital.
However, none of the buildings or group of buildings are currently equipped with steam meters. Only the
central steam plant is equipped with a meter which measures the entire steam flow generated at the plant.
Without the steam sub-meters, the facility cannot measure and monitor the steam usage at the building
level. With many buildings now partially occupied, steam sub-meters will allow for better management of
steam load based on actual demand.

Proposed Upgrade

Submeters are simply sensors that measure the flow of energy, fluid, or gas in more
detail than a utility bill provides. There are following advantages of installing building
submeters

e Identification of unnecessary equipment running at night, off shift, or during the
weekend.

e Ability to get information back to steam operators the same day and to provide
operators with feedback the next day about implemented changes.
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e Comparison and benchmarking of usage across similar facilities (stores, warehouses, or buildings) and

over time.

e Better management of steam usage.

Scope of Work

TEN will install vortex type steam flow meter in the following buildings:
# Bldg No Service Steam Pipe Dia. (in) \
1 1 Admin and Archives 1.5
2 3 South Mountain Workshop 1.5
3 5 Parkside West 8.0
5 12 Chapel and Cafeteria 8.0
6 13 Garage and Maint. Office 8.0
7 14 Cold Storage, Maint. Shops 6.0
11 26 East Hall 3.0
12 28 Old Kitchen, now Storeroom 3.0
13 31 Hill Hall 4.0
14 32 Laundry (Sorting & Dispensing only) 3.0
15 33 Boiler Plant 8.0
16 34 Schuylkill Ctr (Mens Building) 8.0
17 35 Lebanon Ctr (Womens Building) 4.0
18 37 Berks Ctr 8.0

TEN will install a new metering software for data acquisition and aggregation. These meters will be
integrated with the building automation system. TEN will also install a new energy dashboard to view the
building submeter data.

Maintenance Impact
The additional steam sub-meters will allow for better management of steam load based on actual demand.

Training
Tony Albright and Rajas Hatwalne will train the maintenance staff regarding annual inspection and repair.

Measurement and Verification (and Savings) — No savings (M&V: n/a)

ECM 8 — Steam Trap Testing and Repairs

Existing Conditions
Steam traps are important in the steam STEAM TRAP FAILURES OVER TIME

system to remove the condensate from (UNMAINTAINED SYSTEM) o
the system. If the condensate is not :
removed from the steam system, the
system loses efficiency. In some cases,
a steam trap that is failed closed will
cause an excessive buildup of roreg 4SS
condensate and could cause a . i i

blockage of steam flow. Steam trap
losses depend on the steam pressure
and temperature, the type of trap, orifice size, and the level of leakage through the failed trap. Steam losses
are calculated based on the amount of steam lost through the trap. Failed closed or “plugged” traps are
unique in that there is no steam lost through the trap itself.

9
9.62% gt

®
=
=

M
H
=
=

6.39%
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Based on the steam trap data provided by the facility and a preliminary walk-through, there are
approximately 900 traps on steam distribution system. There are numerous studies that indicate the average
failure rate for steam traps in a properly maintained system ranges from 10% to 20% per year. The failure
rate for steam tramp in an unmaintained system gets worse over time. This is shown on the chart below.

Proposed Upgrade

TEN recommends performing a full steam trap survey of all the buildings where steam will remain.
Ultrasonic testing and thermal imaging will be used to identify steam traps that are not functioning properly.
Steam traps that are found to be failed open, failed closed, blocked, or leaking will be repaired or replaced.

Most steam traps are easily repairable with drop-in kits from the manufacturer. Repair kits will be
recommended in most applications. When steam traps are not sized correctly or not of the correct type for
the application, replacement will be performed.

Scope of Work

TEN will perform a full steam trap survey during IGA phase to verify counts, applications, run hours, and
failure rates of steam traps. Steam traps will be tagged, and a complete inventory list created to track
maintenance. Steam traps will also be evaluated for proper application, Failed traps will be rebuilt using
drop in kits. When a improperly sized or type of steam trap is identified an new steam trap of the proper
size and type will be installed.

Maintenance Impact
Steam traps should be inspected on an annual basis.

Training
Tony Albright and Rajas Hatwalne will review the new trap survey and corresponding tagging procedure
with maintenance staff along with confirming the ongoing procedure for annual inspection and repair.

Measurement and Verification (and Savings)
o 4122 Mlibs Steam (IPMVP — Option C)

ECM 9 — Chilled Water System Retro-Commissioning

Existing Conditions

Buildings 34, 35 and 37 each contain a chilled water (CHW) plant,
each serving only their own building. All other cooling at the Facility
is by window air conditioners or ductless mini-split systems.

The three CHW plants each contain one (1) constant-speed York
MaxE screw chiller installed around 2012. The Building 34 and 35
chillers are each 185 nominal tons and the Building 37 chiller is 215
nominal tons. Each plant also contains two (2) CHW pumps, two (2)
condenser water (CW) pumps and one (1) BAC cooling tower (CT).
Buildings 34 and 35 each have a single VFD serving both CHW
pumps, while the Building 37 CHW pumps each have their own VFD. 8 i
The Building 37 CW pumps each have dedicated VFDs, and this plant Figure 3. Building 34— 185-ton York MaxE Screw Chiller
also has a CT bypass pump which is used on system start-up during

colder temperatures.
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While investigating the Facilities and reviewing BAS data, TEN noted the following issues:

Buildings 34 and 35 Buildings 37
e CHW pumps were operating in hand e Two CHW pumps were operating at times, with at
e CHW bypass valves were not modulating and no least one pump in hand
CHW was being bypassed e With two CHW pumps operating, they appeared to
e CHW loop DP was well above set point (Bldg. 34) be operating at different speeds
e CHW loop DP sensor appears to be out of calibration e CHW flow was well above design flow
(Bldg. 35) e CHW bypass valve was bypassing water despite high
e CHW pumps were riding their curves system flow rates

Figure 4. Chilled Water System Observations

Proposed Upgrade

TEN proposes to perform retro-commissioning (RCx) on DHS Wernersville’s three CHW plants. The RCx
process will recalibrate sensors, remove manual overrides and return the systems to their original automated
sequences, resulting in improved system efficiency and reduced wear on CHW system components.

Scope of Work

For each of the three (3) CHW systems:

Perform point-to-point check-out of BAS points

Verify sequences of operation

Implement either CHWST or CHW DP reset sequence based on system CHW valve position
Test and tune control loops

Calibrate CHW flow and differential pressure sensors

Reinstate variable CHW flow

Replace CHW plant controller (Building 37 only)

Perform limited repairs to deficient sensors/equipment

Replace select AHU 2-way valves with 3-way valves to maintain CHWST at ends of branches
(Buildings 34 and 35 only; (4) valves max)

ECM 9.1 (ALT) — Chiller Replacements (Not Currently Recommended — Long Payback)

Existing Conditions

Buildings 34, 35 and 37 each contain one York MaxE constant-speed screw chiller, all of which were
installed around 2012. The Building 34 and 35 chillers are 185-tons and the Building 37 chiller is 215-tons.
Site staff relayed to TEN that these chillers experience operating issues when the entering condenser water
temperature (ECWT) approaches 75°F. To address this issue, the ECWT set point for all three CHW plants
cooling towers is set to 80°F, with no reset, which does not allow the chiller compressors to operate more
efficiently with lower ECWTs when outside air conditions would allow. TEN verified during site
investigations that all three CHW plants had their ECWT set point at 80°F when outside air temperatures
were around 72°F.

Proposed Upgrade

TEN proposes to replace the existing chillers with variable-speed chillers capable of receiving lower
ECWTs and slowing their compressor speed at lower loads to save energy.
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Scope of Work

For each of the three (3) CHW systems:

e Remove existing chiller

Install new variable-speed York YV chiller (or similar), connecting to existing distribution
Replace CHW plant controller (Bldgs. 34 and 35 only)

Update CHW plant sequences based on new chiller capabilities

Perform chiller start-up, commissioning and customer training

Maintenance Impact (ECMs 9 and 9.1)

By reinstating variable CHW flow at Buildings 34 and 35 and by returning Building 37°s CHW flow to no
more than its design flow rate, the wear and tear on each system’s CHW pumps and CHW valves will be
reduced, extending their useful life. Replacing the chillers under Alt ECM 9.1 will not result in any new
maintenance requirements but will result in having newer equipment installed which should experience
fewer component failures.

Training

Training will be coordinated and overseen by Bob Tobin and Mike Fendya. Representatives from the
control system manufacturer will address interface procedures, general interrogation, temporary and
permanent adjustments, etc. Training will also cover system components that differ from the configurations
now in place. TEN will include an electronic video of the training to be referred to for new hires or a
refresher. Training will also be provided to address warranty procedures and comprehensive operations and
maintenance manuals.

Measurement and Verification (and Savings)
Savings - ECM 9 Additional Savings — Alternate ECM 9.1

e 115405 kWh Electric (IPMVP Option B) e 256,951  kWh Electricity (IPMVP Option B)

ECM 10 — AHU Modifications — BAS Upgrades

Existing Conditions

e EDP 5P P P
TEN evaluated the HVAC units (rooftop units, air handling units, o v TN WP BT T TR KT N
etc) and associated building automation system (BAS) serving the st ory T M L R T
existing buildings including the three hospital buildings 34, 35, and vins v T AT s o LT am
37. There are eighteen (18) rooftop units (RTUs) currently serving sy ?II_%\J—_ P
the three hospital buildings, six RTUs per building. Additionally, v+ T T o 0
buildings 34 and 35 are equipped with comparatively smaller air - TR _jfoz—_———ﬁ—?_m 5 o
handling units (AHUs) which serve areas not covered by the - T T
RTUs. Similarly, building 37 is equipped with fan coil units e rens JREREED —E—_}‘ g EXCT
(FCUgs) to serve conditioned air to select spaces. Collectively, there e, TR IECEICI WP e g T MY,
are 56 HVAC units of varying capacities currently serving the E— ]

three hospital buildings 34, 35, and 37. This equates to 191 HP of
supply and return fans generating 201,075 CFM of conditioned air while bringing in 42,640 CFM of
ventilation air, based on design data.

These HVAC units were replaced approximately 15 years ago and generally appear to be in good working
condition. The RTUs are variable air volume (VAV) units, while the AHUs and FCUs are constant air
volume (CAV) units. However, it was noted through the BAS front-end that most of the RTUs were

65.3 LRH
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operating at 100% speed and there was little or no modulation in VFD speed. All HVAC units appear to
operate continuously, additionally it was noted that a few AHUs were operating even though the supply
fans were commanded ‘off”.

A brief review of the existing Metasys BAS shows that all of the HVAC units along with ancillary systems
in building 34, 35, and 37 can be controlled and monitored through the BAS. Additionally, the steam to
heating hot water heat exchangers in buildings 3, 5, and 31 are also on BAS. The DDC controllers are
equipment and building level are a mix of proprietary vs newer BACnet controllers and many controllers
are at design input capacity which cannot take additional control points, for example, CO2 sensors for
demand control ventilation.

Proposed Upgrade

The traditional building automation systems were great for controlling and monitoring operational
components. However, the smart BAS that are available today solve more complex issues than just
controlling and monitoring the buildings HVAC system. Todays smart BAS combined with [oT’s (Internet
of Things) array of sensors make it possible to monitor in real time just about anything inside a facility,
from temperature to air quality to energy use to energy accounting and much more.

TEN will install a new building automation system and connect all existing HVAC equipment to the new
BAS. The new BAS will use some of the existing equipment controllers, will be an open protocol BACnet
/ Niagara DDC building automation system.

Scope of Work
TEN will install a new BAS with Niagara N4 front-end with BACnet building controllers, remote access,
data trending, and alarms.

e Includes campus wide user-friendly graphics with a web based HTMLS interface and a server
workstation.
e Upgrade existing supervisory controllers in buildings 3, 5, 31, 34, 35, and 37 with Niagara N4 JACE.
e Upgrade existing field controllers for chilled water and heating hot water systems in buildings 34, 35,
and 37.
e Implement demand control ventilation
o Install new CO2 sensors in return air duct for RTUs serving buildings 34 and 35 using existing field
controllers.
o Install new field controllers for AHUs in buildings 34 and 35 along with new CO2 sensors mounted in
RA duct. Install the following DDC control points:

= Zone temperature =  Mixed air temperature

= Zone humidity =  Control of existing damper actuators
= Supply air temperature »  Fan command and status

= Return air temperature = Freezestat

o Install new field controllers for RTUs in building 37 along with new CO2 sensors mounted in RA duct.
Install the following DDC control points:

= Zone temperature = 2/3 Differential pressure sensor

= Zone humidity =  Control of existing damper actuators
= Supply air temperature »  Fan command and status

= Return air temperature = Freezestat

=  Mixed air temperature

e Perform retro-commissioning (RCx) and install analytics software.
o TEN will install and program analytics software to implement fault detection and diagnosis (FDD) system.
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o The analytics software will include approximately 5,000 control points. A daily/weekly report will be
generated listing all faults and costs associated with those faults.
o The RCx plan will include performing functional tests and check-outs of the following systems,
= The outside air dampers, any mixed or return air dampers and any relief dampers for proper operation
according to their ranges.
= Pre-heat and cooling coil valves and actuators for proper operation according to their ranges and to
confirm that the valves are fully functional and under proper control of the BAS.
= Check all the temperature sensors to ensure that the sensors are reading within reasonable boundaries.
= Turn the unit off for a few minutes to ensure the OA damper closes fully and that the return and relief air
damper open to their correct positions.
= Ensure that the freeze stat is mounted at an appropriate location and is properly routed across the entire
air flow.
= Test the supply, return and exhaust fans motors and VFDs for proper operation to ensure that they respond
properly to BAS commands.

Maintenance Impact

Implementation of the new BAS equipment will have a positive impact on facility operation by replacing
obsolete and failing controllers resulting in less downtime of equipment.

Training

Training will be coordinated and overseen by Bob Tobin and Rajas Hatwalne. Representatives from the
control system manufacturer will address interface procedures, general interrogation, temporary and
permanent adjustments, etc. Training will also cover system components that differ from the configurations
now in place throughout the facility. TEN will include an electronic video of the training to be referred to
for new hires or a refresher. Training will also be provided to address warranty procedures and
comprehensive operations and maintenance manuals.

Measurement and Verification (and Savings)

o 522,187 kWh Electric (IPMVP Option B)
o 3364 Mib Steam (IPMVP Option C)

e $27,975 Maintenance Savings

ECM 11 — Kitchen Exhaust Hood Controls

Existing Conditions

The Building 34 kitchen contains one main exhaust hood covering the steam and natural
gas-fired cooking equipment. The hood is served by a 10,000 CFM (nominal) exhaust fan
(EF) and heating-only make-up air unit (MAU). A Green Energy Hood control system is
installed on the hood which is supposed to monitor at least for steam, and potentially also
for heat, and then reduce the speed of the EF and MAU fans during low cooking loads.
The EF and MAU are scheduled through the BAS to operate from 4am to 6pm daily.

During site investigations TEN noticed that there were excessive amounts of condensation
occurring on the underside of the hood, that there was significantly lower exhaust flow on
the side of the hood above the steam convection ovens, and that there was a large amount
of steam not being captured by the hood. Balancing reports located on-site show that the
EF was designed for 10,000 CFM, but is only providing 7,684 CFM, while the MAU is g
providing 8,723 CFM. The EF should be exhausting more air than the MAU is providing  rigure 5. Building 34 Kitchen
in order to keep the kitchen space negative as compared to surrounding spaces. Exhaust Hood
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Kitchen staff said that they had not seen indication of the EF or MAU varying flow. TEN did not find any
inspection or calibration reports on-site for the Green Energy Hood system to indicate that its sensors have
been kept calibrated and functional. Neither the EF, MAU nor the Green Energy Hood controls are visible
on the BAS to allow for verification of proper functioning.

Proposed Upgrade

TEN is operating under the assumption that the Green Energy Hood system is not functional and proposes
to install a new Melink Intelli-Hood system to restore the variable flow functionality of the EF and MAU.
TEN will also perform a Testing and Balance (TAB) of the EF and MAU to adjust air flow as close to the
design conditions as possible.

Scope of Work

e Perform TAB on EF and MAU

e Install Melink Intelli-Hood System on main hood

Install temperature and optic sensors

Install hood controllers and air purge units

Install low-voltage cabling to all components

Install VFDs on existing 5 HP EF and MAU motors

Install CAT5 communication cables from Intelli-Hood controllers to the VFDs
Perform programming, commissioning and customer training

O O O O O O

Maintenance Impact

Implementation of this scope will improve the humidity conditions in the kitchen which will slow corrosion
rates of equipment in the kitchen, prolonging their useful life. The sensors will have to be cleaned
periodically. During construction, as-built documents and operation & maintenance manuals for the new
equipment will be provided.

Training
Training will be provided on the proper maintenance and operation for the new exhaust fan controls, VFDs.
The training, coordinated by Bob Tobin will be electronically recorded for additional future reference.

Measurement and Verification (and Savings)
o 262 DTH Natural Gas (IPMVP Option C)
e 26,705 kWh Electricity (IPMVP Option B)

ECM 12 — Refrigeration Controls

Existing Conditions

The Building 34 Kitchen contains a total of nine walk-in
refrigeration units. Of the five walk-ins located inside the kitchen
area, four are refrigerators and one is a freezer. All of these five
walk-ins have relatively new condensing units. There are also four
larger walk-in units located in the warehouse/loading dock
adjacent to the kitchen; two refrigerators and two freezers. The
refrigerator units have box temperatures between 36°F and 38°F |
and utilize timed off-time defrosts. The freezer units have  Figure 6. Building 34 - Kitchen Warehouse Walk-In Freezer
temperatures between -5°F and -10°F and utilize electric resistance

defrosts. Of the three walk-in freezers, only one is utilizing demand-based defrosts, while the others are
implementing timed defrosts. The use of timed electric resistance defrosts results in wasted energy, both by

the defrost element and by the compressors which now have to remove that heat from the walk-in.
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The five kitchen area walk-ins all have 2-speed EC motors, which are very efficient. The four warchouse
walk-ins each appear to contain either shaded pole or permanent split capacitor fan motors with a single
speed. TEN also noted during site investigations that the suction line on one of the warehouse freezer walk-
ins was iced over. This is typically due to low refrigerant levels in the system. DHS Wernersville should
have their refrigeration service company check this system and recharge the refrigerant if necessary to
prevent any future issues.

Proposed Upgrade

TEN proposes to install NRM Cooltrol controllers on the four walk-in refrigeration units located in the
warehouse, including control of the one (1) walk-in freezer which currently uses timed defrosts, and to
replace the 14 existing evaporator fan motors in these four walk-ins with new EC motors. The Cooltrol
controllers will automatically cycle the evaporator fans to more tightly control box temperatures and will
only perform defrosts on the one freezer unit when frost build-up is detected on the evaporator coil.

Scope of Work

Install (4) Cooltrol controllers

Install (1) electric defrost kit

Replace (14) evaporator fan motors with EC motors

Integrate new controllers to existing evaporators

Provide all required low-voltage wiring

Provide programming, system commissioning and customer training

ECM 12.1 — Kitchen RTU Economizer

Existing Conditions

The Building 34 kitchen is served by a 6-ton cooling-only RTU with
DX coil. This unit uses 100% return air and is not capable of
economization. Due to the constant heat load in the kitchen, this unit
provides cooling throughout the year.

Proposed Upgrade

TEN proposes to install an economizer section on this RTU to take
advantage of free-cooling when the outside air temperature is less than
the return air temperature.

Scope of Work . :
Figure 7. Building 34 - Kitchen

Disconnect and remove a section of return ductwork at the RTU

Furnish and install economizer section at the return air opening

Reconnect the remaining ductwork to the economizer module

Furnish and install a barometric relief grille & hood on the return duct prior to the economizer
Integrate economizer module wiring harness into existing RTU controller

Maintenance Impact (ECMs 12 and 12.1)

The installation of the proposed refrigeration controls will require minimal maintenance attention. Use of
an economizer will reduce the load on the DX compressor and prolong its useful life.
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Training

Training will be provided on the proper maintenance and operation for the new economizer section and
refrigeration control system and any other ancillary equipment installed with this project. The in-person
training, coordinated by Bob Tobin, will be electronically recorded for future reference.

Measurement and Verification (and Savings)
Savings — ECM 12

o 23012 kWh Electric (IPMVP Option B)

Savings — Add ECM 12.1
9,712 kWh Electric (IPMVP Option B)

ECM 13 — Window Replacements (Not Currently Recommended — Long Payback)

Existing Conditions

Buildings 34, 35 and 37 each have old aluminum frame, single-pane windows installed throughout. Most
of these windows are combined with another layer of storm windows on the interior. Many of the window
frames contain gaps between them and the building frame, allowing outside air infiltration. These windows
are well beyond their expected useful life.

Proposed Upgrade

TEN proposes to replace windows in Buildings 34, 35 and 37 with new, energy efficient windows and
thermal panels. Most of the windows are 6 feet tall, which will allow for the installation of thermal panels
to cover half of the existing window openings while still allowing sufficient sunlight to enter the spaces.

Scope of Work e
e Building 34 and 35 (each)
o Install (288) new windows with %2 double-paned glazing
and Y4 thermal panel
o Install (30) new windows with double-paned glazing
e Building 37
o Install (392) new windows with %2 double-paned glazing
and Y4 thermal panel
e Caulk around the exterior of the new window frames to
eliminate infiltration

Maintenance Impact
The new windows will require less maintenance than the existing
windows, at least initially for tasks such as caulking. However, Figure 8. Building 34 - Windows
given the temporary nature of this, no dollar value is claimed.

Training
Training will be provided on the proper maintenance and operation of the new units. The training,
coordinated by Bob Tobin, will be recorded for additional future reference.

Measurement and Verification (and Savings)

. 780 DTH Natural Gas (IPMVP — Option C) | 3,865 kWh Electric (IPMVP — Option B)
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Monitoring and Maintenance

TEN’s ongoing monitoring and coordination of maintenance services is led by Wayne Chase, Director of
Post-Construction Services. Wayne is a certified Measurement and Verification Professional (CMVP) with
regard to the industry standard International Performance Measurement & Verification Protocol (IPMVP).
IPMVP was first established by the U.S. D.O.E., and has become the internationally recognized protocol for
performance measurement and verification (M&V). The IPMVP guidelines provide a consistent, reliable
approach to M&V around the world. Our M&V department is further supported by Greg Lok, TEN’s VP,
Engineering who also holds CM VP credentials and both regularly report project performance to our president
and chief operating officer Rob Campbell.

Wayne has already been engaged on the Wernersville project and the initial plan for M&V of proposed ECMs.
If selected, Wayne will be regularly engaging in developing a M&V plan for the project that will be reviewed
with DHS to ensure it addresses its expectations. This includes a cost benefit analysis to determine where
DHS would like to invest its M&V budget. For example, it makes the most sense to complete the most robust
and potentially costlier M&V approach on the ECMs that generate the largest magnitude of savings. This is
described in greater detail on the following pages. We focus on M&V early in the IGA process because the
M&V approach taken will dictate the pre-installation data required. If this step is delayed, a client and ESCO
may limit their M&V options.

Maintenance and Training

TEN does not require a maintenance agreement in conjunction with its guaranteed energy savings projects.
More often, our clients prefer to incorporate the maintenance of their new equipment into their current
maintenance routines or existing maintenance contracts with trusted vendors. We pay special attention to
select equipment that has proven reliable with good access to parts and repair services in the region. TEN
will provide training on all equipment installed under this GESA project. Certain ECMs such as the new
central plant equipment (boilers and feed water system upgrades) as well as the BAS will be quite extensive
& include new system operation. It will be coordinated by our project management team under the lead
direction of Bob Tobin and include members of TEN, subcontractors and factory representatives. We have
anticipated and recommend videotaping this training whenever possible so that it can be included and
organized with the project closeout information and available for future reference. All warranty work will be
coordinated by our project management team including attic stock which may be provided to expedite repair
while any equipment deficiencies are addressed. In instances, where a maintenance agreement is
warranted/desired, TEN can coordinate the provision and payment of those services through the GESA
project, if desired by DHS. Additional detail regarding training scope & assigned personnel is found with
each unique ECM writeup.

Operations and Maintenance Expense

We have carefully reviewed the operations and maintenance cost information provided in RFQ Appendix I,
All Utilities Spreadsheet, and Bulletin 2 to determine areas for O&M savings. While we have identified
meaningful savings due to replacement of existing maintenance intensive equipment, these upgrades in no
way eliminate the entire scope of work contained within your existing service agreements and parts and
material budgets. As such, we have been selective in the calculation of O&M savings which total no more
than 34% of the annualized amount identified in these documents. We look forward to carefully analyzing
these costs and fine tuning the reasonable application of O&M savings to the GESA project with the
Wernersville team. An O&M summary table is located on the Appendix 1 — 13 cover sheet.
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Measurement and Verification Approach (Method)

TEN has three (3) Certified Measurement and Verification Professionals (CMVP) on staff to provide a
guaranteed savings program based upon sound and proven engineering design principles that 1) isolate the
energy efficiency criteria for which TEN is responsible, and 2) specify those other parameters which are

beyond the TEN’s control.

TEN’s M&V is guided by the recommended core concepts and principles of the International Performance
Measurement & Verification Protocol (IPMVP), the industry standard for development and implementation
of M&V plans in energy savings projects. IPMVP provides four Options for determining savings (A, B, C
and D) as summarized in the following table:

IPMVP Option

A. Retrofit Isolation: Key
Parameter Measurement
Savings are determined by field

measurement of the key performance

parameter(s) which define the
energy use of the ECMs affected
system(s) and/or the success of the
project.

How Savings Are Calculated

Engineering calculation of
baseline and reporting period
energy from:

e Short-term or continuous
measurements of key operating
parameter(s); and

e Estimated values.

Typical Applications

A lighting retrofit where power draw is
the key performance parameter that is
measured periodically. Estimate operating
hours of the lights based on building
schedules and occupant behavior.

B. Retrofit Isolation: All
Parameter Measurement
Savings are determined by field

measurement of the energy use of
the ECM-affected system.

Short-term or continuous
measurements of baseline and
reporting period energy, and/or
engineering computations using
measurements of proxies of energy
use.

Application of a variable speed drive and
controls to a motor to adjust fan flow. In
the baseline period the power logger is in
place for a week to verify constant loading.
The meter is in place throughout the
reporting period to track variations in
power use and count kWh.

C. Whole Facility

Savings are determined by
measuring energy use at the whole
facility or sub-facility level.

Analysis of whole facility baseline
and reporting period (utility) meter
data. Routine adjustments as
required, using techniques such as
simple comparison or regression
analysis.

Multifaceted energy management program
affecting many systems in a facility.
Measure energy use with the gas and
electric utility meters for a twelve-month
baseline period and throughout the
reporting period.

D. Calibrated Simulation

Savings are determined through
simulation of the energy use of the
whole facility, or of a sub-facility.
Simulation routines are
demonstrated to adequately model
actual energy performance measured
in the facility.

Energy use simulation, calibrated
with hourly or monthly utility
billing data. Energy end use
metering may be used to help
refine input data.

Multifaceted energy management program
affecting many systems in a facility but
where no meter existed in the baseline
period. Energy use measurements, after
installation of gas and electric meters, are
used to calibrate a simulation.

The description below has been used to determine both pre-implementation (Baseline) and post-
implementation (Reporting Period) energy use for the average weather year.

Energy Savings = Baseline Energy Use TMY — Reporting Period Energy Use TMY + Adjustments
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The "Adjustments" term in this general equation brings energy use in the two-time periods to the same set of
conditions. Adjustments can be put into two categories, Routine and Non-Routine. Routine Adjustments are
factors that are expected to change such as weather, etc. Non-Routine Adjustments are factors that are not
expected such as added equipment, occupancy schedules, large construction projects, change in space use,
etc. Adjustments are derived from identifiable physical facts. Adjustments are commonly made to modify
the Reporting Period conditions back to the Static Factors of the baseline; in most cases, these corrections are
necessary to make a fair comparison. Such adjustment process yields savings, which are often described as
"avoided energy use" of the post-retrofit period. The levels of such savings are dependent on post-retrofit
period operating conditions. Adjustments may also be made to an agreed fixed set of conditions such as those
of the baseline or some other period. The level of savings computed in this situation is unaffected by post-
retrofit period conditions but reflects operation under a set of conditions which must be established in
advance.

For Measurement and Verification purposes, consideration is given to predictability, measurability, and the
likely impact of all plausible factors for the following categories —

*  Weather variation

*  Occupancy level and schedule of operation

* Installed equipment intensity and schedule

* Change in use of space through additions or remodeling

*  Occupant or user demand for services (e.g., temperature, plant output)

*  Appropriate use of the ECM consistent with manufacturer & training guidelines
»  Appropriate use of non-ECM equipment impacting ECM performance

* Equipment deterioration, both ECM-related equipment and non-ECM related

* Equipment life, both ECM and non-ECM related

TEN provides a 100% savings guarantee on our projects. Any savings shortfall is corrected at TEN’s
expense or paid directly to the customer. If TEN is unable to reconcile missed savings during a reconciliation
period then TEN will undertake, at its own expense, to bring that measure into compliance with the savings
guarantee. Ifthese efforts do not result in savings compliance, then TEN will pay the missed savings amount
directly to the customer for each reconciliation period during the term of the contract providing a 100%
savings guarantee.

Per the RFQ, TEN has included 3 years of measurement and verification in the cashflow, however we can
provide these services for the full project term, if desired.

Proposed Measurement and Verification Plan
Explanation of Guaranteed Savings Measurement and Verification methodology

a. Explanation in terms of dollars, not percentage

TEN proposes to initially meet with your representatives to discuss the cost benefit analysis of each
measurement and verification option for each measure and then determine the M&V plan. This discussion
will include how the measurements will be taken and for how long or how the utility information will be
obtained to determine the tasks required and the hours needed to perform the agreed upon plan. TEN then
will review the plan, scope of work, the personnel that will be performing the work. TEN’s team, including
Wayne Chase, and Greg Lok have extensive expertise in developing and performing measurement and
verification plans; however, we, in conjunction with you, determine what tasks TEN will perform and the
scope. We believe that this approach will not only provide you some control in arriving at M&V cost, but
also will reflect the actual cost to perform the work vs. just a percentage of hard costs, since the cost of the
project does not always correlate to the complexity and cost to measure and verify the results. At this
juncture, we have estimated the annual M&V cost as $15,000 for the two proposed projects.
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b. Methodology Compliance with the DGS Design Manual, General Conditions and the IPMVP

TEN follows the International Performance Measurement & Verification Protocol (IPMVP), the industry
standard for development and implementation of M&V plans in energy savings projects. IPMVP provides
four Options for determining savings (A, B, C and D). We will additionally review each ECM and M&V
approach to ensure compliance with DGS’s Design Manual and General Conditions prior to the final M&V
selections and cost benefit analysis identified above.

¢. Reasonableness and Transparency of the M&V Pricing Methodology
TEN will outline the tasks and time to complete tasks for the final selection of the M&V option for each

ECM and apply our disclosed hourly rates, and then review with you and DGS. TEN will utilize client

automation tools when possible, to minimize time and cost of M&V services, if approved by our
customer. M&V for ECMs 2, and 7 was omitted due to no additional savings for those ECMs.

A Electric Steam Coal Natural Fuel
ECM Number ECM Description - Mibs Tons  GasbtH  Oil Gals
1 LED Lighting. Int. & Ext. - Type A or C A N/A N/A N/A N/A
3 Weatherization N/A C N/A N/A N/A
4 Boiler Fuel Switch — Addl NG Steam B C C C C
Boilers.
5 Piping Insulation N/A C N/A C N/A
6 Decentralized Heating System B C N/A C N/A
8 Steam Traps N/A C N/A N/A N/A
9 Chiller Plant Modifications - RCx B N/A N/A N/A N/A
10 AHU Modifications & BAS Upgrades B C N/A N/A N/A
11 Kitchen Hood Controls B N/A N/A C N/A
12 Kitchen Systems - Refr. Controls B N/A N/A N/A N/A
12.1 Kitchen Systems - RTU Economizer B N/A N/A N/A N/A
13 Window Replacements B N/A N/A C N/A

Our proposed M&V plan focuses on Options B and C which is most appropriate method to show true
savings because of the interactions between the controls and equipment in the majority of the ECMs as well

as the large magnitude of savings achieved by the heating fuel switch.

Appendices:

Savings calculations and equipment cutsheets are placed in the appendices and tabbed with their

corresponding ECM number.
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Appendix 0 — Optional ECMs to Consider During the I[GA

ECM ESCO A — Cogeneration

Existing Conditions

The existing boiler plant is circa 1955 and consists of three coal fired boilers. The plant delivers 50 psig
steam to the campus. The boiler plant is metered and currently provides a peak load of 19,000 Mlbs of
steam to the campus according to owner supplied data.

There are a total of three (3) electrical feeds serving the campus to provide the required redundancy. Feeds
A and B enter at the boiler plant, are 2400kV and serve the entire campus. A separate 13.2kV feed enters
the campus and exclusively serves the chillers for building 34, 35 & 37.

An analysis of the existing thermal and electrical loads on campus reveals a good coincident load profile
conducive to combined heat and power (CHP) application.

Proposed Upgrade

TEN will install a new 800kW microturbine generator to
offset much of the onsite electrical consumption and
demand. Waste heat from the microturbine will be used
to produce steam and supplement the boiler plant.

In addition to reducing utility cost, Wernersville will
capture ongoing incentives from PPL associated with
capacity/transmission charges, as well as a one-time
rebate to help offset capital costs.

The new CHP will not only provide economic benefits to Wernersville but can also offer resiliency to the
entire campus in the event of a power outage.

Scope of Work

TEN will install a new 800kW microturbine generator at the existing boiler plant. The generator will be
located outdoors on the northeast side of the building and interconnected with the utility at the existing
2400kV substation. Additional switchgear will be installed on the southeast side of the building to facilitate
the interconnection.

We will install a waste heat boiler in the existing boiler plant. The boiler will utilize the waste heat from
microturbine to produce steam for the campus. The new boiler will utilize the existing plant infrastructure
to support its operation.

Maintenance Impact

o The waste heat boiler will be maintained by the existing plant operators and is typical of a high pressure
boiler.

e Microturbines are typically very reliable but do required maintenance at certain intervals. These units
will be maintained through a contract with the manufacturer’s representative. Cost for this maintenance
is normally based on $/kWh generated and is built into the energy savings model.
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ECM ESCO B — Install a Solar PV System

Existing Conditions

There has been an effort in the industry to emphasize the need for distributed energy due to electric grid
reliability issues. Renewable energy is a means of providing on-site electric generation for reliability and
provide an economic solution to reduce carbon and greenhouse gas emissions.

Currently, there isn’t on-site electric generation from renewable resources at Wernersville State Hospital.
However, because of available open areas and the ease of interconnection makes the facility suitable for
the installation of a photovoltaic (PV) solar array.

Proposed Upgrade

TEN will design, supply, install, commission, and test the
fully integrated and operational net-metered solar electric
renewable energy system. The installation of a solar array
will provide on-site generation of renewable electric
energy to offset purchased electricity used at the facility.

TEN is proposing the installation of a fixed 480 volt, 400
kW (DC) ground mounted system close to the farm
buildings (see picture). This location is south facing to
allow for maximum electric generation. It is also located
fairly close to the central plant building where it can be
tied into the electric distribution system.

The chiller plant and the campus electric meters can be
virtually net-metered.

Scope of Work

The PV array will be held in place with a galvanized steel rack mounted to either concrete piers or ballasted
posts. Conduit and power cable will be direct buried and delivered to the electric switchgear in the central
steam plant. Inverters will be provided to convert the direct current generated power to usable alternate
current electricity. Tie-in’s and disconnects will be installed in the existing main distribution panel.

Maintenance Impact

The new PV solar array will require periodic cleaning to maintain the maximum solar generating capacity
at the design levels. Also, periodic inspection of the power connections and inverters is recommended to
maintain operation and prevent failure.
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Appendix 1 —13: Core ECM Savings Calculations and Material Cutsheets

Each appendix tab number corresponds to the appropriate ECM number. The savings calculations and
cutsheets are separated by a color flysheet.

Appendix A- B:  ESCO Voluntary ECM Savings Calculations and Material
Cutsheets

Each appendix tab letter corresponds to the appropriate ESCO voluntary ECM letter. The savings
calculations and cutsheets are separated by a color flysheet.

Operations and Maintenance Savings — All ECMs

The following table summarizes the proposed operations and maintenance savings for the ECMs
contained in Appendix 1 - 13 and A — B.

ERRRY

a DLH company

O&M Savings
ECM Description Amount Notes Reference
1 LED Ltg. Int. & Ext. - Type A $ 6,363 |Material Savings: Reduced amount since Option A utilizes existing ballasts
1.1 LED Ltg. Add - Type C $ 10,271 [Material Savings: Additional amount when utilizing new lamps and drivers
2 Lighting Controls
3 Weatherization $
Reduced matinenance costs from eliminating coal boilers; 25% in water All Utilities Summary &
4 Boiler Fuel Switch - Addl. NG Stm Blrs. $ 18,390 [treatment costs. Bulletin #2
Reduced overtime labor costs (37%) when utilizing all new boilers, aeration
4.1 Add for All New NG Blrs + Plant Upgrades $ 17,105 |& boiler feeds RFQ Appendix I
5 Piping Insulation $
Same savings as ECM 4 & 4.1 combined, but subtracts $15,000 to All Utilities Summary,
6 Decentralized Heating System $ 20,495 |maintain 3 new HW plants Bulletin #2, and Appendix I
7 Steam Meters $
8 Steam Traps $
9 Chiller Plant Modifications - RCx $
9.1 Chiller Water Plant Modifications - New Chillers | $
ECM essentially upgrades the entire BAS which better allows WSH to go
10 AHU Modifications & BAS Upgrades $ 27,975 |from full mai ¢ to PM maintenance Appendix I
11 Kitchen Hood Controls $
12 Kitchen Systems - Refr. Controls $
12.1 Kitchen Systems - RTU Economizer $
13 Replace Windows $
ESCO A [Cogeneration $ (93,931)|Cost to maintain system annually
ESCO B _|Solar PV Array - Ground Mount $
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ECM #1
Interior & exterior light conversion to LED

Savings Calculations



ECM 1 LED Lighting Upgrade Savings Calculations

Summary

A summary of savings for each of the two lighting options is contained in spreadsheets on the following
pages. They are differentiated by their retrofit approach to existing linear fluorescent lamps that were most
recently retrofit in the Johnson Controls GESA project. The Type A retrofit is less expensive with slightly
less savings but a better payback. The non-linear lamp retrofits and new luminaries are consistent between
both options.
e Self-Funding Project — Type A TLED Lamp Retrofit (provides better payback to support ECM-4)
e Recommended Project — Upgrade from Type A to Type C TLED Lamp & Driver Retrofit

Energy Savings Calculations and Methodology

TEN calculated the energy and demand cost savings for this ECM by multiplying the energy and demand
savings for each applicable lamp/ballast combination (LBC) by the approved incremental energy costs. The
results of these calculations are summed for total electric demand and energy savings.

TEN calculated the energy savings under this ECM using the following formulas:

Where:
ESLIGHTING = Energy savings, in kWh, for the lighting retrofits
Pbase = Electrical power, in kW, per fixture for appropriate baseline LBC group
Ppost = Electrical power, in kW, per fixture for appropriate post-installation LBC group
Hbase = Existing annual operating hours defined by fixture’s pre hours group
Nbase = Number of fixtures in representative baseline LBC group
Npost = Number of fixtures in representative post-installation LBC group
Where:
DSLIGHTING = Monthly demand savings, in kW, for the lighting retrofits
Pbase = Electrical power, in kW, per fixture for appropriate baseline LBC group
Ppost = Electrical power, in kW, per fixture for appropriate post-installation LBC group
DFlighting = Hours group diversity factor
Nbase = Number of fixtures in representative baseline LBC group
Npost = Number of fixtures in representative post-installation LBC group

Operations & Maintenance Savings

Material Savings

Where:
ExAnlLpCost = Existing Burn Hours x Qty of Lamps x Lamp Unit $/Hour
ExAnlIBstCost = Existing Burn Hours x Qty of Ballasts x Ballast Unit $/Hour
PropAnlLpCost = Existing Burn Hours x Qty of Lamps x Lamp Unit $/Hour
PropAniBstCost = Existing Burn Hours x Qty of Ballasts x Ballast Unit $/Hour
PropAnlCost = Proposed Burn Hours x ((Qty of Lamps x Lamp Unit $/ Hour) + (Qty of

Ballasts x Ballast Unit $/Hour))

Annual Material Savings = ((Project Term X (Existing Anl Lp Matl § + Existing Anl Ballast Matl §)) -
((Project Term - Proposed Lp Warranty Period) X Proposed Anl Lp Matl $) + ((Project Term - Proposed
Ballast Warranty Period) x Proposed Anl Ballast Matl $))) +~ Project Term

Note: Labor savings not included due to in house labor.



Additional Detail on Existing Conditions

1 - Administration Building

The Administration Building is a historical 28,752-square-foot building with 7,388-square-feet currently in
use. The building houses the Pennsylvania State Hospital System Historical Archives and is a combination
of offices, work rooms and representative rooms for the artifacts. Existing systems are predominantly 25W
T8 linear fluorescent lamps retrofitted into older fixtures. Existing ceilings are hard and spline. The second
floor with a T12 linear fluorescent lighting system is currently not in use and is excluded from the current
scope.

3 — East Hall - South Mountain Workshop

The South Mountain Workshop Building is a 27,535-square-foot building which
serves as a space for vocational training. The space has large open work rooms,
offices, and storage spaces. Existing systems are predominantly 25W T8 linear
fluorescent lamps. Existing fixtures a combination of good and poor condition;
ceilings are drop with recessed fixtures and hard.

5 — Parkside House - Berks Co. Senior Citizens Building

The Berks Co. Senior Citizens Building is a 35,360-square-foot building of which
9,281-square-feet are currently in use. The building currently serves as a space for
Senior Citizens in the local community to meet for activities and provides
congregate meals at lunchtime. The space has large open meeting spaces, smaller
meeting areas and offices. Existing systems are predominantly 25W T8 linear
fluorescent lamps. Existing fixtures are in fair condition; ceilings are hard.

11 - Stone Barn — No Lights
The Stone Barn Building is a 6,095-square-foot building which provides storage. There are no lights in the
building.

12 - Storerooms

The Storerooms Building is a 44,532-square-foot building of which 30,112 is currently in use. The space
provides storage for large bulk items used daily by the Wernersville State Hospital Community. This
includes paper products, cleaning supplies, food products and other items. Existing systems are
predominantly 25W T8 linear fluorescent lamps. Existing fixtures are in good condition; ceilings are hard.
The open areas have 20-foot ceilings.

13 - Garage and Maintenance Office
The Garage and Maintenance Office Building is a 12,722-square-foot building that serves as a space for
offices, conference room, open garage area for maintenance and employee break room. Existing systems
are predominantly 25W T8 linear fluorescent lamps. Existing fixtures are
in good condition; ceilings are a combination of drop with recessed
fixtures and hard.

14 - Cold Storage and Maintenance Shops

The Cold Storage and Maintenance Shops Building is a 43,648-square-
foot building of which 39,148 square-feet is in-use. The building serves
as a space for shop areas for maintenance and storage for parts, lamps,
paint, and new light fixtures. Existing systems are predominantly 25W
T8 linear fluorescent lamps. Existing fixtures are in fair to poor
condition; ceilings are a combination of drop with surface mounted
fixtures, hard and open truss.




16 - Fire House

The Fire House Building is a 5,361-square-foot building that serves as a space for shop areas for offices,
educational training room and an open garage with an antique fire engine. Existing systems are
predominantly 25W T8 linear fluorescent lamps. Existing fixtures are in good condition; ceilings are a
combination of drop with surface mounted fixtures, hard and open truss.

17 - 17A Warehouse, 17C Cider Mill, 17D Farm Office, 17E Scale House, 17F Garage (Piggery Area)
—no lights and 17H Slaughterhouse — no lights

The 17 Buildings are 19,858-square-feet combined. The buildings are located on two sides of the campus
and are part of the original farm buildings. Existing systems are predominantly 25W T8 linear fluorescent
lamps. Existing fixtures are a combination good, fair, and poor condition; ceilings are a combination of
hard and open truss. These buildings, 17F Garage (Piggery Area) and 17F Slaughterhouse, do not have
lights.

24 & 25 — 240 Sewage Screen Chamber Pit, 25A — Cottage #1, 25B, Cottage #2, 25C Cottage #3, 25E
M Mill (Wels Shop & Storage) and 25F Wertz Cottage-Residence

The 24 & 25 Buildings are 17,436-square-feet combined. The 25 buildings provide housing and 240
supports the sewage for the housing. Existing systems are predominantly 13W GX23 2-Pin lamps in drum
fixtures and 25W T8 linear fluorescent lamps. Existing fixtures are in fair condition; ceilings are hard.
These buildings, 17F Garage (Piggery Area) and 17F Slaughterhouse, do not have lights.

26 — East Hall - Maintenance Shops

The Maintenance Shops is a 23,418-square-foot building that serves as a space for the wood working shop,
break room area and storage. Existing systems are predominantly 25W T8 linear fluorescent lamps. Existing
fixtures are in fair condition; ceilings are hard and open truss.

28 - Old Main Kitchen

The Old Main Kitchen Building is a 12,715-square-foot building which serves as storage for large bulk
items. This building is located next to the 12 — Storerooms Building. Existing systems are predominantly
25W T8 linear fluorescent lamps. Existing fixtures are in good condition; ceilings are hard and in poor
condition.

31 - Hill Hall

The Hill Hall Building is a 20,466-square-foot building that serves as a space for offices and conference
rooms. Existing systems are predominantly 25W T8 linear fluorescent lamps. Existing fixtures are in good
and fair condition; ceilings are a combination of drop with recessed fixtures and hard.

32 - Laundry

The Laundry Building is a 20,938-square-foot building which serves
as a space for laundry management and storage. Existing systems are
predominantly 25W T8 & TSHO linear fluorescent lamps. Existing
fixtures a combination of good and poor condition; ceilings are hard.
The large open areas have 20-foot ceilings.

33 - Boiler Plant

The Boiler Plant Building is a 20,642-square-foot building which
serves as a space for the coal-fired boiler plant. The space has large |
open room for the boiler plant, catwalk, offices, explosion proof
storage spaces and an exterior coal garage. The building operates continuously. Existing systems are
predominantly 25W T8 & T5HO linear fluorescent lamps. Existing fixtures a combination of good and poor
condition; ceilings are hard and open truss.




34 - Schuylkill Center

The Schuylkill Building is a 122,577-square-foot building that serves patients, staff, nurses, and doctors.
The building has offices, conference rooms, patient rooms, day rooms, patient services, restrooms,
cafeterias, and kitchens. Existing systems are predominantly 25W T8 linear fluorescent lamps. Existing
fixtures are a combination of good, fair, and poor condition; ceilings are drop with recessed fixtures, hard,
open truss, and spline.

35 - Lebanon Center (West Hall)

The Schuylkill Building is a 116,977-square-foot building that serves patients, staff, nurses, and doctors.
The building has offices, conference rooms, patient rooms, day rooms, patient services, restrooms,
cafeterias, and kitchens. Existing systems are predominantly 25W T8 linear fluorescent lamps. Existing
fixtures are a combination of good, fair, and poor condition; ceilings are drop with recessed fixtures, hard,
open truss, and spline.

37 - Berks Center

The Schuylkill Building is a 116,211-square-foot building that serves patients, staff, nurses, and doctors.
The building has offices, conference rooms, patient rooms, day rooms, patient services, restrooms,
cafeterias, kitchens, and mechanical rooms. Existing systems are predominantly 25W T8 linear fluorescent
lamps. Existing fixtures are a combination of good, fair, and poor condition; ceilings are drop with recessed
fixtures, hard, open truss, and spline.

Exterior Lighting

The exterior lighting includes the Tunnel System, Shoe Box style pole lighting, Wall Packs, Canopy lights,
Dusk-to-Dawn, and Jelly Jar luminaires.



ECM 1 - Predominantly Type A Retrofit in addition to other luminaire retrofits / replacements

Wernersville State Hospital

GESA 2021-2
Job:  Wernersville State Hospital
Number
Number of Hours of | Total kW |of Fixtures Post Total kW
Location Fixtures Pre|Pre Description Pre Watts| Operation Pre Post Post Description Watts Post |kW Saved| kWH Saved
Building 1 1 80-watt CFL Canopy 85 4380 0.085 1 New LED Canopy 30w 30 0.03 0.055 240.9
Building 1 5 1x4 1L 25-watt wrap 23 2550 0.115 5 Type A LED 10 0.05 0.065 165.75
Building 1 26 1x4 2L 25-watt wrap 44 2550 1.144 26 Type A LED 20 0.52 0.624 1591.2
Building 1 12 1x8 2L Wrap HBF 59 2550 0.708 12 Type A LED 20 0.24 0.468 1193.4
Building 1 4 2/13 Drum 30 2550 0.12 4 Retro kit 15 0.06 0.06 153
Building 1 2 2L 52-watt CFL WP 58 2550 0.116 2 WP LED 25 0.05 0.066 168.3
Building 1 6 3/13-watt Drum 43 2550 0.258 6 Retro kit 15 0.09 0.168 428.4
Building 1 1 1L 17-watt LBF 15 2550 0.015 1 Type A LED 8 0.008 0.007 17.85
Building 1 1 2L 25-watt HBF 59 2550 0.059 1 Type A LED 20 0.02 0.039 99.45
Building 1 12 2L 25-watt LBF 38 2550 0.4572 12 Type A LED 20 0.24 0.2172 553.86
Building 1 2 41 25-watt LBF 77 2550 0.154 2 Type A LED 48 0.096 0.058 147.9
Building 3 12 1x4 1L 25-watt wrap 23 2550 0.276 12 Type A LED 10 0.12 0.156 397.8
Building 3 2 2/13 Drum 30 2550 0.06 2 Retro kit 15 0.03 0.03 76.5
Building 3 37 Exit LED 2 8760 0.074 37 N/R 2 0.074 0 0
Building 3 21 1L 25-watt 23 2550 0.483 21 Type A LED 10 0.21 0.273 696.15
Building 3 5 2L 25-watt HBF 59 2550 0.295 5 Type A LED 20 0.1 0.195 497.25
Building 3 204 2L 25-watt LBF 38 2550 7.7724 204 Type A LED 20 4.08 3.6924 9415.62
Building 5 3 100 Watt Metal Halide Canopy 125 4380 0.375 3 New LED Canopy 30w 30 0.09 0.285 1248.3
Building 5 4 100 Watt Metal Halide Wall Pack 125 4380 0.5 4 New 30 Watt LED Wall Pack 30 0.12 0.38 1664.4
Building 5 10 120 watt Induction WP 130 4380 1.3 10 New WP 52 0.52 0.78 3416.4
Building 5 48 1x4 1L 25-watt wrap 23 2550 1.104 48 Type A LED 10 0.48 0.624 1591.2
Building 5 56 1x8 2L Wrap HBF 59 2550 3.304 56 Type A LED 20 1.12 2.184 5569.2
Building 5 12 Exit LED 2 8760 0.024 12 N/R 2 0.024 0 0
Building 5 1 1L 25-watt LBF 21 2550 0.021 1 Type A LED 10 0.01 0.011 28.05
Building 5 73 2L 25-watt LBF 38 2550 2.7813 73 Type A LED 20 1.46 1.3213 3369.315
Building 12 39 1x8 2L Wrap HBF 59 2550 2.301 39 Type A LED 20 0.78 1.521 3878.55
Building 12 1 2/13 Drum 29 2550 0.029 1 Retro kit 15 0.015 0.014 35.7
Building 12 2 3/13 Drum 42 2550 0.084 2 Retro kit 15 0.03 0.054 137.7
Building 12 17 4L T5 Hibay 236 2550 4.012 17 Type A LED 90 1.53 2.482 6329.1
Building 12 4 Exit LED 2 8760 0.008 4 N/R 2 0.008 0 0
Building 12 7 2L 25-watt HBF 59 2550 0.413 7 Type A LED 20 0.14 0.273 696.15
Building 12 25 2L 25-watt LBF 38 2550 0.9525 25 Type A LED 20 0.5 0.4525 1153.875
Building 13 3 1x4 1L 25-watt wrap 23 2550 0.069 3 Type A LED 10 0.03 0.039 99.45
Building 13 8 2/13 Sconce 30 2550 0.24 8 Retro kit 15 0.12 0.12 306
Building 13 1 3/13 Drum 42 2550 0.042 1 Retro kit 15 0.015 0.027 68.85
Building 13 28 2L 25-watt HBF 59 2550 1.652 28 Type A LED 20 0.56 1.092 2784.6
Building 13 28 2L 25-watt LBF 38 2550 1.0668 28 Type A LED 20 0.56 0.5068 1292.34
Building 13 15 4L 25-watt LBF 77 2550 1.155 15 Type A LED 48 0.72 0.435 1109.25
Building 14 35 1x4 1L 25-watt wrap 23 2550 0.805 35 Type A LED 10 0.35 0.455 1160.25
Building 14 12 1x4 2L 25-watt wrap 44 2550 0.528 12 Type A LED 20 0.24 0.288 734.4
Building 14 45 1x8 2L Wrap HBF 59 2550 2.655 45 Type A LED 20 0.9 1.755 4475.25
Building 14 3 2/13 Drum 30 2550 0.09 3 Retro kit 15 0.045 0.045 114.75
Building 14 6 Exit LED 2 8760 0.012 6 N/R 2 0.012 0 0
Building 14 10 2L 25-watt HBF 59 2550 0.59 10 Type A LED 20 0.2 0.39 994.5
The Efficiency Network 1 Wernersville lighting calcs Type A.xlsx
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Wernersville State Hospital

GESA 2021-2
Job:  Wernersville State Hospital
Number
Number of Hours of | Total kW |of Fixtures Post Total kW
Location Fixtures Pre|Pre Description Pre Watts| Operation Pre Post Post Description Watts Post |kW Saved| kWH Saved
Building 14 64 2L 25-watt LBF 38 2550 2.4384 64 Type A LED 20 1.28 1.1584 2953.92
Building 14 14 2L 25-watt LBF 38 2550 0.5334 14 Type A LED 20 0.28 0.2534 646.17
Building 16 2 100 Watt Metal Halide Wall Pack 125 4380 0.25 2 New 30 Watt LED Wall Pack 30 0.06 0.19 832.2
Building 16 17 1x4 1L 25-watt wrap 23 2550 0.391 17 Type A LED 10 0.17 0.221 563.55
Building 16 1 1x8 2L Wrap HBF 59 2550 0.059 1 Type A LED 20 0.02 0.039 99.45
Building 16 6 2L 25-watt HBF 59 2550 0.354 6 Type A LED 20 0.12 0.234 596.7
Building 16 8 41 25-watt LBF 77 2550 0.616 8 Type A LED 48 0.384 0.232 591.6
Building 26 2 1x4 1L 25-watt wrap 23 2550 0.046 2 Type A LED 10 0.02 0.026 66.3
Building 26 12 1x4 2L 25-watt wrap 44 2550 0.528 12 Type A LED 20 0.24 0.288 734.4
Building 26 32 1x8 2L Wrap HBF 59 2550 1.888 32 Type A LED 20 0.64 1.248 3182.4
Building 26 8 1x8 2L Wrap HBF 59 2550 0.472 8 Type A LED 20 0.16 0.312 795.6
Building 26 17 2/13 Drum 30 2550 0.51 17 Retro kit 15 0.255 0.255 650.25
Building 26 4 3/13 Drum 42 2550 0.168 4 Retro kit 15 0.06 0.108 275.4
Building 26 17 Exit LED 2 8760 0.034 17 N/R 2 0.034 0 0
Building 26 13 2L 25-watt 44 2550 0.572 13 Type A LED 20 0.26 0.312 795.6
Building 26 69 2L 25-watt LBF 38 2550 2.6289 69 Type A LED 20 1.38 1.2489 3184.695
Building 26 6 3L 25-watt LBF 62 2550 0.372 6 Type A LED 36 0.216 0.156 397.8
Building 28 25 1x4 1L 25-watt wrap 23 2550 0.575 25 Type A LED 10 0.25 0.325 828.75
Building 28 64 1x8 2L Wrap HBF 59 2550 3.776 64 Type A LED 20 1.28 2.496 6364.8
Building 28 15 2/13 Drum 30 2550 0.45 15 Retro kit 15 0.225 0.225 573.75
Building 28 2 Exit LED 2 8760 0.004 2 N/R 2 0.004 0 0
Building 28 24 1L 25-watt LBF 21 2550 0.504 24 Type A LED 10 0.24 0.264 673.2
Building 28 1 2L 17-watt LBF 33 2550 0.033 1 Type A LED 16 0.016 0.017 43.35
Building 28 4 2L 25-watt HBF 59 2550 0.236 4 Type A LED 20 0.08 0.156 397.8
Building 28 17 2L 25-watt LBF 38 2550 0.6477 17 Type A LED 20 0.34 0.3077 784.635
Building 31 8 25 CFL 25 2500 0.2 8 Screw-In 11 0.088 0.112 280
Building 31 69 1x4 1L 25-watt wrap 23 2500 1.587 69 Type A LED 10 0.69 0.897 2242.5
Building 31 2 2/13 Drum 30 2500 0.06 2 Retro kit 15 0.03 0.03 75
Building 31 8 3/13 Drum 42 2500 0.336 8 Retro kit 15 0.12 0.216 540
Building 31 24 Exit LED 2 8760 0.048 24 N/R 2 0.0438 0 0
Building 31 3 1L 25-watt LBF 21 2500 0.063 3 Type A LED 10 0.03 0.033 82.5
Building 31 25 2L 17-watt LBF 31 2500 0.775 25 Type A LED 16 0.4 0.375 937.5
Building 31 21 2L 25-watt HBF 59 2500 1.239 21 Type A LED 20 0.42 0.819 2047.5
Building 32 6 26 CFL WP 28 4380 0.168 6 New WP 10 0.06 0.108 473.04
Building 32 2 80-watt CFL Canopy 85 4380 0.17 2 New LED Canopy 30w 30 0.06 0.11 481.8
Building 32 8 1x4 1L 25-watt Wrap 23 2500 0.184 8 Type A LED 10 0.08 0.104 260
Building 32 4 2/13 Drum 30 2500 0.12 4 Retro kit 15 0.06 0.06 150
Building 32 33 4L T5 Hibay 236 2500 7.788 33 Type A LED 90 2.97 4.818 12045
Building 32 9 2L 25-watt LBF 38 2500 0.3429 9 Type A LED 20 0.18 0.1629 407.25
Building 32 12 2L 25-watt 44 2500 0.528 12 Type A LED 20 0.24 0.288 720
Building 32 4 41 25-watt LBF 77 2500 0.308 4 Type A LED 48 0.192 0.116 290
Building 33 3 120 watt Induction WP 130 4380 0.39 3 New WP 52 0.156 0.234 1024.92
Building 33 22 200 Induction WP 215 4380 4.73 22 New WP 85 1.87 2.86 12526.8
Building 33 4 26 CFL WP 28 4380 0.112 4 New WP 12 0.048 0.064 280.32
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Number
Number of Hours of | Total kW |of Fixtures Post Total kW
Location Fixtures Pre|Pre Description Pre Watts| Operation Pre Post Post Description Watts Post |kW Saved| kWH Saved
Building 33 30 1x4 1L 25-watt wrap 23 5400 0.69 30 Type A LED 10 0.3 0.39 2106
Building 33 40 1x4 2L 25-watt wrap 44 5400 1.76 40 Type A LED 20 0.8 0.96 5184
Building 33 43 2/13 Drum 30 5400 1.29 43 Retro kit 15 0.645 0.645 3483
Building 33 35 4L T5 Hibay 236 5400 8.26 35 Type A LED 95 3.325 4.935 26649
Building 33 1 2L 17-watt LBF 31 5400 0.031 1 Type A LED 16 0.016 0.015 81
Building 33 61 2L 25-watt LBF 38 5400 2.3241 61 Type A LED 20 1.22 1.1041 5962.14
Building 34 7 120 watt Induction WP 130 4380 0.91 7 New WP 52 0.364 0.546 2391.48
Building 34 2 26 CFL WP 28 4380 0.056 2 New WP 12 0.024 0.032 140.16
Building 34 20 1x4 1L 25-watt wrap 23 5400 0.46 20 Type A LED 10 0.2 0.26 1404
Building 34 2 1x4 2L 25-watt wrap 44 5400 0.088 2 Type A LED 20 0.04 0.048 259.2
Building 34 27 2/13 Drum 30 5400 0.81 27 Retro kit 15 0.405 0.405 2187
Building 34 11 2/13 Can 30 5400 0.33 11 Retro kit 15 0.165 0.165 891
Building 34 11 2/13 Sconce 30 5400 0.33 11 Retro kit 15 0.165 0.165 891
Building 34 30 3/13 Drum 42 5400 1.26 30 Retro kit 15 0.45 0.81 4374
Building 34 25 31 T5 Hibay 177 5400 4.425 25 Type A LED 70 1.75 2.675 14445
Building 34 32 4L T5 Hibay 236 5400 7.552 32 Type A LED 95 3.04 4.512 24364.8
Building 34 17 Exit LED 2 8760 0.034 17 N/R 2 0.034 0 0
Building 34 93 1L 25-watt LBF 21 5400 1.953 93 Type A LED 10 0.93 1.023 5524.2
Building 34 37 2L 17-watt LBF 31 5400 1.147 37 Type A LED 16 0.592 0.555 2997
Building 34 29 2L 17-watt 33 5400 0.957 29 Type A LED 16 0.464 0.493 2662.2
Building 34 105 2L 25-watt HBF 59 5400 6.195 105 Type A LED 20 21 4.095 22113
Building 34 626 2L 25-watt LBF 38 5400 23.8506 626 Type A LED 20 12.52 11.3306 | 61185.24
Building 34 10 3L 25-watt LBF 58 5400 0.58 10 Type A LED 36 0.36 0.22 1188
Building 34 30 4L 25-watt LBF 77 5400 2.31 30 Type A LED 48 1.44 0.87 4698
Building 35 7 120 watt Induction WP 130 4380 0.91 7 New WP 52 0.364 0.546 2391.48
Building 35 2 26 CFL WP 28 4380 0.056 2 New WP 12 0.024 0.032 140.16
Building 35 20 1x4 1L 25-watt wrap 23 5400 0.46 20 Type A LED 10 0.2 0.26 1404
Building 35 2 1x4 2L 25-watt wrap 44 5400 0.088 2 Type A LED 20 0.04 0.048 259.2
Building 35 27 2/13 Drum 30 5400 0.81 27 Retro kit 15 0.405 0.405 2187
Building 35 11 2/13 Can 30 5400 0.33 11 Retro kit 15 0.165 0.165 891
Building 35 11 2/13 Sconce 30 5400 0.33 11 Retro kit 15 0.165 0.165 891
Building 35 30 3/13 Drum 42 5400 1.26 30 Retro kit 15 0.45 0.81 4374
Building 35 25 31 T5 Hibay 177 5400 4.425 25 Type A LED 70 1.75 2.675 14445
Building 35 32 4L T5 Hibay 236 5400 7.552 32 Type A LED 95 3.04 4.512 24364.8
Building 35 17 Exit LED 2 8760 0.034 17 N/R 2 0.034 0 0
Building 35 93 1L 25-watt LBF 21 5400 1.953 93 Type A LED 10 0.93 1.023 5524.2
Building 35 37 2L 17-watt LBF 31 5400 1.147 37 Type A LED 16 0.592 0.555 2997
Building 35 29 2L 17-watt 33 5400 0.957 29 Type A LED 16 0.464 0.493 2662.2
Building 35 105 2L 25-watt HBF 59 5400 6.195 105 Type A LED 20 21 4.095 22113
Building 35 626 2L 25-watt LBF 38 5400 23.8506 626 Type A LED 20 12.52 11.3306 | 61185.24
Building 35 10 3| 25-watt LBF 58 5400 0.58 10 Type A LED 36 0.36 0.22 1188
Building 35 30 41 25-watt LBF 77 5400 2.31 30 Type A LED 48 1.44 0.87 4698
Building 37 78 1x4 1L 25-watt Wrap 23 5400 1.794 78 Type A LED 10 0.78 1.014 5475.6
Building 37 5 1x4 2L 25-watt wrap 44 5400 0.22 5 Type A LED 20 0.1 0.12 648
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Building 37 23 1x4 4L 25-watt Wrap 85 5400 1.955 23 Type A LED 48 1.104 0.851 4595.4
Building 37 3 2/13 Drum 30 5400 0.09 3 Retro kit 15 0.045 0.045 243
Building 37 4 3/13 Drum 30 5400 0.12 4 Retro kit 15 0.06 0.06 324
Building 37 15 2L 25-watt 44 5400 0.66 15 Type A LED 20 0.3 0.36 1944
Building 37 2 1L 17-watt LBF 15 5400 0.03 2 Type A LED 8 0.016 0.014 75.6
Building 37 11 1L 25-watt LBF 21 5400 0.231 11 Type A LED 10 0.11 0.121 653.4
Building 37 2 2L 17-watt LBF 31 5400 0.062 2 Type A LED 16 0.032 0.03 162
Building 37 33 2L 17-watt 33 5400 1.089 33 Type A LED 16 0.528 0.561 3029.4
Building 37 417 2L 25-watt HBF 59 5400 24.603 417 Type A LED 20 8.34 16.263 87820.2
Building 37 450 2L 25-watt LBF 38 5400 17.145 450 Type A LED 20 9 8.145 43983
Building 37 26 2L 25-watt 44 5400 1.144 26 Type A LED 20 0.52 0.624 3369.6
Building 37 48 2L 25-watt 44 5400 2.112 48 Type A LED 20 0.96 1.152 6220.8
Building 37 18 4L 25-watt LBF 77 5400 1.386 18 Type A LED 48 0.864 0.522 2818.8
Tunnel 30 25 CFL 25 2500 0.75 30 Screw-In 11 0.33 0.42 1050
Tunnel 101 1x8 2L Wrap HBF 59 2500 5.959 101 Type A LED 20 2.02 3.939 9847.5
Tunnel 22 1x8 2L Wrap LBF 38 2500 0.836 22 Type A LED 20 0.44 0.396 990
Tunnel 114 2L 25-watt 44 2500 5.016 114 Type A LED 20 2.28 2.736 6840
Tunnel 27 1L 25-watt LBF 21 2500 0.567 27 Type A LED 10 0.27 0.297 742.5
Tunnel 1 3L 25-watt LBF 58 2500 0.058 1 Type A LED 36 0.036 0.022 55
Exterior #34 13 100 Watt HPS Shoe box 125 4380 1.625 13 New 40 Watt LED Shoe box 40 0.52 1.105 4839.9
Exterior #34 10 100 Watt Metal Halide Wall Pack w/Photocell 125 4380 1.25 10 New 30 Watt LED Wall Pack w/ Photocell 30 0.3 0.95 4161
Exterior #34 12 100 Watt Metal Halide Canopy 125 4380 1.5 12 New 27 Watt LED Canopy 27 0.324 1.176 5150.88
Exterior #34 5 20 Watt LED Canopy 20 4380 0.1 5 N/R 20 0.1 0 0
Exterior #35 6 32 Watt Plug-In CFL 36 4380 0.216 6 Retrofit with (1) 15.5 Watt LED Plug-In Lamp 15.5 0.093 0.123 538.74
Exterior #35 9 100 Watt HPS Shoe box 125 4380 1.125 9 New 40 Watt LED Shoe box 40 0.36 0.765 3350.7
Exterior #35 4 100 Watt Metal Halide Wall Pack w/Photocell 125 4380 0.5 4 New 30 Watt LED Wall Pack w/ Photocell 30 0.12 0.38 1664.4
Exterior #35 1 400 Watt HPS Flood 464 4380 0.464 1 New 135 Watt LED Flood 135 0.135 0.329 1441.02
Exterior #35 4 LED Cobra 75 4380 0.3 4 N/R 75 0.3 0 0
Exterior #35 3 100 Watt Metal Halide Canopy 125 4380 0.375 3 New 27 Watt LED Canopy 27 0.081 0.294 1287.72
Exterior #37 26 100 Watt HPS Shoe box 125 4380 3.25 26 New 40 Watt LED Shoe box 40 1.04 2.21 9679.8
Exterior #37 1 23 Watt CF Screw-In 12x12 Canopy 23 4380 0.023 1 Re-Lamp with (1) 15 Watt LED A19 15 0.015 0.008 35.04
Exterior #37 7 100 Watt Metal Halide Wall Pack w/Photocell 125 4380 0.875 7 New 30 Watt LED Wall Pack w/ Photocell 30 0.21 0.665 2912.7
Exterior #37 2 32 Watt Plug-In CFL Wall Pack 36 4380 0.072 2 New 30 Watt LED Wall Pack 30 0.06 0.012 52.56
Exterior #37 4 100 Watt Metal Halide Canopy 125 4380 0.5 4 New 27 Watt LED Canopy 27 0.108 0.392 1716.96
Exterior #37 1 LED Flood 25 4380 0.025 1 N/R 25 0.025 0 0
Exterior #37 2 23 Watt CF Screw-In Coach 23 4380 0.046 2 Re-Lamp with (1) 15 Watt LED A19 15 0.03 0.016 70.08
Exterior HOSPITAL PLANT 3 50 Watt HPS Wall Pack 70 4380 0.21 3 New 30 Watt LED Wall Pack 30 0.09 0.12 525.6
Exterior HOSPITAL PLANT 1 175 Watt Mercury Vapor Dusk to Dawn 210 4380 0.21 1 New 40 Watt LED Dusk to Dawn 40 0.04 0.17 744.6
Exterior HOSPITAL PLANT 1 70 Watt HPS Shoe box 90 4380 0.09 1 New 40 Watt LED Shoe box 40 0.04 0.05 219
MAIN STREET LIGHTING 15 250 Watt HPS Shoe box 300 4380 4.5 15 New 70 Watt LED Shoe box 70 1.05 3.45 15111
SPORTSMAN RD 9 250 Watt HPS Shoe box 300 4380 2.7 9 New 70 Watt LED Shoe box 70 0.63 2.07 9066.6
PARKING LOT A 4 100 Watt HPS Shoe box 125 4380 0.5 4 New 40 Watt LED Shoe box 40 0.16 0.34 1489.2
PARKING ADJ. TO 34 4 100 Watt HPS Shoe box 125 4380 0.5 4 New 40 Watt LED Shoe box 40 0.16 0.34 1489.2
BY COTTAGES 3 100 Watt HPS Shoe box 125 4380 0.375 3 New 40 Watt LED Shoe box 40 0.12 0.255 1116.9
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Exterior #34 2 50 Watt Metal Halide RLM 72 4380 0.144 2 New 26 Watt LED Post Top; Gray 26 0.052 0.092 402.96
Exterior #34 6 23 Watt CFl Wall pack 23 4380 0.138 6 New 23 Watt LED Wall Pack 23 0.138 0 0
Exterior #34 1 80 Watt HID Induction Wall Pack 83 4380 0.083 1 New 27 Watt LED Flood; Difficult Access 27 0.027 0.056 245.28
Exterior #34 1 150 Watt HPS Wall Pack 185 4380 0.185 1 New 40 Watt LED Wall Pack 40 0.04 0.145 635.1
Exterior #35 2 23 Watt CF Canopy 23 4380 0.046 2 New 10 Watt LED Canopy 12 0.024 0.022 96.36
Exterior #35 4 LED Wallpack 15 4380 0.06 4 N/R 15 0.06 0 0
Exterior #35 8 150 Watt Metal Halide Wall Pack 185 4380 1.48 8 New 40 Watt LED Wall Pack 40 0.32 1.16 5080.8
Exterior #35 1 175 Watt Mercury Vapor Dusk to Dawn 210 4380 0.21 1 New 40 Watt LED Dusk to Dawn 40 0.04 0.17 744.6
Exterior #35 1 80 Watt HID Induction Wall Pack 83 4380 0.083 1 New 27 Watt LED Flood; Difficult Access 27 0.027 0.056 245.28
Exterior #35 1 150 Watt Metal Halide Canopy 185 4380 0.185 1 New 40 Watt LED Canopy 40 0.04 0.145 635.1
Exterior #37 5 LED Wallpack 15 4380 0.075 5 N/R 15 0.075 0 0
Exterior #37 1 100 Watt Metal Halide Wall Pack 125 4380 0.125 1 New 30 Watt LED Wall Pack 30 0.03 0.095 416.1
Exterior #37 4 LED Wallpack 15 4380 0.06 4 N/R 15 0.06 0 0
Exterior #37 1 23 Watt CF Jelly Jar; Photocell 23 4380 0.023 1 New 20 Watt LED Jelly Jar 20 0.02 0.003 13.14
Exterior #37 1 70 Watt Metal Halide Wall Pack 94 4380 0.094 1 New 30 Watt LED Wall Pack 30 0.03 0.064 280.32
Exterior #37 1 150 Watt Metal Halide Canopy 185 4380 0.185 1 New 40 Watt LED Canopy 40 0.04 0.145 635.1
Exterior #37 1 23 Watt CF Jelly Jar 23 4380 0.023 1 New 20 Watt LED Jelly Jar 20 0.02 0.003 13.14
HOSPITAL PLANT 2 26 Watt CFL Plug-In Wall pack 26 4380 0.052 2 New 23 Watt LED Wall Pack 23 0.046 0.006 26.28
HOSPITAL PLANT 3 26 Watt CF Wall Pack 26 4380 0.078 3 New 23 Watt LED Wall Pack 23 0.069 0.009 39.42
HOSPITAL PLANT 1 23 Watt CF RLM Fixture 23 4380 0.023 1 Re-Lamp with (1) 15 Watt LED A19 15 0.015 0.008 35.04
MAIN STREET LIGHTING 1 LED Wallpack 15 4380 0.015 1 N/R 15 0.015 0 0
SPORTSMAN RD 3 150 Watt Metal Halide Wall Pack 185 4380 0.555 3 New 40 Watt LED Wall Pack 40 0.12 0.435 1905.3
PARKING LOT A 1 150 Watt Metal Halide Canopy 185 4380 0.185 1 New 40 Watt LED Canopy 40 0.04 0.145 635.1
PARKING ADJ. TO 34 1 150 Watt Metal Halide Wall Pack; Difficult Access 185 4380 0.185 1 New 40 Watt LED Wall Pack; Difficult Access 40 0.04 0.145 635.1
BY COTTAGES 2 LED Canopy 20 4380 0.04 2 N/R 20 0.04 0 0
Exterior #05 1 23 Watt CF Coach Pole 23 4380 0.023 1 Re-Lamp with (1) 15 Watt LED A19 15 0.015 0.008 35.04
Exterior #05 2 100 Watt Metal Halide Wall Pack 125 4380 0.25 2 New 30 Watt LED Wall Pack 30 0.06 0.19 832.2
Exterior #05 1 LED Canopy 20 4380 0.02 1 N/R 20 0.02 0 0
Exterior#05 1 23 Watt CF Coach Pole 23 4380 0.023 1 Re-Lamp with (1) 15 Watt LED A19 15 0.015 0.008 35.04
Exterior #01 2 100 Watt Metal Halide Wall Pack 125 4380 0.25 2 New 30 Watt LED Wall Pack 30 0.06 0.19 832.2
Exterior #16 1 LED Canopy 20 4380 0.02 1 N/R 20 0.02 0 0
Exterior #26/3 1 23 Watt CF Coach Pole 23 4380 0.023 1 Re-Lamp with (1) 15 Watt LED A19 15 0.015 0.008 35.04
Exterior #26/3 2 100 Watt Metal Halide Wall Pack 125 4380 0.25 2 New 30 Watt LED Wall Pack 30 0.06 0.19 832.2
Exterior #26/3 1 23 Watt CF Jelly Jar 23 4380 0.023 1 New 20 Watt LED Jelly Jar 20 0.02 0.003 13.14
Exterior #28/12 1 175 Watt Mercury Vapor Dusk to Dawn 210 4380 0.21 1 New 40 Watt LED Dusk to Dawn 40 0.04 0.17 744.6
Exterior #28/12 1 23 Watt Compact Fluorescent ;Difficult Access 23 4380 0.023 1 Re-Lamp with (1) 15 Watt LED A19; Very Difficult Access 15 0.015 0.008 35.04
Exterior #28/12 1 26 Watt CFL Plug-In Flood 26 4380 0.026 1 New 15 Watt LED Flood Light 15 0.015 0.011 48.18
Exterior #14 2 LED Canopy 20 4380 0.04 2 N/R 20 0.04 0 0

5,650 289.06 5,650 124.8 164.2 729,607

Derate for existing ballasts 5%
693,126
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Building 1 1 80-watt CFL Canopy 85 4380 0.085 1 New LED Canopy 30w 30 0.03 0.055 240.9
Building 1 5 1x4 1L 25-watt wrap 23 2550 0.115 5 Type C LED 10 0.05 0.065 165.75
Building 1 26 1x4 2L 25-watt wrap 44 2550 1.144 26 Type C LED 20 0.52 0.624 1591.2
Building 1 12 1x8 2L Wrap HBF 59 2550 0.708 12 Type C LED 20 0.24 0.468 1193.4
Building 1 4 2/13 Drum 30 2550 0.12 4 Retro kit 15 0.06 0.06 153
Building 1 2 2L 52-watt CFL WP 58 2550 0.116 2 WP LED 25 0.05 0.066 168.3
Building 1 6 3/13-watt Drum 43 2550 0.258 6 Retro kit 15 0.09 0.168 428.4
Building 1 1 1L 17-watt LBF 15 2550 0.015 1 Type C LED 8 0.008 0.007 17.85
Building 1 1 2L 25-watt HBF 59 2550 0.059 1 Type C LED 20 0.02 0.039 99.45
Building 1 12 2L 25-watt LBF 38 2550 0.4572 12 Type C LED 20 0.24 0.2172 553.86
Building 1 2 4L 25-watt LBF 77 2550 0.154 2 Type C LED 48 0.096 0.058 147.9
Building 3 12 1x4 1L 25-watt wrap 23 2550 0.276 12 Type C LED 10 0.12 0.156 397.8
Building 3 2 2/13 Drum 30 2550 0.06 2 Retro kit 15 0.03 0.03 76.5
Building 3 37 Exit LED 2 8760 0.074 37 N/R 2 0.074 0 0
Building 3 21 1L 25-watt 23 2550 0.483 21 Type C LED 10 0.21 0.273 696.15
Building 3 5 2L 25-watt HBF 59 2550 0.295 5 Type C LED 20 0.1 0.195 497.25
Building 3 204 2L 25-watt LBF 38 2550 7.7724 204 Type C LED 20 4.08 3.6924 9415.62
Building 5 3 100 Watt Metal Halide Canopy 125 4380 0.375 3 New LED Canopy 30w 30 0.09 0.285 1248.3
Building 5 4 100 Watt Metal Halide Wall Pack 125 4380 0.5 4 New 30 Watt LED Wall Pack 30 0.12 0.38 1664.4
Building 5 10 120 watt Induction WP 130 4380 1.3 10 New WP 52 0.52 0.78 3416.4
Building 5 48 1x4 1L 25-watt wrap 23 2550 1.104 48 Type C LED 10 0.48 0.624 1591.2
Building 5 56 1x8 2L Wrap HBF 59 2550 3.304 56 Type C LED 20 1.12 2.184 5569.2
Building 5 12 Exit LED 2 8760 0.024 12 N/R 2 0.024 0 0
Building 5 1 1L 25-watt LBF 21 2550 0.021 1 Type C LED 10 0.01 0.011 28.05
Building 5 73 2L 25-watt LBF 38 2550 2.7813 73 Type C LED 20 1.46 1.3213 3369.315
Building 12 39 1x8 2L Wrap HBF 59 2550 2.301 39 Type C LED 20 0.78 1.521 3878.55
Building 12 1 2/13 Drum 29 2550 0.029 1 Retro kit 15 0.015 0.014 35.7
Building 12 2 3/13 Drum 42 2550 0.084 2 Retro kit 15 0.03 0.054 137.7
Building 12 17 4L 54-watt Hi-Bay 236 2550 4.012 17 Type C LED 90 1.53 2.482 6329.1
Building 12 4 Exit LED 2 8760 0.008 4 N/R 2 0.008 0 0
Building 12 7 2L 25-watt HBF 59 2550 0.413 7 Type C LED 20 0.14 0.273 696.15
Building 12 25 2L 25-watt LBF 38 2550 0.9525 25 Type C LED 20 0.5 0.4525 1153.875
Building 13 3 1x4 1L 25-watt wrap 23 2550 0.069 3 Type C LED 10 0.03 0.039 99.45
Building 13 8 2/13 Sconce 30 2550 0.24 8 Retro kit 15 0.12 0.12 306
Building 13 1 3/13 Drum 42 2550 0.042 1 Retro kit 15 0.015 0.027 68.85
Building 13 28 2L 25-watt HBF 59 2550 1.652 28 Type C LED 20 0.56 1.092 2784.6
Building 13 28 2L 25-watt LBF 38 2550 1.0668 28 Type C LED 20 0.56 0.5068 1292.34
Building 13 15 4L 25-watt LBF 77 2550 1.155 15 Type C LED 48 0.72 0.435 1109.25
Building 14 35 1x4 1L 25-watt wrap 23 2550 0.805 35 Type C LED 10 0.35 0.455 1160.25
Building 14 12 1x4 2L 25-watt wrap 44 2550 0.528 12 Type C LED 20 0.24 0.288 734.4
Building 14 45 1x8 2L Wrap HBF 59 2550 2.655 45 Type C LED 20 0.9 1.755 4475.25
Building 14 3 2/13 Drum 30 2550 0.09 3 Retro kit 15 0.045 0.045 114.75
Building 14 6 Exit LED 2 8760 0.012 6 N/R 2 0.012 0 0
Building 14 10 2L 25-watt HBF 59 2550 0.59 10 Type C LED 20 0.2 0.39 994.5
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Building 14 64 2L 25-watt LBF 38 2550 2.4384 64 Type C LED 20 1.28 1.1584 2953.92
Building 14 14 2L 25-watt LBF 38 2550 0.5334 14 Type C LED 20 0.28 0.2534 646.17
Building 16 2 100 Watt Metal Halide Wall Pack 125 4380 0.25 2 New 30 Watt LED Wall Pack 30 0.06 0.19 832.2
Building 16 17 1x4 1L 25-watt wrap 23 2550 0.391 17 Type C LED 10 0.17 0.221 563.55
Building 16 1 1x8 2L Wrap HBF 59 2550 0.059 1 Type C LED 20 0.02 0.039 99.45
Building 16 6 2L 25-watt HBF 59 2550 0.354 6 Type C LED 20 0.12 0.234 596.7
Building 16 8 4L 25-watt LBF 77 2550 0.616 8 Type C LED 48 0.384 0.232 591.6
Building 26 2 1x4 1L 25-watt wrap 23 2550 0.046 2 Type C LED 10 0.02 0.026 66.3
Building 26 12 1x4 2L 25-watt wrap 44 2550 0.528 12 Type C LED 20 0.24 0.288 734.4
Building 26 32 1x8 2L Wrap HBF 59 2550 1.888 32 Type C LED 20 0.64 1.248 3182.4
Building 26 8 1x8 2L Wrap HBF 59 2550 0.472 8 Type C LED 20 0.16 0.312 795.6
Building 26 17 2/13 Drum 30 2550 0.51 17 Retro kit 15 0.255 0.255 650.25
Building 26 4 3/13 Drum 42 2550 0.168 4 Retro kit 15 0.06 0.108 275.4
Building 26 17 Exit LED 2 8760 0.034 17 N/R 2 0.034 0 0
Building 26 13 2L 25-watt 44 2550 0.572 13 Type C LED 20 0.26 0.312 795.6
Building 26 69 2L 25-watt LBF 38 2550 2.6289 69 Type C LED 20 1.38 1.2489 3184.695
Building 26 6 3L 25-watt LBF 62 2550 0.372 6 Type C LED 36 0.216 0.156 397.8
Building 28 25 1x4 1L 25-watt wrap 23 2550 0.575 25 Type C LED 10 0.25 0.325 828.75
Building 28 64 1x8 2L Wrap HBF 59 2550 3.776 64 Type C LED 20 1.28 2.496 6364.8
Building 28 15 2/13 Drum 30 2550 0.45 15 Retro kit 15 0.225 0.225 573.75
Building 28 2 Exit LED 2 8760 0.004 2 N/R 2 0.004 0 0
Building 28 24 1L 25-watt LBF 21 2550 0.504 24 Type C LED 10 0.24 0.264 673.2
Building 28 1 2L 17-watt LBF 33 2550 0.033 1 Type C LED 16 0.016 0.017 43.35
Building 28 4 2L 25-watt HBF 59 2550 0.236 4 Type C LED 20 0.08 0.156 397.8
Building 28 17 2L 25-watt LBF 38 2550 0.6477 17 Type C LED 20 0.34 0.3077 784.635
Building 31 8 25 CFL 25 2500 0.2 8 Screw-In 11 0.088 0.112 280
Building 31 69 1x4 1L 25-watt wrap 23 2500 1.587 69 Type C LED 10 0.69 0.897 2242.5
Building 31 2 2/13 Drum 30 2500 0.06 2 Retro kit 15 0.03 0.03 75
Building 31 8 3/13 Drum 42 2500 0.336 8 Retro kit 15 0.12 0.216 540
Building 31 24 Exit LED 2 8760 0.048 24 N/R 2 0.048 0 0
Building 31 3 1L 25-watt LBF 21 2500 0.063 3 Type C LED 10 0.03 0.033 82.5
Building 31 25 2L 17-watt LBF 31 2500 0.775 25 Type C LED 16 0.4 0.375 937.5
Building 31 21 2L 25-watt HBF 59 2500 1.239 21 Type C LED 20 0.42 0.819 2047.5
Building 32 6 26 CFL WP 28 4380 0.168 6 New WP 10 0.06 0.108 473.04
Building 32 2 80-watt CFL Canopy 85 4380 0.17 2 New LED Canopy 30w 30 0.06 0.11 481.8
Building 32 8 1x4 1L 25-watt Wrap 23 2500 0.184 8 Type C LED 10 0.08 0.104 260
Building 32 4 2/13 Drum 30 2500 0.12 4 Retro kit 15 0.06 0.06 150
Building 32 33 4L T5 Hibay 236 2500 7.788 33 Type C LED 90 2.97 4.818 12045
Building 32 9 2L 25-watt LBF 38 2500 0.3429 9 Type C LED 20 0.18 0.1629 407.25
Building 32 12 2L 25-watt 44 2500 0.528 12 Type C LED 20 0.24 0.288 720
Building 32 4 4L 25-watt LBF 77 2500 0.308 4 Type C LED 48 0.192 0.116 290
Building 33 3 120 watt Induction WP 130 4380 0.39 3 New WP 52 0.156 0.234 1024.92
Building 33 22 200 Induction WP 215 4380 473 22 New WP 85 1.87 2.86 12526.8
Building 33 4 26 CFL WP 28 4380 0.112 4 New WP 12 0.048 0.064 280.32
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ECM 1.1 TYPE C RETROFIT

Wernersville State Hospital

GESA 2021-2
Job: Wernersville State Hospital
Number
Number of Hours of | Total kW |of Fixtures Post Total kW
Location Fixtures Pre|Pre Description Pre Watts| Operation Pre Post Post Description Watts Post kW Saved| kWH Saved
Building 33 30 1x4 1L 25-watt wrap 23 5400 0.69 30 Type C LED 10 0.3 0.39 2106
Building 33 40 1x4 2L 25-watt wrap 44 5400 1.76 40 Type C LED 20 0.8 0.96 5184
Building 33 43 2/13 Drum 30 5400 1.29 43 Retro kit 15 0.645 0.645 3483
Building 33 35 4L T5 Hibay 236 5400 8.26 35 Type C LED 95 3.325 4,935 26649
Building 33 1 2L 17-watt LBF 31 5400 0.031 1 Type C LED 16 0.016 0.015 81
Building 33 61 2L 25-watt LBF 38 5400 2.3241 61 Type C LED 20 1.22 1.1041 5962.14
Building 34 7 120 watt Induction WP 130 4380 0.91 7 New WP 52 0.364 0.546 2391.48
Building 34 2 26 CFL WP 28 4380 0.056 2 New WP 12 0.024 0.032 140.16
Building 34 20 1x4 1L 25-watt wrap 23 5400 0.46 20 Type C LED 10 0.2 0.26 1404
Building 34 2 1x4 2L 25-watt wrap 44 5400 0.088 2 Type C LED 20 0.04 0.048 259.2
Building 34 27 2/13 Drum 30 5400 0.81 27 Retro kit 15 0.405 0.405 2187
Building 34 11 2/13 Can 30 5400 0.33 11 Retro kit 15 0.165 0.165 891
Building 34 11 2/13 Sconce 30 5400 0.33 11 Retro kit 15 0.165 0.165 891
Building 34 30 3/13 Drum 42 5400 1.26 30 Retro kit 15 0.45 0.81 4374
Building 34 25 3I TS5 Hibay 177 5400 4.425 25 Type C LED 70 1.75 2.675 14445
Building 34 32 4L T5 Hibay 236 5400 7.552 32 Type C LED 95 3.04 4512 24364.8
Building 34 17 Exit LED 2 8760 0.034 17 N/R 2 0.034 0 0
Building 34 93 1L 25-watt LBF 21 5400 1.953 93 Type C LED 10 0.93 1.023 5524.2
Building 34 37 2L 17-watt LBF 31 5400 1.147 37 Type C LED 16 0.592 0.555 2997
Building 34 29 2L 17-watt 33 5400 0.957 29 Type C LED 16 0.464 0.493 2662.2
Building 34 105 2L 25-watt HBF 59 5400 6.195 105 Type C LED 20 2.1 4.095 22113
Building 34 626 2L 25-watt LBF 38 5400 23.8506 626 Type C LED 20 12.52 11.3306 61185.24
Building 34 10 3L 25-watt LBF 58 5400 0.58 10 Type C LED 36 0.36 0.22 1188
Building 34 30 4L 25-watt LBF 77 5400 2.31 30 Type C LED 48 1.44 0.87 4698
Building 35 7 120 watt Induction WP 130 4380 0.91 7 New WP 52 0.364 0.546 2391.48
Building 35 2 26 CFL WP 28 4380 0.056 2 New WP 12 0.024 0.032 140.16
Building 35 20 1x4 1L 25-watt wrap 23 5400 0.46 20 Type C LED 10 0.2 0.26 1404
Building 35 2 1x4 2L 25-watt wrap 44 5400 0.088 2 Type C LED 20 0.04 0.048 259.2
Building 35 27 2/13 Drum 30 5400 0.81 27 Retro kit 15 0.405 0.405 2187
Building 35 11 2/13 Can 30 5400 0.33 11 Retro kit 15 0.165 0.165 891
Building 35 11 2/13 Sconce 30 5400 0.33 11 Retro kit 15 0.165 0.165 891
Building 35 30 3/13 Drum 42 5400 1.26 30 Retro kit 15 0.45 0.81 4374
Building 35 25 3I TS5 Hibay 177 5400 4.425 25 Type C LED 70 1.75 2.675 14445
Building 35 32 4L T5 Hibay 236 5400 7.552 32 Type C LED 95 3.04 4512 24364.8
Building 35 17 Exit LED 2 8760 0.034 17 N/R 2 0.034 0 0
Building 35 93 1L 25-watt LBF 21 5400 1.953 93 Type C LED 10 0.93 1.023 5524.2
Building 35 37 2L 17-watt LBF 31 5400 1.147 37 Type C LED 16 0.592 0.555 2997
Building 35 29 2L 17-watt 33 5400 0.957 29 Type C LED 16 0.464 0.493 2662.2
Building 35 105 2L 25-watt HBF 59 5400 6.195 105 Type C LED 20 2.1 4.095 22113
Building 35 626 2L 25-watt LBF 38 5400 23.8506 626 Type C LED 20 12.52 11.3306 61185.24
Building 35 10 3l 25-watt LBF 58 5400 0.58 10 Type C LED 36 0.36 0.22 1188
Building 35 30 4L 25-watt LBF 77 5400 2.31 30 Type C LED 48 1.44 0.87 4698
Building 37 78 1x4 1L 25-watt Wrap 23 5400 1.794 78 Type C LED 10 0.78 1.014 5475.6
Building 37 5 1x4 2L 25-watt wrap 44 5400 0.22 5 Type C LED 20 0.1 0.12 648
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ECM 1.1 TYPE C RETROFIT

Wernersville State Hospital

GESA 2021-2
Job: Wernersville State Hospital
Number
Number of Hours of | Total kW |of Fixtures Post Total kW

Location Fixtures Pre|Pre Description Pre Watts| Operation Pre Post Post Description Watts Post kW Saved| kWH Saved
Building 37 23 1x4 4L 25-watt Wrap 85 5400 1.955 23 Type C LED 48 1.104 0.851 4595.4
Building 37 3 2/13 Drum 30 5400 0.09 3 Retro kit 15 0.045 0.045 243
Building 37 4 3/13 Drum 30 5400 0.12 4 Retro kit 15 0.06 0.06 324
Building 37 15 2L 25-watt 44 5400 0.66 15 Type C LED 20 0.3 0.36 1944
Building 37 2 1L 17-watt LBF 15 5400 0.03 2 Type C LED 8 0.016 0.014 75.6
Building 37 11 1L 25-watt LBF 21 5400 0.231 11 Type C LED 10 0.11 0.121 653.4
Building 37 2 2L 17-watt LBF 31 5400 0.062 2 Type C LED 16 0.032 0.03 162
Building 37 33 2L 17-watt 33 5400 1.089 33 Type C LED 16 0.528 0.561 3029.4
Building 37 417 2L 25-watt HBF 59 5400 24.603 417 Type C LED 20 8.34 16.263 87820.2
Building 37 450 2L 25-watt LBF 38 5400 17.145 450 Type C LED 20 9 8.145 43983
Building 37 26 2L 25-watt 44 5400 1.144 26 Type C LED 20 0.52 0.624 3369.6
Building 37 48 2L 25-watt 44 5400 2.112 48 Type C LED 20 0.96 1.152 6220.8
Building 37 18 4L 25-watt LBF 77 5400 1.386 18 Type C LED 48 0.864 0.522 2818.8
Tunnel 30 25 CFL 25 2500 0.75 30 Screw-In 11 0.33 0.42 1050
Tunnel 101 1x8 2L Wrap HBF 59 2500 5.959 101 Type C LED 20 2.02 3.939 9847.5
Tunnel 22 1x8 2L Wrap LBF 38 2500 0.836 22 Type C LED 20 0.44 0.396 990
Tunnel 114 2L 25-watt 44 2500 5.016 114 Type C LED 20 2.28 2.736 6840
Tunnel 27 1L 25-watt LBF 21 2500 0.567 27 Type C LED 10 0.27 0.297 742.5
Tunnel 1 3L 25-watt LBF 58 2500 0.058 1 Type C LED 36 0.036 0.022 55
Exterior #34 13 100 Watt HPS Shoe box 125 4380 1.625 13 New 40 Watt LED Shoe box 40 0.52 1.105 4839.9
Exterior #35 10 100 Watt Metal Halide Wall Pack w/Photocell 125 4380 1.25 10 New 30 Watt LED Wall Pack w/ Photocell 30 0.3 0.95 4161
Exterior #36 12 100 Watt Metal Halide Canopy 125 4380 1.5 12 New 27 Watt LED Canopy 27 0.324 1.176 5150.88
Exterior #37 5 20 Watt LED Canopy 20 4380 0.1 5 No Retrofit 20 0.1 0 0
Exterior #35 6 32 Watt Plug-In CFL 36 4380 0.216 6 Retrofit with (1) 15.5 Watt LED Plug-In Lamp 15.5 0.093 0.123 538.74
Exterior #35 9 100 Watt HPS Shoe box 125 4380 1.125 9 New 40 Watt LED Shoe box 40 0.36 0.765 3350.7
Exterior #35 4 100 Watt Metal Halide Wall Pack w/Photocell 125 4380 0.5 4 New 30 Watt LED Wall Pack w/ Photocell 30 0.12 0.38 1664.4
Exterior #35 1 400 Watt HPS Flood 464 4380 0.464 1 New 135 Watt LED Flood 135 0.135 0.329 1441.02
Exterior #35 4 LED Cobra 75 4380 0.3 4 No Retrofit 75 0.3 0 0
Exterior #35 3 100 Watt Metal Halide Canopy 125 4380 0.375 3 New 27 Watt LED Canopy 27 0.081 0.294 1287.72
Exterior #37 26 100 Watt HPS Shoe box 125 4380 3.25 26 New 40 Watt LED Shoe box 40 1.04 2.21 9679.8
Exterior #37 1 23 Watt CF Screw-In 12x12 Canopy 23 4380 0.023 1 Re-Lamp with (1) 15 Watt LED A19 15 0.015 0.008 35.04
Exterior #37 7 100 Watt Metal Halide Wall Pack w/Photocell 125 4380 0.875 7 New 30 Watt LED Wall Pack w/ Photocell 30 0.21 0.665 2912.7
Exterior #37 2 32 Watt Plug-In CFL Wall Pack 36 4380 0.072 2 New 30 Watt LED Wall Pack 30 0.06 0.012 52.56
Exterior #37 4 100 Watt Metal Halide Canopy 125 4380 0.5 4 New 27 Watt LED Canopy 27 0.108 0.392 1716.96
Exterior #37 1 LED Flood 25 4380 0.025 1 No Retrofit 25 0.025 0 0
Exterior #37 2 23 Watt CF Screw-In Coach 23 4380 0.046 2 Re-Lamp with (1) 15 Watt LED A19 15 0.03 0.016 70.08
Exterior PLANT 3 50 Watt HPS Wall Pack 70 4380 0.21 3 New 30 Watt LED Wall Pack 30 0.09 0.12 525.6
Exterior PLANT 1 175 Watt Mercury Vapor Dusk to Dawn 210 4380 0.21 1 New 40 Watt LED Dusk to Dawn 40 0.04 0.17 744.6
Exterior PLANT 1 70 Watt HPS Shoe box 90 4380 0.09 1 New 40 Watt LED Shoe box 40 0.04 0.05 219
MAIN STREET LIGHTING 15 250 Watt HPS Shoe box 300 4380 45 15 New 70 Watt LED Shoe box 70 1.05 3.45 15111
SPORTSMAN RD 9 250 Watt HPS Shoe box 300 4380 2.7 9 New 70 Watt LED Shoebox 70 0.63 2.07 9066.6
PARKING LOT A 4 100 Watt HPS Shoe box 125 4380 0.5 4 New 40 Watt LED Shoe box 40 0.16 0.34 1489.2
PARKING ADJ. TO 34 4 100 Watt HPS Shoe box 125 4380 0.5 4 New 40 Watt LED Shoe box 40 0.16 0.34 1489.2
Exterior BY COTTAGES 3 100 Watt HPS Shoe box 125 4380 0.375 3 New 40 Watt LED Shoe box 40 0.12 0.255 1116.9
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ECM 1.1 TYPE C RETROFIT Wernersville State Hospital

GESA 2021-2
Job: Wernersville State Hospital
Number
Number of Hours of | Total kW |of Fixtures Post Total kW
Location Fixtures Pre|Pre Description Pre Watts| Operation Pre Post Post Description Watts Post kW Saved| kWH Saved
Exterior #34 2 50 Watt Metal Halide RLM 72 4380 0.144 2 New 26 Watt LED Post Top; Gray 26 0.052 0.092 402.96
Exterior #34 6 23 Watt CFl Wall pack 23 4380 0.138 6 New 23 Watt LED Wall Pack 23 0.138 0 0
Exterior #34 1 80 Watt HID Induction Wall Pack 83 4380 0.083 1 New 27 Watt LED Flood; Difficult Access 27 0.027 0.056 245.28
Exterior #34 1 150 Watt HPS Wall Pack 185 4380 0.185 1 New 40 Watt LED Wall Pack 40 0.04 0.145 635.1
Exterior #35 2 23 Watt CF Canopy 23 4380 0.046 2 New 10 Watt LED Canopy 12 0.024 0.022 96.36
Exterior #35 4 LED Wallpack 15 4380 0.06 4 No Retrofit 15 0.06 0 0
Exterior #35 8 150 Watt Metal Halide Wall Pack 185 4380 1.48 8 New 40 Watt LED Wall Pack 40 0.32 1.16 5080.8
Exterior #35 1 175 Watt Mercury Vapor Dusk to Dawn 210 4380 0.21 1 New 40 Watt LED Dusk to Dawn 40 0.04 0.17 744.6
Exterior #35 1 80 Watt HID Induction Wall Pack 83 4380 0.083 1 New 27 Watt LED Flood; Difficult Access 27 0.027 0.056 245.28
Exterior #35 1 150 Watt Metal Halide Canopy 185 4380 0.185 1 New 40 Watt LED Canopy 40 0.04 0.145 635.1
Exterior #37 5 LED Wallpack 15 4380 0.075 5 No Retrofit 15 0.075 0 0
Exterior #37 1 100 Watt Metal Halide Wall Pack 125 4380 0.125 1 New 30 Watt LED Wall Pack 30 0.03 0.095 416.1
Exterior #37 4 LED Wallpack 15 4380 0.06 4 No Retrofit 15 0.06 0 0
Exterior #37 1 23 Watt CF Jelly Jar; Photocell 23 4380 0.023 1 New 20 Watt LED Jelly Jar 20 0.02 0.003 13.14
Exterior #37 1 70 Watt Metal Halide Wall Pack 94 4380 0.094 1 New 30 Watt LED Wall Pack 30 0.03 0.064 280.32
Exterior #37 1 150 Watt Metal Halide Canopy 185 4380 0.185 1 New 40 Watt LED Canopy 40 0.04 0.145 635.1
Exterior #37 1 23 Watt CF Jelly Jar 23 4380 0.023 1 New 20 Watt LED Jelly Jar 20 0.02 0.003 13.14
Exterior PLANT 2 26 Watt CFL Plug-In Wall pack 26 4380 0.052 2 New 23 Watt LED Wall Pack 23 0.046 0.006 26.28
Exterior PLANT 3 26 Watt CF Wall Pack 26 4380 0.078 3 New 23 Watt LED Wall Pack 23 0.069 0.009 39.42
Exterior PLANT 1 23 Watt CF RLM Fixture 23 4380 0.023 1 Re-Lamp with (1) 15 Watt LED A19 15 0.015 0.008 35.04
MAIN STREET LIGHTING 1 LED Wallpack 15 4380 0.015 1 No Retrofit 15 0.015 0 0
SPORTSMAN RD 3 150 Watt Metal Halide Wall Pack 185 4380 0.555 3 New 40 Watt LED Wall Pack 40 0.12 0.435 1905.3
PARKING LOT A 1 150 Watt Metal Halide Canopy 185 4380 0.185 1 New 40 Watt LED Canopy 40 0.04 0.145 635.1
PARKING ADJ. TO 34 1 150 Watt Metal Halide Wall Pack; Difficult Access 185 4380 0.185 1 New 40 Watt LED Wall Pack; Difficult Access 40 0.04 0.145 635.1
BY COTTAGES 2 LED Canopy 20 4380 0.04 2 No Retrofit 20 0.04 0 0
Exterior #05 1 23 Watt CF Coach Pole 23 4380 0.023 1 Re-Lamp with (1) 15 Watt LED A19 15 0.015 0.008 35.04
Exterior #06 2 100 Watt Metal Halide Wall Pack 125 4380 0.25 2 New 30 Watt LED Wall Pack 30 0.06 0.19 832.2
Exterior #07 1 LED Canopy 20 4380 0.02 1 No Retrofit 20 0.02 0 0
Exterior #08 1 23 Watt CF Coach Pole 23 4380 0.023 1 Re-Lamp with (1) 15 Watt LED A19 15 0.015 0.008 35.04
Exterior #01 2 100 Watt Metal Halide Wall Pack 125 4380 0.25 2 New 30 Watt LED Wall Pack 30 0.06 0.19 832.2
Exterior #16 1 LED Canopy 20 4380 0.02 1 No Retrofit 20 0.02 0 0
Exterior #26/3 1 23 Watt CF Coach Pole 23 4380 0.023 1 Re-Lamp with (1) 15 Watt LED A19 15 0.015 0.008 35.04
Exterior #26/3 2 100 Watt Metal Halide Wall Pack 125 4380 0.25 2 New 30 Watt LED Wall Pack 30 0.06 0.19 832.2
Exterior #26/3 1 23 Watt CF Jelly Jar 23 4380 0.023 1 New 20 Watt LED Jelly Jar 20 0.02 0.003 13.14
Exterior #28/12 1 175 Watt Mercury Vapor Dusk to Dawn 210 4380 0.21 1 New 40 Watt LED Dusk to Dawn 40 0.04 0.17 744.6
Exterior #28/12 1 23 Watt Compact Fluorescent ;Difficult Access 23 4380 0.023 1 Re-Lamp with (1) 15 Watt LED A19; Very Difficult Access 15 0.015 0.008 35.04
Exterior #28/12 1 26 Watt CFL Plug-In Flood 26 4380 0.026 1 New 15 Watt LED Flood Light 15 0.015 0.011 48.18
Exterior #14 2 LED Canopy 20 4380 0.04 2 No Retrofit 20 0.04 0 0
5,650 289.06 5,650 124.8 164.2 729,607
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C-CP-B-5Q-3L/4L/7L Series C-LITE

LED Square Canopy Light LED LIGHTING
Replaces 100W-150W PSMH /175W MH

EXTREMELY DURABLE DESIGN WITH AN

EFFICACY UP TO 136 LUMENS PER WATT! ' l! D 4 r
g —
PRODUCT SPECIFICATIONS
OVERVIEW
« Initial Delivered Lumens: 3,600 (3L); 4,900 (4L); 7,200 (/L) - Estimated L,, Lifetime @ 25°C: > 100,000 hours
+ CRI:270 - Power Factor:>0.9
- CCT: Neutral White 4000K, Cool White 5000K - Total Harmonic Distortion: < 20%
+ Input Power: 27 W (3L); 36W (4L); 53W (7L) - Limited Warranty: 5 Years*
+ Dimmable: No « Replaces 100W -150W PSMH/175W MH
- Operating Temperature Range: -30°C (-22°F) to 40°C (104°F) - BUG Rating per TM-15-11: B1-U3-G1 (3L); B2-U3-G2 (4L & 7L)

- For use under covered ceilings only

PERFORMANCE DURABLE RECOMMENDED USE INPUT VOLTAGE
- Uses up to 80% less energy than - Polyester powder-coat finish provides - Security « Universal (120V through
comparable PSMH fixtures corrosion protection for long-lasting color | . Fntryways 277V Operation)
- Type VS distribution pattern - UV-stabilized lens designed to last + Perimeter Lighting
+ Die-cast aluminum housing -+ Exterior canopies
ORDERING INFORMATION
Example: C-CP-B-SQ-3L-40K-WH
C-CP-B SQ
PRODUCT STYLE LUMEN PACKAGE CCT COLOR
C-CP-B SQ 3 40K DB
Square Canopy 3,600 Lumens Neutral White (4000K) Dark Bronze
2TW 50K WH
4 Cool White (5000K) White
4,900 Lumens
36W
i
1,200 Lumens
53W
CERTIFICATIONS:
US: c-litecom T (800)236-6800 F (262)504-5415 Canada: creelighting-canada.com T (800)473-1234 F (800)890-7507 ¢ @ us :\1,: S .

) ) o ) LISTED
Rev. Date: 06/05/2020 For informational purposes only. Content is subject to change. *See creelighting.com/warranty for details



C-CP-B-SQ-3L/4L/1L Series

SERIES OVERVIEW
DIMENSIONS PRODUCT WEIGHT MOUNTING HEIGHT SPACING
" " " 4,03 Ibs. (3L)
83/ Lx -3/ Wx 3-3/4°H 4141bs. (41) 8 10 15 feet 3 10 4 times the mounting height
10" Lx 10" W (Outer Edge) 144 1bs. (10)

FIXTURE SPECIFICATIONS

Low-copper, die-cast aluminum housing
HOUSING Dark bronze or white polyester powder-coat finish
LENS ASSEMBLY | UV-stabilized acrylic prismatic refractor with self-retaining screws
MOUNTING 3/4: condu_it entr‘y on top for.pendant mounting (pendant by others)
1/2" conduit entries on two sides

ELECTRICAL PERFORMANCE

ESTIMATED L, LIFETIME TOTAL HARMONIC
OPERATING TEMPERATURE RANGE @ 25°C 3.,7.,” POWER FACTOR DISTORTION DIMMABLE
-30°C (-22°F) to 40°C (104°F) >100,000 hours »0.9 <20% No

SYSTEM WATTS

LUMEN PACKAGE (120-271V) INPUT VOLTAGE 120V 208V 240V 2TV

3L 21 0.23A 0.13A 0.11A 0.10A

4 36 CURRENT DRAW (Amps) 0.30A 0.17A 0.15A 0.13A

L 53 0.44A 0.25A 0.22A 0.19A
WARRANTY AND CERTIFICATIONS

WARRANTY cULus LISTED DLC
Wet Locations - DLC Premium Qualified. Please refer to
5 Year Limited* Not intended for use with direct www.designlights.org/QPL for most current
exposure to high-pressure water information

A A RESIDENTS WARNING: Cancer and Reproductive Harm -
www.pB5warnings.ca.gov

© 2020Cree Lighting, A company of IDEAL INDUSTRIES. All rights reserved. For informational purposes only. Content is subject to change. Patent
www.creelighting.com/patents. C-LITE® and the C-LITE logo are registered trademarks of Cree Lighting, A company of IDEAL INDUSTRIES. The UL
logo is a registered trademark of UL LLC. The DLC QPL Premium logo is a registered trademark of Efficiency Forward, Inc.

US: c-lite.com
Rev. Date: 06/05/2020

T(800)236-6800 F (262) 504-5415

Canada: creelighting-canada.com

T (800)473-1234 F (800)890-7507
For informational purposes only. Content is subject to change. *See creelighting.com/warranty for details

C-LIT

LED LIGHTING
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Why retrofit when you can Future Fit?

Keystone’s innovative Future Fit LED kits are the ideal solution to convert legacy fixtures into energy-efficient LED systems.
Keystone pre-packages the appropriate Keystone drivers, modules, and mounting accessories, so that the LED retrofit can be
installed quickly and easily either in the field or at the point of fixture manufacture. We did all the safety testing and performance
verification, so upgrading to LED is as easy as zip-screwing in these clever Future Fit LED kits, only from Keystone.

TABLE OF CONTENTS

LIGHT ENGINE KITS

2 CIRCULAR KITS: 8" 1600, 2200, AND 2750 LUMENS; 13” SWITCHABLE LUMENS

5 RECTANGULAR KITS: 3" x 6” 800 AND 1600 LUMENS; 5.5” x 11" SWITCHABLE LUMENS
7 SCONCE KITS: 87, 1100 AND 700 LUMENS

8 FUTURE FIT AC LED LIGHT ENGINES: 90 CRI 7", 4”, AND 3"”; 80 CRI 7", 5.5”, 4", AND 3"

LINEAR KITS WITH ALUMAGROOVE

11 2’ AND 4’ KITS

FREE PRODUCT SAMPLES AVAILABLE UPON REQUEST.

Call 800.464.2680 or email us at samples@keystonetech.com
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SYSTEM FEATURES FOR ALL CIRCULAR, RECTANGULAR, AND SCONCE LIGHT ENGINE KITS:

Module Features: LM80 tested LEDs by Samsung ® 120° beam angle ® Calculated life expectancy: L70 = 93,000 hours at tc <85°C
¢ Highly reflective white soldermask

Hﬁh‘"‘“‘x Driver Features: UL 8750 Recognized Component ® Meets FCC Part 15 Class B (consumer) limit for EM| ® Over current, short circuit,
and open circuit protection e Class 2 output ® Type 1 outdoor, suitable for dry and damp locations e THD: <20%



8” CIRCULAR LED KITS Bonor TQYEAR ) 5 a4

Compliant -

1600, 2200, AND 2750 LUMEN OPTIONS DECORATIVE DRUM PARKING/SECURITY

Each pre-assembled UL Classified 1598C kit includes (1) dimmable LED driver, (1) LED module,
(1) metal pan, mounting hardware, and accessories

KIT SPECIFICATIONS:

Dimming Type: Phase Control
Driver: KTLD-20-1-560-FDIM-AQ7
Module: (1) KTLM-960-C2-8xx-64B

Total Total Total Total
Color Input LED Retrofit Kit No. of Total System  Drive Current System Module  Module Driver System System
Temp Voltage Catalog Number* Modules  Drive Current per Module  Lumens Power Efficacy Efficiency Power Efficacy
3000K 120V KT-RKIT-CP-8-1600-830-FDIM 1 560mA 560mA 1700 12.5W 136 Im/W 80% 15.6W 109 Im/W
4000K 120V KT-RKIT-CP-8-1600-840-FDIM 1 560mA 560mA 1750 12.5W 140 Im/W 80% 15.6W 112 Im/W
5000K 120V KT-RKIT-CP-8-1600-850-FDIM 1 560mA 560mA 1800 12.5W 144 Im/W 80% 15.6W 115 Im/W
KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: KTLD-20-UV-560-VDIM-AQ7
Module: (1) KTLM-960-C2-8xx-64B
Total Total Total Total
Color Input LED Retrofit Kit No. of Total System  Drive Current System Module Module Driver System System
Temp Voltage Catalog Number* Modules  Drive Current per Module Lumens Power Efficacy Efficiency Power Efficacy
3000K 120-277V  KT-RKIT-CP-8-1600-830-VDIM 1 560mA 560mA 1700 12.5W 136 Im/W 80% 15.6W 109 Im/W
4000K 120-277V  KT-RKIT-CP-8-1600-840-VDIM 1 560mA 560mA 1750 12.5W 140 Im/W 80% 15.6W 112 Im/W
5000K 120-277V  KT-RKIT-CP-8-1600-850-VDIM 1 560mA 560mA 1800 12.5W 144 Im/W 80% 15.6W 115 Im/W

TYPICAL INSTALLATION APPLICATION




8” CIRCULAR LED KITS
1600, 2200, AND 2750 LUMEN OPTIONS

8", 2200 LUMEN CIRCULAR

KIT SPECIFICATIONS:

Dimming Type: Phase Control
Driver: KTLD-20-1-560-FDIM-AQ7
Module: (1) KTLM-960-C2-8xx-80B

Total Total Total Total
Color Input LED Retrofit Kit No. of Total System  Drive Current System Module  Module Driver System System
Temp Voltage Catalog Number* Modules Drive Current per Module Lumens Power Efficacy Efficiency Power Efficacy
3000K 120V KT-RKIT-CP-8-2200-830-FDIM 1 560mA 560mA 2110 15.5W 136 Im/W 80% 19.3W 109 Im/W
4000K 120V KT-RKIT-CP-8-2200-840-FDIM 1 560mA 560mA 2180 15.5W 141 Im/W 80% 19.3W 113 Im/W
5000K 120V KT-RKIT-CP-8-2200-850-FDIM 1 560mA 560mA 2240 15.5W 145 Im/W 80% 19.3W 116 Im/W
KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: KTLD-20-UV-560-VDIM-AQ7
Module: (1) KTLM-960-C2-8xx-80B
Total Total Total Total
Color Input LED Retrofit Kit No. of Total System  Drive Current System Module  Module Driver System System
Temp Voltage Catalog Number* Modules  Drive Current per Module Lumens Power Efficacy Efficiency Power Efficacy
3000K 120-277V  KT-RKIT-CP-8-2200-830-VDIM 1 560mA 560mA 2110 15.5W 136 Im/W 80% 19.3W 109 Im/W
4000K 120-277V  KT-RKIT-CP-8-2200-840-VDIM 1 560mA 560mA 2180 15.5W 141 Im/W 80% 19.3W 113 Im/W
5000K 120-277V KT-RKIT-CP-8-2200-850-VDIM 1 560mA 560mA 2240 15.5W 145 Im/W 80% 19.3W 116 Im/W

8", 2750 LUMEN CIRCULAR

KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: KTLD-25-UV-700-VDIM-AQ7
Module: (1) KTLM-960-C2-8xx-80B

Total Total Total Total
Color Input LED Retrofit Kit No. of Total System  Drive Current System Module  Module Driver System System
Temp Voltage Catalog Number* Modules  Drive Current per Module Lumens Power Efficacy Efficiency Power Efficacy
2700K 120-277V KT-RKIT-CP-8-2750-827-VDIM 1 700mA 700mA 2590 20W 130 Im/W 80% 25W 104 Im/W
3000K 120-277V  KT-RKIT-CP-8-2750-830-VDIM 1 700mA 700mA 2640 20W 132 Im/W 80% 25W 106 Im/W
3500K 120-277V  KT-RKIT-CP-8-2750-835-VDIM 1 700mA 700mA 2690 20W 135 Im/W 80% 25W 108 Im/W
4000K 120-277V  KT-RKIT-CP-8-2750-840-VDIM 1 700mA 700mA 2750 20W 138 Im/W 80% 25W 110 Im/W
5000K 120-277V KT-RKIT-CP-8-2750-850-VDIM 1 700mA 700mA 2845 20W 142 Im/W 80% 25W 114 Im/W

GENERATION 2 UPGRADES: All 8” circular items in this catalog will be upgraded to Generation 2 (/G2) starting Q1 2018.

G2 models feature upgraded LED chip sets. Part numbers will be updated with a /G2 suffix to reflect this change.




13” SWITCHABLE LUMEN P
CIRCULAR LED KITS Botin. 1QYEAR - 5 4

3 OOO O R 4000 L U M E N O PTl O N S DECORATIVE DRUM PARKING/SECURITY

Each pre-assembled UL Classified 1598C kit includes (1) dimmable LED driver, (1) LED module, (1) metal pan,
mounting hardware, and accessories

13”, Set at 3000 Lumens

KIT SPECIFICATIONS:

Dimming Type: 0-10V

Driver: (1) KTLD-36-UV-1000-VDIM-AF6
Module: (1) KTLM-1440-C3-8xx-120B

Total Total Total
Color Input LED Retrofit Kit No. of Total System  System  Module Module Driver System  Total System
Temp Voltage Catalog Number Modules  Drive Current Lumens  Power Efficacy Efficiency Power Efficacy
3000K 120-277V KT-RKIT-CP-13-4000-830-VDIM 1 760mA 2920 24W 122 Im/W 85% 27W 108 Im/W
3500K 120-277V KT-RKIT-CP-13-4000-835-VDIM 1 760mA 3000 24W 125 Im/W 85% 27W 111 Im/W
4000K 120-277V KT-RKIT-CP-13-4000-840-VDIM 1 760mA 3100 24W 129 Im/W 85% 27W 115 Im/W
5000K 120-277V KT-RKIT-CP-13-4000-850-VDIM 1 760mA 3220 24W 133 Im/W 85% 27W 119 Im/W
13", Set at 4000 Lumens
KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: (1) KTLD-36-UV-1000-VDIM-AF6
Module: (1) KTLM-1440-C3-8xx-120B
Total Total Total
Color Input LED Retrofit Kit No. of Total System  System  Module Module Driver System  Total System
Temp Voltage Catalog Number Modules  Drive Current Lumens  Power Efficacy Efficiency Power Efficacy
3000K 120-277V  KT-RKIT-CP-13-4000-830-VDIM 1 1000mA 3800 31w 123 Im/W 85% 36W 106 Im/W
3500K 120-277V  KT-RKIT-CP-13-4000-835-VDIM 1 1000mA 3850 31w 124 |m/W 85% 36W 108 Im/W
4000K 120-277V KT-RKIT-CP-13-4000-840-VDIM 1 1000mA 4000 31w 129 Im/W 85% 36W 112 Im/W
5000K 120-277V KT-RKIT-CP-13-4000-850-VDIM 1 1000mA 4150 31w 134 Im/W 85% 36W 116 Im/W

TYPICAL INSTALLATION APPLICATION

©> 0> @




RECTANGULAR LED KITS wiss 1oveer L1 [

Compliant WARRANTY

800 A N D ]. 600 I_ U M E N O PTl O N S DECORATIVE PARKING/SECURITY SCONCE

3.
S Each pre-assembled UL Classified 1598C kit includes (1) LED driver, (2) LED modules, (1) metal pan,
l:.lls mounting hardware, and accessories

3"x6"”, 800 LUMEN RECTANGULAR

KIT SPECIFICATIONS:

Wiring: Series

Driver: (1) KTLD-14-UV-560-AF5
Module: (2) KTLM-1080-R1-8xx-18B

Total Drive Total Total Total Total Total
Color Input LED Retrofit Kit No. of System Drive  Current Lumens System Module Module Driver System  System
Temp Voltage Catalog Number Modules Current per Module per Module Lumens Power Efficacy Efficiency Power  Efficacy
3000K 120-277V  KT-RKIT-RP-6-800-830-UV 2 560mA 560mA 415 830 6.5W 128 Im/W 82% 8W 104 Im/W
4000K 120-277V  KT-RKIT-RP-6-800-840-UV 2 560mA 560mA 425 850 6.5W 131 Im/W 82% 8W 106 Im/W
5000K 120-277V KT-RKIT-RP-6-800-850-UV 2 560mA 560mA 435 870 6.5W 134 Im/W 82% 8W 109 Im/W
3"x6"”, 1600 LUMEN RECTANGULAR
KIT SPECIFICATIONS:
Wiring: Series
Driver: (1) KTLD-14-UV-560-AF5
Module: (2) KTLM-1080-R1-8xx-36B
Total Drive Total Total Total Total Total
Color Input LED Retrofit Kit No. of System Drive  Current Lumens  System Module Module Driver ~ System  System
Temp Voltage Catalog Number Modules Current per Module per Module Lumens Power Efficacy Efficiency Power  Efficacy
3000K 120-277V KT-RKIT-RP-6-1600-830-UV 2 560mA 560mA 775 1550 12.5W 124 Im/W  82% 15W 103 Im/W
4000K 120-277V  KT-RKIT-RP-6-1600-840-UV 2 560mA 560mA 800 1600 12.5W 128 Im/W  82% 15W 107 Im/W
5000K 120-277V KT-RKIT-RP-6-1600-850-UV 2 560mA 560mA 825 1650 12.5W 132 Im/W  82% 15W 110 Im/W

Note: Catalog numbers ending in -UV replace the previous dedicated 120V version of the rectangular LED kits
(catalog numbers KT-RKIT-RP-6-800-8xx and KT-RKIT-RP-6-1600-8xx)

TYPICAL INSTALLATION APPLICATION




SWITCHABLE LUMEN

RECTANGULAR LED KITS Rons® {QYEAR 1 E g
3000 A N D 4000 L U M E N O PTl O N S DECORATIVE PARKING/SECURITY SCONCE

Each pre-assembled UL Classified 1598C kit includes (1) LED driver, (2) LED modules, (1) metal pan,
mounting hardware, and accessories

5.5"x 117, SET AT 3000 LUMENS

KIT SPECIFICATIONS:

Wiring: Series

Driver: (1) KTLD-40-UV-1000-VDIM-AT1 /K
Module: (2) KTLM-1680-R2-8xx-70B

Color Input LED Retrofit Kit No. of Total System  Total Module Module Driver Total System  Total System
Temp Voltage Catalog Number Modules Lumens Power Efficacy Efficiency Power Efficacy
3000K 120-277V  KT-RKIT-RP-11-4000-830-VDIM 2 3030 23.5W 129 Im/W 85% 26W 117 Im/W
3500K 120-277V  KT-RKIT-RP-11-4000-835-VDIM 2 3100 23.5W 132 Im/W 85% 26W 119 Im/W
4000K 120-277V  KT-RKIT-RP-11-4000-840-VDIM 2 3200 23.5W 136 Im/W 85% 26W 123 Im/W
5000K 120-277V  KT-RKIT-RP-11-4000-850-VDIM 2 3300 23.5W 140 Im/W 85% 26W 127 Im/W

5.5"x 117, SET AT 4000 LUMENS

KIT SPECIFICATIONS:

Wiring: Series

Driver: (1) KTLD-40-UV-1000-VDIM-AT1 /K
Module: (2) KTLM-1680-R2-8xx-70B

Color Input LED Retrofit Kit No. of  Total System Total Module Module Driver Total System  Total System

Temp Voltage Catalog Number Modules Lumens Power Efficacy Efficiency Power Efficacy
3000K 120-277V KT-RKIT-RP-11-4000-830-VDIM 2 3850 31w 124 Im/W 85% 34.5W 112 Im/W
3500K 120-277V KT-RKIT-RP-11-4000-835-VDIM 2 3960 31w 128 Im/W 85% 34.5W 115 Im/W
4000K 120-277V KT-RKIT-RP-11-4000-840-VDIM 2 4100 31w 132 Im/W 85% 34.5W 119 Im/W
5000K 120-277V KT-RKIT-RP-11-4000-850-VDIM 2 4200 31w 136 Im/W 85% 34.5W 122 Im/W

TYPICAL INSTALLATION APPLICATION




SCONCE LED KITS orsn 101EAR N/
8”7, 1100 AND 700 LUMEN OPTIONS Compliant WARRANTY WAL SCONCE

Each pre-assembled UL 1598C Classified kit includes (1) phase control dimmable LED driver, (1) LED module,
(1) metal pan, mounting hardware, and accessories

8”, 700 LUMEN WALL SCONCE

KIT SPECIFICATIONS:

Dimming Type: Phase Control

Driver: (1) KTLD-10-1-350-FDIM-AF5
Module: (1) KTLM-480-R3-8xx-20B

Total Total Total
Color Input LED Retrofit Kit No. of  Total System Drive Current  System Module = Module Driver System  Total Sytem
Temp Voltage Catalog Number Modules Drive Current  per Module Lumens  Power Efficacy Efficiency Power Efficacy
3000K 120V KT-RKIT-HCP-8-650-830-FDIM 1 350mA 350mA 680 5W 136 Im/W 80% () 113 Im/W
4000K 120V KT-RKIT-HCP-8-650-840-FDIM 1 350mA 350mA 700 5W 140 Im/W 80% 6w 117 Im/W
5000K 120V KT-RKIT-HCP-8-650-850-FDIM 1 350mA 350mA 720 5W 144 Im/W 80% 6w 120 Im/W

8”, 1100 LUMEN WALL SCONCE

KIT SPECIFICATIONS:

Dimming Type: Phase Control

Driver: (1) KTLD-10-1-350-FDIM-AF5
Module: (1) KTLM-480-R3-8xx-32B

Total Total Total
Color Input LED Retrofit Kit No. of  Total System Drive Current System  Module  Module Driver System  Total Sytem
Temp Voltage Catalog Number Modules Drive Current Per Module  Lumens Power  Efficacy  Efficiency Power Efficacy
3000K 120V  KT-RKIT-HCP-8-1150-830-FDIM 1 350mA 350mA 1115 8W 139 Im/W 80% 10W 112 Im/W
4000K 120V  KT-RKIT-HCP-8-1150-840-FDIM 1 350mA 350mA 1150 8W 144 \m/W 80% 10W 115 Im/W
5000K 120V KT-RKIT-HCP-8-1150-850-FDIM 1 350mA 350mA 1180 8W 148 Im/W 80% 10W 118 Im/W

GENERATION 2 UPGRADES: All sconce items in this catalog will be upgraded to Generation 2 (/G2) starting Q1 2018.
G2 models feature upgraded LED chip sets. Part numbers will be updated with a /G2 suffix to reflect this change.

TYPICAL INSTALLATION APPLICATION
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AC LED LIGHT ENGINE KITS DECORATIVE DRUM

PRODUCT FEATURES
e | 70 > 50,000 hours
e Operating temperature: 0°F-104F°, -18°C-40°C

COMPATIBLE DIMMERS

e High power factor >.90 Manufacturer Model Number

e T24 JA8 Compliant (90CRI 2700K and 3000K only) —— S-600PR-WH

e Suitable for fully enclosed fixtures Lutron TGCL-153PH-WH
e THD <20% Lutron MACL-153MH-LA
® 5% minimum dimming, low flicker Leviton WA-RXX-06674-12A

e Comes with mounting accessories
e Pre-assembled with metal heatsink 5VA cover

90 CRI AC LED Light Engines

3” ROUND
Catalog Number Color Temp CRI Wattage Lumens Efficacy Input Voltage Dimming Method
10w EQUIVALENTS
KT-RKIT10AC-3C-927-FDIM 2700K >90 10W 700 70 Im/W 120V Phase Control e 1 x 60W Incandescent
KT-RKIT10AC-3C-930-FDIM 3000K >90 10W 750 75 Im/W 120V Phase Control o1 x18WCFL
KT-RKIT10AC-3C-940-FDIM 4000K >90 10W 800 80 Im/W 120V Phase Control
KT-RKIT10AC-3C-950-FDIM 5000K >90 10W 820 82 Im/W 120V Phase Control
4" ROUND
Catalog Number Color Temp CRI Wattage Lumens Efficacy Input Voltage Dimming Method
o EQUIVALENTS
[ ]
KT-RKIT17AC-4C-927-FDIM 2700K >90 17W 1100 65 Im/W 120V Phase Control 2 x 40W Incandescent
e 2x 11WCFL
KT-RKIT17AC-4C-930-FDIM 3000K >90 17W 1200 71 Im/W 120V Phase Control o
[ ]
KT-RKIT17AC-4C-940-FDIM 4000K >90 17W 1300 72 Im/W 120V Phase Control 20W T3 Circline
KT-RKIT17AC-4C-950-FDIM 5000K >90 17W 1340 74 Im/W 120V Phase Control
7" ROUND
Catalog Number Color Temp CRI Wattage Lumens Efficacy Input Voltage Dimming Method

EQUIVALENTS

® 2 x 75W Incandescent

KT-RKIT28AC-7C-927-FDIM 2700K >90 28W 2046 74 Im/W 120V Phase Control

* 2x 18W CFL
KT-RKIT28AC-7C-930-FDIM 3000K >90 28W 2160 80 Im/W 120V Phase Control o

.
KT-RKIT28AC-7C-940-FDIM 4000K >90 28W 2220 82 Im/W 120V Phase Control 32W T9 Circline
KT-RKIT28AC-7C-950-FDIM 5000K >90 28W 2280 83 Im/W 120V Phase Control

o]



FUTURE FIT®»

AC LED LIGHT ENGINE KITS

80 CRI AC LED Light Engines

3” ROUND
Catalog Number Color Temp CRI Wattage Lumens Efficacy Input Voltage  Dimming Method

KT-RKIT8AC-3C-830-FDIM 3000K >80 8W 730 90 Im/W 120V Phase Control
KT-RKIT8AC-3C-840-FDIM 4000K >80 8W 750 92 Im/W 120V Phase Control
KT-RKIT8AC-3C-850-FDIM 5000K >80 8W 750 92 Im/W 120V Phase Control
4" ROUND
Catalog Number Color Temp CRI Wattage Lumens Efficacy Input Voltage  Dimming Method
12w
KT-RKIT12AC-4C-830-FDIM 3000K >80 12w 1050 90 Im/W 120V Phase Control
KT-RKIT12AC-4C-840-FDIM 4000K >80 12w 1100 92 Im/W 120V Phase Control
KT-RKIT12AC-4C-850-FDIM 5000K >80 12w 1100 92 Im/W 120V Phase Control
5.5” ROUND
Catalog Number Color Temp CRI Wattage Lumens Efficacy Input Voltage  Dimming Method
16W
KT-RKIT16AC-5C-830-FDIM 3000K >80 16w 1600 100 Im/W 120V Phase Control
KT-RKIT16AC-5C-840-FDIM 4000K >80 16w 1650 103 Im/W 120V Phase Control
KT-RKIT16AC-5C-850-FDIM 5000K >80 lew 1650 103 Im/W 120V Phase Control
7" ROUND
Catalog Number Color Temp CRI Wattage Lumens Efficacy Input Voltage  Dimming Method
19w
KT-RKIT19AC-7C-830-FDIM 3000K >80 19w 1900 100 Im/W 120V Phase Control
KT-RKIT19AC-7C-840-FDIM 4000K >80 19w 1950 103 Im/W 120V Phase Control
KT-RKIT19AC-7C-850-FDIM 5000K >80 19w 1950 103 Im/W 120V Phase Control

KT-RKIT25AC-7C-830-FDIM 3000K >80 25W 2400 95 Im/W 120V Phase Control
KT-RKIT25AC-7C-840-FDIM 4000K >80 25W 2450 98 Im/W 120V Phase Control
KT-RKIT25AC-7C-850-FDIM 5000K >80 25W 2450 98 Im/W 120V Phase Control

EQUIVALENTS

e 1 x 60W Incandescent
e 1 x18WCFL

EQUIVALENTS

e 2 x 40W Incandescent
e 2x11WCFL

e 20W T9 Circline

EQUIVALENTS

e 2 x 60W Incandescent
e 2 x 13W CFL

e 20W T9 Circline

EQUIVALENTS

e 2 x 75W Incandescent
e 2 x 18W CFL

e 32W T9 Circline






2" AND 47 KITS TROFFER

WRAP STRIP VAPOR TIGHT

LINEAR LED KITS WITH ALUMAGROOLIE O‘/‘ -l

i

N EW' High efficacy linear LED modules pre-mounted into aluminum extrusion via a patented manufacturing method
= Each kit includes (1) LED driver, (2) LED modules, mounting hardware, optional diffused lens, and accessories

PRODUCT FEATURES RoHS® EAR
e UL Classified 1598C Compliant WARRANTY
e Dimmable with 0-10V dimmers

e High lumen density design; approximately 1,500 lumens/foot

e Completely heat sinked, no additional heat sinking needed to extend lifetime

e | ow profile, push-in connectors

e Made with UL Recognized Components

¢ |70 calculated lifetime > 50,000 hours at 105°C/221°F LED temperature

e Optional diffused lenses are available for all lengths and are included with the kits listed below

4’ LINEAR KITS, 80 CRI

KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: (1) KTLD-30-UV-900-VDIM-LA1
Module: (2) KTAG-44L-1400-30-8xx-RJ

Drive Total Total Total Total
Color Input AlumaGroove Kit No. of  Total System Current System Module = Module Driver System  System
Temp Voltage CRI Catalog Number Modules Drive Current per Module Lumens Power  Efficacy Efficiency Power  Efficacy
3500K 120-277V >80 KT-RKIT-2AG44-4000-835-VDIM 2 900mA 450mA 4109 25W 166 Im/W 84% 29W 139 Im/W
4000K 120-277V >80 KT-RKIT-2AG44-4000-840-VDIM 2 900mA 450mA 4158 25W 168 Im/W 84% 29W 141 Im/W
5000K 120-277V >80 KT-RKIT-2AG44-4000-850-VDIM 2 900mA 450mA 4232 25W 171 Im/W 84% 29W 144 Im/W
KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: (1) KTLD-36-UV-1100-VDIM-LA3
Module: (2) KTAG-44L-1400-30-8xx-RJ
Drive Total Total Total Total
Color Input AlumaGroove Kit No. of  Total System Current System Module = Module Driver System  System
Temp Voltage CRI Catalog Number Modules Drive Current per Module Lumens Power  Efficacy Efficiency Power Efficacy
3500K 120-277V >80 KT-RKIT-2AG44-5000-835-VDIM 2 1100mA 550mA 5015 31W 164 Im/W 84% 36W 138 Im/W
4000K 120-277V >80 KT-RKIT-2AG44-5000-840-VDIM 2 1100mA 550mA 5067 31W 166 Im/W 84% 36W 139 Im/W
5000K 120-277V >80 KT-RKIT-2AG44-5000-850-VDIM 2 1100mA 550mA 5171 31W 169 Im/W 84% 36W 142 Im/W
KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: (1) KTLD-40-UV-1350-VDIM-LA3
Module: (2) KTAG-44L-1400-30-8xx-RJ
Drive Total Total Total Total
Color Input AlumaGroove Kit No. of  Total System Current System  Module  Module Driver ~ System  System
Temp Voltage CRI Catalog Number Modules Drive Current per Module Lumens Power  Efficacy Efficiency Power Efficacy
3500K 120-277V >80 KT-RKIT-2AG44-6000-835-VDIM 2 1350mA 675mA 6032 38W 159 Im/W 84% 45W 134 Im/W
4000K 120-277V >80 KT-RKIT-2AG44-6000-840-VDIM 2 1350mA 675mA 6108 38W 161 Im/W 84% 45W 135 Im/W
5000K 120-277V >80 KT-RKIT-2AG44-6000-850-VDIM 2 1350mA 675mA 6221 38W 164 Im/W 84% 45W 138 Im/W
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LINEAR LED KITS WITH ALUMAGROOLTE
2' AND 4’ KITS

2' LINEAR KITS, 80 CRI

KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: (1) KTLD-20-UV-650-VDIM-LA1
Module: (2) KTAG-22L-700-30-8xx-RJ

Drive Total Total Total Total
Color Input AlumaGroove Kit No. of  Total System Current System  Module  Module Driver System  System
Temp Voltage CRI Catalog Number Modules Drive Current per Module Lumens Power  Efficacy Efficiency Power Efficacy
3500K 120-277V >80 KT-RKIT-2AG22-3000-835-VDIM 2 650mA 325mA 2907 18W 159 Im/W 84% 22W 133 Im/W
4000K 120-277V >80 KT-RKIT-2AG22-3000-840-VDIM 2 650mA 325mA 2936 18W 160 Im/W 84% 22W 135 Im/W
5000K 120-277V >80 KT-RKIT-2AG22-3000-850-VDIM 2 650mA 325mA 2997 18W 163 Im/W 84% 22W 137 Im/W

KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: (1) KTLD-30-UV-900-VDIM-LA1
Module: (2) KTAG-22L-700-30-8xx-RJ

Drive Total Total Total Total
Color Input AlumaGroove Kit No. of  Total System Current System Module = Module Driver System  System
Temp Voltage CRI Catalog Number Modules Drive Current per Module Lumens Power  Efficacy Efficiency Power Efficacy
3500K 120-277V >80 KT-RKIT-2AG22-4000-835-VDIM 2 900mA 450mA 3868 26W 151 Im/W 84% 31W 126 Im/W
4000K 120-277V >80 KT-RKIT-2AG22-4000-840-VDIM 2 900mA 450mA 3909 26W 152 Im/W 84% 31W 128 Im/W
5000K 120-277V >80 KT-RKIT-2AG22-4000-850-VDIM 2 900mA 450mA 3989 26W 155 Im/W 84% 31W 130 Im/W

KIT SPECIFICATIONS:

Dimming Type: 0-10V

Driver: (1) KTLD-36-UV-1200-VDIM-LA3
Module: (2) KTAG-22L-700-30-8xx-RJ

Drive Total Total Total Total
Color Input AlumaGroove Kit No. of  Total System Current System Module = Module Driver System  System
Temp Voltage CRI Catalog Number Modules Drive Current per Module Lumens Power  Efficacy Efficiency Power Efficacy
3500K 120-277V >80 KT-RKIT-2AG22-5000-835-VDIM 2 1200mA 600mA 4964 35W 141 Im/W 84% 42W 118 Im/W
4000K 120-277V >80 KT-RKIT-2AG22-5000-840-VDIM 2 1200mA 600mA 5014 36W 142 Im/W 84% 42W 119 Im/W
5000K 120-277V >80 KT-RKIT-2AG22-5000-850-VDIM 2 1200mA 600mA 5116 35W 145 Im/W 84% 42W 122 Im/W

4’ LINEAR KITS, 90 CRI

KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: (1) KTLD-30-UV-900-VDIM-LA1
Module: (2) KTAG-44L-1400-30-9xx-RJ

Drive Total Total Total Total
Color Input AlumaGroove Kit No. of  Total System Current System Module = Module Driver System  System
Temp Voltage CRI Catalog Number Modules Drive Current per Module Lumens Power  Efficacy Efficiency Power Efficacy

3000K 120-277V >90 KT-RKIT-2AG44-3500-930-VDIM 2 900mA 450mA 3438 25W

KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: (1) KTLD-36-UV-1100-VDIM-LA3
Module: (2) KTAG-44L-1400-30-9xx-RJ

139 Im/W 84% 29W 117 Im/W

Drive Total Total Total Total
Color Input AlumaGroove Kit No. of  Total System Current System Module = Module Driver System  System
Temp Voltage CRI Catalog Number Modules Drive Current per Module Lumens Power  Efficacy Efficiency Power Efficacy

3000K 120-277V° >90 KT-RKIT-2AG44-4200-930-VDIM 2 1100mA 550mA 4202 31w

KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: (1) KTLD-40-UV-1350-VDIM-LA3
Module: (2) KTAG-44L-1400-30-9xx-RJ

137 Im/W 84% 36W 115 Im/W

Drive Total Total Total Total
Color Input AlumaGroove Kit No. of  Total System Current System Module = Module Driver System  System
Temp Voltage CRI Catalog Number Modules Drive Current per Module Lumens Power  Efficacy Efficiency Power Efficacy

3000K 120-277V >90 KT-RKIT-2AG44-5000-930-VDIM 2 1350mA 675mA 5038 38W 133 Im/W 84% 45W 112 Im/W
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LINEAR LED KITS WITH ALUMAGROOL'E
2' AND 4’ KITS

2' LINEAR KITS, 90 CRI

KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: (1) KTLD-20-UV-650-VDIM-LA1
Module: (2) KTAG-22L-700-30-9xx-RJ

Drive Total Total Total Total
Color Input AlumaGroove Kit No. of  Total System Current System Module = Module Driver System  System
Temp Voltage CRI Catalog Number Modules Drive Current per Module Lumens Power  Efficacy Efficiency Power Efficacy
3000K 120-277V >90 KT-RKIT-2AG22-2500-930-VDIM 2 650mA 325mA 2462 18W 134 Im/W 84% 22W 113 Im/W
KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: (1) KTLD-30-UV-900-VDIM-LA1
Module: (2) KTAG-22L-700-30-9xx-RJ
Drive Total Total Total Total
Color Input AlumaGroove Kit No. of  Total System Current System Module  Module Driver System  System
Temp Voltage CRI Catalog Number Modules Drive Current per Module Lumens Power Efficacy Efficiency Power  Efficacy
3000K 120-277V >90 KT-RKIT-2AG22-3200-930-VDIM 2 900mA 450mA 3239 26W 126 Im/W 84% 31W 106 Im/W
KIT SPECIFICATIONS:
Dimming Type: 0-10V
Driver: (1) KTLD-36-UV-1200-VDIM-LA3
Module: (2) KTAG-22L-700-30-9xx-RJ
Drive Total Total Total Total
Color Input AlumaGroove Kit No. of  Total System Current System Module = Module Driver System  System
Temp Voltage CRI Catalog Number Modules Drive Current per Module Lumens Power  Efficacy Efficiency Power Efficacy
3000K 120-277V  >90 KT-RKIT-2AG22-4200-930-VDIM 2 1200mA 600mA 4157 356W 118 Im/W 84% 42W 99 Im/W
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KEYSTONE

LIGHT MADE EASY”

Page 1 of 2

ESSENTIAL SERIES

GENERAL PURPOSE LED BULBS

KT-LED11A19-0-8XX

REPLACEMENT LAMP

DESCRIPTION
11W A19 Lamp | 2700-5000K | >80 CRI | Omni-Directional

LAMP TYPE: A19

BASE TYPE: E26 (Medium)

WATTAGE: 11W

COLOR TEMPERATURE: 2700-5000K
COLOR RENDERING INDEX (CRI): >80
WARRANTY: 2 Years

RATED LIFE: L70 (15,000 Hours)

TYPICAL APPLICATIONS

e Table, Desk, and Floor Lamps
e Wall Sconces

e Surface Mount Ceiling Fixtures

e General Lighting
e Pendant Lights

PRODUCT FEATURES

e Energy Efficient, 80%+ Energy Savings over Legacy Equivalents

e Lower Heat Generation than Legacy Equivalents

e PF >0.70

e Complies with Part 15 of FCC

e Durable Plastic housing lowers the risk for breakage

e ANSI complaint construction ensures fitment for intended
applications

RoHSH YEAR

Compliant WARRANTY

LISTED

e Operating temperature range —4°F/-20°C to 95°F/35°C

e L ong Life minimizes replacement and maintenance costs

e Meets Energy Star requirements

e UL Listed

e Smooth diffused lens for comfortable glare free performance

e UL enclosed rated, suitable for use in totally enclosed luminaires
e Smooth, uniform dimming

ELECTRICAL AND PERFORMANCE SPECIFICATIONS

Rated Legacy

Keystone Catalog Number Description '(I;:rl:; J;?:gte V&aitn;ge E‘?vl;itvte;lge:t %?;: Lumens CRI Distl;ii%ttti o Dimmable  Efficacy
KT-LED11A19-0-827 AL9 bulb. Omni-Directional, 5700k 120v 11w h;gg’en E26 1100 >80  230° Yes 100 Im/W
KT-LED11A19-0-830 AL9 bulb. Omni-Directional, 3000k 120v 11w h;g’g"en E26 1100 >80  230° Yes 100 Im/W
KT-LED11A19-0-840 ALS bulb. Omni-Directional, 4000k 120v 11w h;ggwen E26 1100 >80  230° Yes 100 Im/W
KT-LED11A19-0-850 AL9 bulb. Omni-Directional, 5000k 120v 11w h;gg’en E26 1100 >80  230° Yes 100 Im/W

Keystone Technologies ¢ Philadelphia, PA e Phone (800) 464-2680 ¢ www.keystonetech.com
Specifications subject to change. Last revised on 12.12.19
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KEYSTONE ESSENTIAL SERIES

GENERAL PURPOSE LED BULBS
LIGHT MADE EASY"

KT-LED11A19-0-8XX

REPLACEMENT LAMP

PHYSICAL CHARACTERISTICS PACKAGING
A Carton Quantity 60 pcs
N e Carton Dimensions 15.55" x 13.07" x 10"

K Carton Weight 10.6 Ibs

LAMP DIMENSIONS
A (Length) 4.43"
B (Diameter) 2.36"

BASE TYPE: E26 (Medium)

ORDERING INFORMATION
ORDER CODE CARTON QUANTITY ITEM STATUS
KT-LED11A19-0-8XX 60 pcs Active

CATALOG NUMBER BREAKDOWN

KT-LED11A19-0-8XX

3 5 6 7

1 Keystone Technologies
2 LED Lamp

3 Wattage

4 Lamp Shape

5 Omni-Directional

6 800 Series

7 Color Temperature

Keystone Technologies ¢ Philadelphia, PA e Phone (800) 464-2680 ¢ www.keystonetech.com
Specifications subject to change. Last revised on 12.12.19
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KEYSTONE DRIVE

e e Loy " “DIRECT
q
HID LED

KT-LED18HID-E26-840-D

HID REPLACEMENT LED LAMP

RoHSH# YEAR
DESCRIPTION c“s RoHSH  HYEAR
18W HID Replacement LED Lamp | 4000K | >80 CRI | IP64 Rated

LISTED
LAMP TYPE: HID Replacement LED 4
BASE TYPE: E26 (Medium)

WATTAGE: 18W

COLOR TEMPERATURE: 4000K
METAL HALIDE EQUIVALENT: 70W
COLOR RENDERING INDEX (CRI): >80
WARRANTY: 5 Years

PRODUCT FEATURES

e Replacement for conventional metal halide lamp e Operating temperature: —29°C/-20°F to 60°C/140°F

e Non-dimmable; do not dim e Integral driver, eliminates the need for external driver or ballast;

® 50,000+ hour lifetime includes 4kV surge protection

e Environmentally friendly: No mercury used ¢ |P64 rated; integrated heat sink quickly dissipates heat and guides water
e |nstant startup intrusion out of the lamp

e UL listed e Suitable for use in fully enclosed fixture

Lamp does not meet CEC T20 requirements. Not to be sold or offered for sale in California, except when sold wholesale in California for final retail sale outside the state.

OPERATING SPECIFICATIONS

ELECTRICAL CHARACTERISTICS PHOTOMETRIC CHARACTERISTICS RATED LIFE
Input Voltage Power Consumption Power Factor Input Current Color Temperature (CCT) 4000K L70 (Hours) 50,000
0.15A @ 120V Luminous Flux 2520 Im
120-277Vac 18W >0.9 0.07A @ 277V
Color Rendering Index (CRI) >80
Efficacy 140 Im/W
Visible Light Area 360°
SPECTRAL DISTRIBUTION LUX DISTANCE CURVE
1.0
Flux Out: 588.2 Im A
/ 3.281ft] 5,798, 12.21fc 11.73ft
0.8 1m|'62.41, 131.41ix ‘ 346.41cm
= \ / \ 6.562ft 1 1.450, 3.052fC .. fe L —— 22.731t..]
E 06 , 2m|"15.60, 32.85Ix 692.8%cm
=
= \ / 9.843ft ] 0.6442, 1.3561C oo femmmmmmmm 34.101t ]
2 04 3m| 6.935, 14.601Ix 1039.23cm
= \V)
\ 13.12ft] 0.3624, 0.7629fc  fm———onu\ 45.46ft .|
0.2 4m | 3.901, 8.212Ix 1385.64cm
e Flux (W/nm) \ 16.40ft] 0.2319, 0.4883fc . f——rmmm o 20831
0 ‘ ; : .‘ SN— 5m | 2.496, 5,256/ 1733.05cm
350 425 500 575 650 725 800 Height Eavg, Emax Angle: 120.00° Diameter

Wavelength (nm) Note: The curves indicate the illuminated area and the average
illumination when the luminaire is at a different distance.

Keystone Technologies ¢ 1390 Welsh Road, North Wales, PA 19454 e Phone (800) 464-2680 ® www.keystonetech.com
Specifications subject to change. Last revised on 10.30.18
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KEYSTONLE DRIVE
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q
HID LED

KT-LED18HID-E26-840-D

HID REPLACEMENT LED LAMP

WIRING DIAGRAM
STEP 1

. . o o) 3¢ Ballast
Disconnect power. Disconnect and remove existing - ‘)ﬂf

p3
ballast, capacitor, and/or ignitor (where applicable) o X )
from fixture. 3 — e ]:@
0 -
I X i
NO a
STEP 2
Rewire for line voltage to the lamp socket. L g
(@]
o
(= h Lamp holder
N
.
N O
STEP 3
Install new LED replacement lamp. Ensure lamp is L g
operating properly when power is turned on. °
N
T
~
2
NO

PHYSICAL CHARACTERISTICS
LAMP DIMENSIONS

B
|
A A (llluminated Length) 2.44"
— B (Body Length) 5.70"
[ 5 ogg g o]
C (Diameter) 2.36"

Oooooooao

BASE TYPE: E26 (Medium)

ORDERING INFORMATION
ORDER CODE PACKAGING STYLE PACK QTY. ITEM STATUS
KT-LED18HID-E26-840-D-DP Distributor Pack (Individual Cartons) 12 Quick Ship

CATALOG NUMBER BREAKDOWN

KT-LED18HID-E26-840-D-DP

1 Keystone Technologies 4 Lamp Type 7 Color Temperature
2 LED Lamp 5 Base Type 8 Direct-Drive Series
3 Wattage 6 800 Series 9 Packaging Style

Keystone Technologies ¢ 1390 Welsh Road, North Wales, PA 19454 e Phone (800) 464-2680 ® www.keystonetech.com
Specifications subject to change. Last revised on 10.30.18
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KEYSTONE DRIVE
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HID LED

KT-LED8OHID-EX39-840-D /G2

HID REPLACEMENT LED LAMP

DESCRIPTION

c@us RoHSH
80W HID Replacement LED Lamp | 4000K | >80 CRI | IP64 Rated

- Compliant WARRANTY

LAMP TYPE: HID Replacement LED
BASE TYPE: EX39 (Mogul)

WATTAGE: 80W

COLOR TEMPERATURE: 4000K
METAL HALIDE EQUIVALENT: 320W
COLOR RENDERING INDEX (CRI): >80
WARRANTY: 5 Years

PRODUCT FEATURES

e Replacement for conventional metal halide lamp ¢ |P64 Rated; integrated heat sink quickly dissipates heat and

® 50,000+ hour lifetime guides water intrusion out of the lamp

e Environmentally friendly: no mercury used e Active cooling technology: When internal thermal sensor is

e |nstant startup engaged, lamp power reduces to 80% of max; when sensor

e UL Listed, DLC Listed cools, lamp powers back up to 100% rated power

e Operating temperature range: —30°C to 60°C / —22°F to 140°F. e Lamp includes safety tether for additional security when

e Exceeding 30°C / 86°F in fully enclosed fixtures will engage active installing lamp in luminaire
cooling and power de-rating to ensure full product lifetime e Suitable for use in fully enclosed fixture

e Integral driver, eliminates the need for external driver or e Do not use with standard dimmers. Not compatible with phase
ballast; includes 6kV surge protection dimmers. Dimming functions with sensors only

OPERATING SPECIFICATIONS

ELECTRICAL CHARACTERISTICS PHOTOMETRIC CHARACTERISTICS RATED LIFE
Input Voltage Power Consumption Power Factor Input Current Color Temperature (CCT) 4000K L70 (Hours) 50,000
0.73A @ 120V Luminous Flux 11,850 Im
120-277Vac 80W >0.9 0.32A @ 277V
Color Rendering Index (CRI) >80
Efficacy 148 Im/W
Visible Light Area 360°
SPECTRAL DISTRIBUTION
1.0
/ /\ SMART PORT
) \ / \
E 0.6 ,
2 \ / On the top of the lamp is a low-voltage
3 04 AUX port for lamp level sensor controls
o : V \ which are coming soon, Q2+ 2019.
0.2
| —— Flux Winm) | \
0 i i i S~
350 425 500 575 650 725 800

Wavelength (nm)

Keystone Technologies ® Philadelphia, PA e Phone (800) 464-2680 ¢ www.keystonetech.com
Specifications subject to change. Last revised on 5.23.19
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KEYSTONLE DRIVE
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HID LED

KT-LED8OHID-EX39-840-D /G2

HID REPLACEMENT LED LAMP

WIRING INSTRUCTIONS

STEP 1
Disconnect power. Disconnect

‘ot Ballast
and remove existing ballast, L O—ﬁe

capacitor, and/or ignitor (where ‘E X J
applicable) from fixture. IB —'—Capacitor ]:@
N -
‘. i
NO a
EX39-based lamps
STEP 2 will work in both
Rewire for line voltage to the E39 and EX39
lamp socket. - g sockets.
o _ _
= p Lamp holder
N
-
NO
E39 Mogul Socket
STEP 3
Install new LED replacement
lamp. Ensure lamp is operating Lg
properly when power is turned on. =
o
— & ]:IE E
s
Uj_ NO EX39 Mogul Socket
PHYSICAL CHARACTERISTICS
‘ A | LAMP DIMENSIONS
I ’l A (llluminated Length) 4.00"
— |\ B (Body Length) 9.72"
| DV C (Diameter) 5.12"
— ]
BASE TYPE: EX39 (Mogul)
=)
\:§\

v

Keystone Technologies ® Philadelphia, PA e Phone (800) 464-2680 ¢ www.keystonetech.com
Specifications subject to change. Last revised on 5.23.19
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KEYSTONE DRIVE
— HID LED

KT-LEDS8OHID-EX39-840-D /G2
HID REPLACEMENT LED LAMP

ORDERING INFORMATION
ORDER CODE PACK QTY. EASY CODE upC

e e Loy ‘ " “DIRECT‘
q

KT-LED8OHID-EX39-840-D /G2-DP 16 VKX-89 843654121192

KT-LED8OHID-EX39-840-D /G2-DP

Keystone Technologies
LED Lamp

Wattage

Lamp Type

Base Type

800 Series

Color Temperature
Direct-Drive Series
Second Generation
Packaging Style

CQVWoONOOLA,WNHH

-

Keystone Technologies ® Philadelphia, PA e Phone (800) 464-2680 ¢ www.keystonetech.com
Specifications subject to change. Last revised on 5.23.19
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KEYSTONE ,

KT-WPLED40-M2-8XX-VDIM

ARCHITECTURAL 40W FULL-CUTOFF LED WALL PACK

DESCRIPTION
Architectural 40W Full-Cutoff LED Wall Pack | 120-277V Input |
4000-5000K | Medium-Size Bronze Housing | Wide Optic Lens

APPLICATION
Building Mount for exterior illumination (perimeters, pathways,
loading docks, and other general security lighting requirements)

SN\

1Rd SYEAR

GUS

LISTED

PRODUCT FEATURES

e Architectural full-cutoff design improves the appearance of building exteriors and optimizes functional light distribution

e Heavy-duty, die-cast aluminum housing features modern aesthetics while retaining (5) available 1/2" threaded conduit hubs:
(1) on back and (1) on all four sides

e Powered by Keystone 0-10V dimming LED drivers

e Dark Sky friendly performance, eliminates undesirable sky glow and glare

e Features one translucent 3/4" threaded plug with anti-yellowing agent for use with photocell accessory KT-WPLED-PS-UV-KO

e Precision-crafted optical lens provides wide distribution pattern ideal for increased fixture spacing and uniformity

e Covers footprint of mid-size HID wallpacks

e Ambient operating temperature: —20°C/-4°F to 45°C/113°F

e UL listed for wet locations, IP65

e 0-10V dimming, 10% min

e Power Factor: >0.95

e THD: <20%

e |LED chip lifetime: L70 >100,000 hrs @ 25°C/77°F ambient fixture temp

e Meets FCC Part 15, Part B, Class A standards for conducted and radiated emissions

ELECTRICAL SPECIFICATIONS

Lumens PR s Housing Input . Legacy
Catalog Number Wattage  Lumens Below 90° Dimming CCT Efficacy CRI Color Voltage Rated Life Equivalent
KT-WPLED40-M2-840-VDIM 5000 Im 4965 Im 4000K 125 Im/W
40W 0-10V >80  Bronze 120-277V 50,000 hrs 175W MH
KT-WPLED40-M2-850-VDIM 5200 Im 5160 Im 5000K 130 Im/W

Keystone Technologies ¢ Philadelphia PA ® Phone (800) 464-2680 ¢ www.keystonetech.com
Specifications subject to change. Last revised on 06.02.20
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KEYSTONE

KT-WPLED40-M2-8XX-VDIM

ARCHITECTURAL 40W FULL-CUTOFF LED WALL PACK

PHOTOMETRIC SPECIFICATIONS

ISOCANDELA PLOT LUMINOUS INTENSITY DISTRIBUTION FLUX DISTRIBUTION
80° -+ 180° Zone Lumens % Luminaire
oo A;Q\ = = -Q\ Forward Light 3,171 Im 62.0%
s \ i "N 0°-30" 596 Im 11.6%
/\ ~ Y I~ 2 30°-60° 1,594 Im 31.2%
200 o S—
N 60°-80° 912 Im 17.8%
0 0 S LA S R R 80°-90° 70 Im 1.4%
—20° g T I Back Light 1,905Im  37.2%
_400 P . ) o 0
\ 0 / 0°-30 514 Im 10.1%
—60° RS i //A / 30°-60° 876 Im 17.1%
, \&hﬁ
-80 T 60°-80° 460 Im 9.0%
i ——— 80°-90° 54 Im 1.1%
—-80°-60° —40°-20° 0° 20° 40° 60° 80 Up Light 290m 0.8%
W Cd: 156 (10%) B Cd: 624 (40%) . 5 3
B Cd: 250 (16%) B Cd: 983 (63%) 90°-100 Slim Ga%
W Cd: 390 (25%) Cd: 1,560 (100%) Average diffuse angle (50%): 125.1° 100°-180° 36 Im 0.7%
1 Violet CO—C180 —
2 Green C90-C270 BUG™ Rating
3 Orange G36 Asymmetrical Luminare Types
Unit: cd Type I, I, 11, IV B2 U2 G1
Quadrilateral Symmetrical Luminare Types
Type V, Area Light B2 U2 G1
MOUNTING LIGHT D!STRIBUTION PATTERN o « Backlight, Uplight, Glare
Side view Isometric view from above; Luminaire mounted at 15'

60'
50

B

oo OO0O
OOOOUIN+F
—h = —h —h —h = =
ooooaoo

Keystone Technologies ¢ Philadelphia PA ® Phone (800) 464-2680 ¢ www.keystonetech.com
Specifications subject to change. Last revised on 06.02.20
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KEYSTONE ,

KT-WPLED40-M2-8XX-VDIM

ARCHITECTURAL 40W FULL-CUTOFF LED WALL PACK

PHYSICAL SPECIFICATIONS

}A 14.36" ,} }4 6.63" ,} }A 14.36" ,}

i ® L

6.63"

=N

[

GENERAL SETUP INSTRUCTIONS
GENERAL WIRING DIAGRAM

Caution: Before installing, make
certain that AC power to the

Black (Line) | _Purple Oim+) .10 fixture is off.
m - Gray (Dim-) ng?;&gpﬁg'ﬁf ng,m v Caut.ion: The eliectrical rating
120-277V Input = of this product is 120-277V.
Green (Ground) LED Driver Red (+) , Installer must confirm that there
[ Black () e phed w2d®  bc output is 120-277V at the fixture
= —° before installation.

ACCESSORIES (SOLD SEPARATELY)

Catalog Number Description
KTSP-10KV-C Wallpack 10kV Surge Protector, Compact Design
KT-WPLED-PS-UV-KO Keystone Wall Pack Button Photocell

Keystone Technologies ¢ Philadelphia PA e Phone (800) 464-2680 ¢ www.keystonetech.com
Specifications subject to change. Last revised on 06.02.20
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KEYSTONE ,

KT-WPLED40-M2-8XX-VDIM

ARCHITECTURAL 40W FULL-CUTOFF LED WALL PACK

ORDERING INFORMATION

ORDER CODE PACK QTY. ITEM STATUS
KT-WPLED40-M2-840-VDIM 1 Quick Ship
KT-WPLED40-M2-850-VDIM 1 Quick Ship

CATALOG NUMBER BREAKDOWN

KT-WPLED40-M2-8XX-VDIM

1 Keystone Technologies 2 Fixture Type 5 Size 6 Style

2 Fixture Type F Flood s Small 1 Non-Cutoff
3 LED Lamp WP Wallpack M Medium 2 Full-Cutoff
4 Max Wattage L Laree

5 Size g

6 Style N

7 CRI 7 CRI 8 Color 9 Dimming

8 Color 8 >80 40 4000K VDIM 0-10V
9 Dlmmlng 9 >90 50 5000K

Keystone Technologies ¢ Philadelphia PA ® Phone (800) 464-2680 ¢ www.keystonetech.com
Specifications subject to change. Last revised on 06.02.20
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AFiT Outdoor Fixtures

Keystone’s line of highly efficient LED outdoor lighting
solutions.

4  Floodlights

R
: PR s 8 Traditional Wall Packs
Keystone has a solution for your entire building, inside s

and out. We're expanding our popular line of XFit fixtures
and heading outdoors to meet your lighting needs for
building exteriors, parking lots, pathways and general
outdoor areas. Look for our Color Select and Power Select
technology on many of these new fixtures, allowing you

to field select from multiple color temperatures or lumen
outputs with a simple switch.

12 Full Cutoff Wall Packs
Ny 16 Small Wall Packs
. 20 Area Lights
28 Dusk-to-Dawn Fixtures

34 Part Numbers and Product Specs

Count on Keystone to bring you well-designed, versatile
products that allow for dramatic SKU/stocking reductions
and help contractors save time with easy installation,

while providing customers with dramatic energy savings.
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WARRANTY

Two mounting
options included
with every fixture

AHT ‘ FLOODLIGHT

Powerful, efficient LED lighting with
iIncredible versatility

COLOR SELECT TECHNOLOGY

e~ ADJUSTABLE: 3000K - 4000K - 5000K

BUILT-IN DUSK-TO-DAWN PHOTOCELL

AUTOMATICALLY TURNS ON/OFF WHEN DAYLIGHT
IS AVAILABLE FOR INCREASED ENERGY SAVINGS
(ACTIVATE WITH ON/OFF SWITCH)

BUILT-IN 120-277V KEYSTONE LED DRIVER

PROVIDES 0-10V DIMMING & AMPLE SURGE PROTECTION
FOR INCREASED VERSATILITY AND RELIABILITY

CONSOLIDATE SKUS WITH INTERCHANGEABLE MOUNTING OPTIONS INCLUDED

YOKE & KNUCKLE MOUNT INCLUDED FOR 15W, 35W, & 60W;
SLIPFITTER & TRUNNION MOUNT INCLUDED FOR 75W & 100W
ENSURES UNIVERSAL FIT



XFiT FLOODLIGHT FIXTURES r pri T

15W Flood Light:
Ground Mount at 6” above
horizontal; 8 from wall
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15W WITH
JUNCTION
BOX COVER
INSTALLED

FEATURES AND BENEFITS

e Ensures easy installation with two hardware mounting options included
e Reduces SKUs with selectable color temperature

e Adds energy savings with 0-10V dimming
Light Spread

. e Ensures proper heat sinking with sturdy and aesthetic design

1fc 2fc

\

SHOWN IN BRONZE SHOWN IN WHITE
WITH YOKE MOUNT WITH KNUCKLE MOUNT

PROTECTIVE TRANSLUCENT
PLUG PROVIDES EASY ACCESS
TO PHOTOCELL AND COLOR
TEMPERATURE DIP SWITCHES

T

i
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\
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AHT ‘ TRADITIONAL

Match the appearance of legacy
HID fixtures while covering the
same footprint

COLOR SELECT TECHNOLOGY

ADJUSTABLE: 3000K - 4000K - 5000K

3000K  4000K  5000K

BUILT-IN DUSK-TO-DAWN PHOTOCELL

AUTOMATICALLY TURNS ON/OFF WHEN DAYLIGHT
IS AVAILABLE FOR INCREASED ENERGY SAVINGS
(ACTIVATE WITH ON/OFF SWITCH)

BUILT-IN 120-277V KEYSTONE LED DRIVER

PROVIDES 0-10V DIMMING & AMPLE SURGE PROTECTION
FOR INCREASED VERSATILITY AND RELIABILITY

EASY INSTALLATION

YEAR

WARRANTY

5 KO ACCESS POINTS (4 SIDES AND 1 BACK)
AND CAPTIVE SCREWS INCLUDED

A,
,L . a * 100,000 HOUR
PREHiT LED LIFETIME
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TRADITIONAL WALL PACKS
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Light Spread

0.1fc 1fc

35W Traditional WP: Building
exterior mounted at 15’

2fc 5*fc

35W TRADITIONAL
WALL PACK FEATURING
BOROSILICATE GLASS LENS

FEATURES AND BENEFITS

e Adds energy savings with 0-10V dimming
e  Provides uniform light distribution with advanced optical lens technology
e Fits existing legacy product footprint (14” & 17")

e Designed with two dip switches (for photocell and color temperature adjustment)
protected by a translucent plug

e Borosilicate Glass lens is high impact resistant and prevents discoloration over time

PROTECTIVE TRANSLUCENT
SWITCH PLUG TO ACCESS
PHOTOCELL AND COLOR
TEMPERATURE DIP SWITCHES

SIDE OPENING FOR EASY ACCESS



i

HT ‘ WALL PACK FIXTURES

timize light distribution and
prove the appearance of building
oS

IMPROVED APPEARANCE WITH ARCHITECTURAL
FULL CUTOFF DESIGN

OPTIMIZE LIGHT DISTRIBUTION

LIGHT THE SAME AREA WITH FEWER FIXTURES

BUILT-IN 120-277V KEYSTONE LED DRIVER

PROVIDES 0-10V DIMMING & AMPLE SURGE PROTECTION
FOR INCREASED VERSATILITY AND RELIABILITY

100,000 HOUR
‘ * LED LIFETIME LE\)T6550 xAER%\IB

12 13




XFiT FULL CUTOFF WALL PACKS

60W FULL CUTOFF

FEATURES AND BENEFITS

e FEliminates undesirable sky glow and glare with dark sky friendly performance

e  Covers the existing footprint of mid-size legacy HID fixtures with an updated design, while hiding
any unsightly marks and fading

e |ncreases control and energy efficiency with photocell accessory (available separately)
e Provides wide light distribution with advanced optical lens technology, ideal for increased fixture

spacing and uniformity
Light Spread

0.1fc 1fc 2fc 5*fc

\\\\\

40W Full Cutoff WP:
Building exterior mounted at 15’

SIDE OPENING FOR EASY ACCESS
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AHT ‘ SMALL LOW PROFILE

Flexible mounting virtually

3000K

4000K  5000K,

anywhere with a compact design

COLOR SELECT TECHNOLOGY (on select models)
ADJUSTABLE: 3000K - 4000K - 5000K

BUILT-IN DUSK-TO-DAWN PHOTOCELL

AUTOMATICALLY TURNS ON/OFF WHEN DAYLIGHT
IS AVAILABLE FOR INCREASED ENERGY SAVINGS
(ACTIVATE WITH ON/OFF SWITCH)

BUILT-IN 120-277V KEYSTONE LED DRIVER

PROVIDES 0-10V DIMMING & AMPLE SURGE PROTECTION
FOR INCREASED VERSATILITY AND RELIABILITY

17



XFiT SMALL LOWPROFILE WALL PACKS i

20W SMALL LOW PROFILE

FEATURES AND BENEFITS

e  Meets general safety and security illumination needs with a uniform vertical and horizontal light
distribution pattern

l ' e Ensures reliable operation with a Keystone LED dimming driver
e  Provides ADA compliance with low profile housing (less than 4” deep)
e Reduces glare at low mounting height applications with advanced poly carb lens technology
e Designed with two dip switches (protected by a translucent plug) to disable the photocell

and adjust color temperature as needed.

Light Spread

0.1fc 1fc 2fc 5*fc

20W Small Wall Pack: Building
exterior mounted at 10’

PROTECTIVE TRANSLUCENT
SWITCH PLUG TO ACCESS
PHOTOCELL AND COLOR
TEMPERATURE DIP SWITCHES

SHOWN IN SHOWN IN SHOWN IN
BRONZE WHITE BLACK



A full portfolio of area lights for any job.

Select units feature Keystone’s Power Select options, creating simplified stocking and a reduction
of SKU inventory by up to 90%.

PREMIUM LED LIFETIME TED WARRANTY

L 0sy
ic €@ * 100000 HoUR  |P6 YEAR
I5TEY; RA

20

AFiT AREALIGHTS

Low profile, energy efficient,
flexible solutions

POWER SELECT TECHNOLOGY (on select models)
REDUCE SKUS AND INCREASE BOTH FLEXIBILITY

AND CONVENIENCE WITH FIELD ADJUSTABLE
POWER OUTPUTS (3 OPTIONS)

BUILT-IN 120-277V KEYSTONE LED DRIVER

PROVIDES 0-10V DIMMING & AMPLE SURGE PROTECTION
FOR INCREASED VERSATILITY AND RELIABILITY

INTEGRAL LATCH DESIGN FOR HASSLE FREE HINGED
ACCESS TO DRIVER COMPARTMENT

4 CONTRACTOR FRIENDLY MOUNTING
OPTIONS SHARED BETWEEN ALL SIZES

FOUR OPTICS TYPES AVAILABLE (Il & V STOCK, Il & IV 7-10 DAYS LT)

CRRCIN )
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XFiT AREALIGHTS

MOTION SENSOR
(OPTIONAL)

290W LARGE AREA LIGHT

FEATURES AND BENEFITS:

e Field installable, screw-in motion sensor (optional)

e Compact, low profile design delivers high performance illumination and improves
application site aesthetics

= e Integrated NEMA/ANSI C136.10 3-pin twist-lock receptacle with shorting cap,
standard on all fixtures, simplifies ordering requirements
MEDIUM
e Trusted Keystone 0-10V driver for smooth dimming and energy savings
e Available in 120-277V and 480V
4 e  Heavy-duty, die-cast aluminum housing with ample heat sinking for enhanced thermal performance
SMALL e Superior surge protection with 6kV built-in plus 10kV external protection

SHOWN OPEN WITH 3-PIN NEMA TWIST-LOCK
KEYSTONE DRIVER RECEPTACLE



XFiT SPECIAL STOCKING OPTIONS U METE e

Unique stocking options — all components in one simple package = el Mo S ﬁ*—————

TYPEI TYPEV
OPTIC PACKAGE OPTIC PACKAGE

e  Power Select - field adjustable wattage options: 140W / 100W / 70W medium fixture e Power Select - field adjustable wattage options: 140W / 100W / 70W medium fixture
¢ [ncludes adjustable pole mount kit and photocell with Type Ill fixture optics e Includes pre-installed slipfitter mount kit and photocell with Type V fixture optics
e 12V AUXtap e 12V AUXtap
e Available in 4000K or 5000K e Available in 4000K or 5000K
e 6KV built-in plus 10kV external surge protection e 6kV built-in plus 10kV external surge protection
e |deal for multi-headed pole applications e |deal for single-headed and general flood applications
24 i o SN A
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PACKAGE INCLUDES: PACKAGE INCLUDES:
TYPE Il OPTICS TYPE V OPTICS

{

DAYLIGHT SENSOR
DAYLIGHT SENSOR ADJUSTABLE POLE AND SHORTING CAP SLIPFITTER

AND SHORTING CAP MOUNT KIT . . MOUNT KIT . )
140W Medium Area Light: (PRE-INSTALLED) 140W Medium Area Light:
Parking lot mounted at 30’ Parking lot mounted at 30’

25




XFiT AREALIGHTS PROJECT OPTIONS

Customize your fixture package in 4 easy steps

1 = Select Fixture

SMALL:
70W /9800 LUMENS
110W /14000 LUMENS

MEDIUM:

140W /19600 LUMENS

LARGE:
210W /29400 LUMENS
290W / 40600 LUMENS

2. Select Optic

TYPE”
. p

TYPE V n

3 . Select Mount

ADJUSTABLE
POLE MOUNT

FIXED POLE 'S e
MOUNT

SLIPFITTER
MOUNT

TRUNNION
MOUNT

MOTION
SENSOR

DAYLIGHT
SENSOR

Select Additional
Accessories:

e GLARE SHIELDS - Page 41
e POLE ACCESSORIES - Page 42




AHT ‘ DUSK-TO-DAWN

Functional style to

withstand the rigors of
commercial applications

COLOR SELECT TECHNOLOGY (on select models)

3000K  4000K  5000K

ADJUSTABLE: 3000K - 4000K - 5000K

POWER SELECT TECHNOLOGY (on select models)

REDUCE SKUS AND INCREASE BOTH FLEXIBILITY
AND CONVENIENCE WITH FIELD ADJUSTABLE
POWER OUTPUTS (3 OPTIONS)

This dusk-to-dawn fixture offers multi-purpose general area
lighting options in a common aesthetic. To maximize energy
savings, it also features daylight sensing capability through
a standard NEMA twist-lock receptacle, allowing the units
to dim down in stages and has an optional motion sensor
available.

BUILT-IN DUSK-TO-DAWN PHOTOCELL

AUTOMATICALLY TURNS ON/OFF WHEN DAYLIGHT
IS AVAILABLE FOR INCREASED ENERGY SAVINGS
(ACTIVATE WITH ON/OFF SWITCH)

50°C MAX AMBIENT TEMPERATURE

A
LC 100,000 HOUR
PRIE“N'I‘I:JM LED LIFETIME IIRET ED XAER%\IB

28 29

DESIGNED TO HANDLE HARSH CONDITIONS
WITH AMPLE HEAT SINKING




XFiT DUSK-TO-DAWN FIXTURES

COLOR POWER
SELECT SELECT
SWITCH SWITCH

60W DUSK-TO-DAWN LIGHT

A

FEATURES AND BENEFITS

e Compact design matches appearance and light distribution of legacy HID, optimized for
one to one replacements

e Impact resistant and highly diffused poly carb lens with anti-yellowing agent offers reduced glare
for low mounting height applications

e NEMA 3-Pin photocell included
e  Ensures reliable operation with a Keystone LED dimming driver

e Heavy-duty, die-cast aluminum housing with ample heat sinking for enhanced thermal performance

Light Spread

60W Dusk-to-Dawn Light:
Barn exterior mounted at 20’

DUSK-TO-DAWN FIXTURE
WITH PHOTOCELL INCLUDED



Ordering a sample is always
easy.

Keystone
€S the o
fo - ol §
T All Ym" nghtmg H'JE& Shﬂg
LEn hlﬂps EEGS

H0 Replagey
ot
SINCE 1945 LED Drivery il

KEY\_S_IDNE i

Future Fif gy Retroft kit

LIGHT MADE EASY s"‘“s"’““"mmm.up
Emergency Ballzsy

Fluorescent Lamps
www. keystonetech.com beissan
Sign Ballasts
HID Ballasts
Transformers 5
Sensors

Lighting Layouts

Keystone offers complimentary lighting layout services for our products, to help take the next step in bringing your
project to life. We can provide answers to your lighting questions to determine how many fixtures you need, what
types of lamps are best for your applications, and how to save the maximum amount of energy, all within budget.
By utilizing industry leading lighting layout design software, we provide accurate and dependable application
keystonetech.com/samples renderings. For new construction or retrofit, simply provide Keystone with a few key project details, and our lighting
designers will get to work on your request.

samples@keystonetech.com

Visit: keystonetech.com/lighting-layout

800.464.2680



.|
Floodlights

COLOR POWER =
] SELECT:II> ] SELEET> .

-
METAL HALIDE
EQUIVALENT SELECTABLE INPUT HOUSING PHOTOCELL MOUNTING
CATALOG NUMBER WATTAGE WATTAGE LUMENS EFFICACY COLOR TEMPS VOLTAGE DIMMING COLOR INCLUDED INCLUDED
2100 140 Im/W Universal
KT-FLED15-R1A-UNV-8CSB-VDIM 15W 70W 2175 145 Im/W 120277V 0-10V  Bronze Yes 1/2" Knuckle
1920 128 Im/W or Yoke
2100 140 Im/W Universal
KT-FLED15-R1A-UNV-8CSB-VDIM-W ~ 15W 70W 2175 145 Im/W 120277V 0-10V  White Yes 1/2" Knuckle
1920 128 Im/W or Yoke
4900 140 Im/W Universal

KT-FLED35-R1A-UNV-8CSB-VDIM 35W 150-175W 5075 145 Im/W 120-277v 0-10V Bronze Yes 1/2” Knuckle

4480 128 Im/W or Yoke
4900 140 Im/W Universal
KT-FLED35-R1A-UNV-8CSB-VDIM-W 35W 150-175W 5075 145 Im/W 120-277V 0-10V White Yes 1/2" Knuckle
4480 128 Im/W or Yoke
8040 134 Im/W Universal
KT-FLED60-R1A-UNV-8CSB-VDIM 60W 250W 8580 143 Im/W 120-277V 0-10V Bronze Yes 1/2" Knuckle
7320 122 Im/W or Yoke
8040 134 Im/W Universal
KT-FLED60-R1A-UNV-8CSB-VDIM-W 60W 250W 8580 143 Im/W 120-277V 0-10V White Yes 1/2" Knuckle
7320 122 Im/W or Yoke
10050 134 Im/W Universal
KT-FLED75-R1A-UNV-8CSB-VDIM 75W 250-320W 10725 143 Im/W 120-277V 0-10V Bronze Yes S?isf/itster
9150 122 Im/W or Trunnion
13400 134 Im/W Universal
KT-FLED100-R1A-UNV-8CSB-VDIM 100W 400W 14300 143 Im/W 120-277V 0-10V Bronze Yes S?isf/itgter
12200 122 Im/W or Trunnion

FIXTURE ACCESSORIES FOR FLOOD LIGHTS

]
Traditional Wall Packs

<‘1:C0L0R : <||:POWER :
SELECT SELECT

METAL HALIDE

EQUIVALENT SELECTABLE INPUT HOUSING ~ PHOTOCELL ~ NOMINAL
CATALOG NUMBER WATTAGE WATTAGE LUMENS EFFICACY  COLOR TEMPS VOLTAGE DIMMING COLOR INCLUDED WIDTH
4690 134 Im/W
KT-WPLED35-M1-8CSB-VDIM 35W 150W 5040 144 Im/W 120-277v 0-10V Bronze Yes 14"

4865 139 Im/W
7370 134 Im/W

KT-WPLED55-M1-8CSB-VDIM 55W 175-250W 7920 144 Im/W 120-277v 0-10V Bronze Yes 14"
7645 139 Im/W
10800 135 Im/W

KT-WPLED80-M1-8CSB-VDIM 80W 250-320W 11600 145 Im/W 120-277v 0-10V Bronze Yes 14”7
11200 140 Im/W
15600 130 Im/W

KT-WPLED120-L1-8CSB-VDIM 120W 400W 16800 140 Im/W 120-277v 0-10V Bronze Yes 177
16200 135 Im/W

FIXTURE ACCESSORIES FOR TRADITIONAL WALL PACKS

10KV SURGE PROTECTOR, COMPACT DESIGN

KTSP-10KV-C >

i

FLOOD LIGHT
SURFACE MOUNT KIT >

KT-FLED-SM-1-KIT

4” ROUND FLOOD LIGHT
JUNCTION BOX COVER >

KT-FLED-RC-4

4” ROUND FLOOD LIGHT

JUNCTION BOX COVER > ~ 3 >
\ Ry 2y

KT-FLED-RC-4-W C ) »

The products on this page have Color Select technology and can be switched between these color temperatures:

3000K 4000K 5000K
30 Soft White 40 Cool White 50 Daylight White
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The products on this page have Color Select technology and can be switched between these color temperatures:

3000K 4000K 5000K
30 Soft White 40 Cool White 50 Daylight White
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CATALOG NUMBER WATTAGE
KT-WPLED40-M2-8xx-VDIM 40W
KT-WPLED60-M2-8xx-VDIM 60W

KT-WPLED100-M2-8xx-VDIM 100w

]
Full Cutoff Wall Packs

METAL HALIDE AVAILABLE INPUT HOUSING
EQUIVALENT WATTAGE ~ LUMENS EFFICACY COLOR TEMPS VOLTAGE DIMMING COLOR
175W 5200 130 Im/W 120-277v 0-10V Bronze
250W 7800 130 Im/W 120-277v 0-10V Bronze
400W 13000 130 Im/W 120-277v 0-10V Bronze

FIXTURE ACCESSORIES FOR FULL CUTOFF WALL PACKS

PHOTOCELL
INCLUDED

No
No
No

NOMINAL
WIDTH

14"
14"
14"

KTSP-10KV-C

10KV SURGE PROTECTOR, COMPACT DESIGN

KTSP-WPLED-PS-UV-KO

WALL PACK BUTTON PHOTOCELL

If xx is used in a product catalog number, select an available color temperature and replace xx with the first two digits of that temperature when ordering.
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4000K 5000K
40 Cool White 50 Daylight White

]
Small Low Profile Wall Packs

L]
< -LOLOR P
SELECT
COLOR SELECT
METAL HALIDE SELECTABLE INPUT HOUSING ~ PHOTOCELL
CATALOG NUMBER WATTAGE ~ EQUIVALENT WATTAGE ~ LUMENS EFFICACY ~ COLOR TEMPS  VOLTAGE DIMMING COLOR INCLUDED
2500 125 Im/W
KT-WPLED20-S1-8CSB-VDIM 20W 50-70W MH 2700 135 Im/W 120-277V 0-10vV Bronze Yes
2600 130 Im/W
2500 125 Im/W
KT-WPLED20-S1-8CSB-VDIM-B 20W 50-70W MH 2700 135 Im/W 120-277V 0-10vV Black Yes
2600 130 Im/W
2500 125 Im/W
KT-WPLED20-S1-8CSB-VDIM-W 20w 50-70W MH 2700 135 Im/W 120-277V 0-10v White Yes
2600 130 Im/W
DEDICATED COLOR
METAL HALIDE AVAILABLE INPUT HOUSING ~ PHOTOCELL
CATALOG NUMBER WATTAGE ~ EQUIVALENT WATTAGE ~ LUMENS ~ EFFICACY  COLOR TEMPS  VOLTAGE DIMMING COLOR INCLUDED
KT-WPLED20-S1-840-VDIM 20W 50-70W 2500 125 Im/W 4000K 120-277V 0-10v Bronze Yes
KT-WPLED20-S1-850-VDIM 20W 50-70W 2500 125 Im/W 5000K 120-277V 0-10V Bronze Yes
FIXTURE ACCESSORIES FOR SMALL LOW PROFILE WALL PACKS
KTSP-10KV-C > 10KV SURGE PROTECTOR, COMPACT DESIGN
The products on this page with Color Select technology can be switched between these color temperatures:
3000K 4000K 5000K
30 Soft White 40 Cool White 50 Daylight White
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.|
Special Stocking Area Lights

<::POWER [
SELECT

Premium package includes a medium size 70W / 100W / 140W Power Select fixture body, mounting kit, and a 3-pin twist-lock photocell
(with 7-pin receptacle and shorting cap) in a full color box. An additional mounting kit is not required with these packages.

TYPE 111 OPTIC PACKAGE

PACKAGE INCLUDES:

v

DAYLIGHT SENSOR ADJUSTABLE POLE
AND SHORTING CAP MOUNT KIT
CATALOG NUMBER “WeE WATIGE coialentwaace  WMENS EFFCACY  o0{OpTAbs oimage  DMMING GBI TgoiGRS
140w 19600
KT-ALED140PS-M1-3-PMA-8x-VDIM-P Il 100w 175W-400W 14300 140 Im/W 120277V 0-10V >80  Bronze
70W 10200

TYPE V OPTIC PACKAGE

PACKAGE INCLUDES:

E A&

DAYLIGHT SENSOR SLIPFITTER
AND SHORTING CAP MOUNT KIT
CATALOG NUMBER OIS WATTAGE o e A e LUMENs  EFFicacy  JVERASLE o Nt DiMmiNg  cRI MOPSNG
140W 19600
KT-ALED140PS-M1-5-SF-8xx-VDIM-P \% 100W 175W-400W 14300 140 Im/W 120-277V. 0-10v >80  Bronze
70W 10200

If xx is used in a product catalog number, select an available color temperature and replace xx with the first two digits of that temperature when ordering.

4000K 5000K
40 Cool White 50 Daylight White
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]
Area Lights

SMALL AREA LIGHTS

FIXTURE DIMENSIONS
> LENGTH WIDTH HEIGHT
14.06" 9.13" 2.60"

OPTICS METAL HALIDE AVAILABLE INPUT HOUSING
CATALOG NUMBER TYPE * WATTAGE EQUIVALENT WATTAGE LUMENS EFFICACY COLOR TEMPS VOLTAGE DIMMING CRI COLOR **
KT-ALED70-S1-3-NM-8xx-VDIM 1l
70W 175-250W 9800 140 Im/W 120-277v 0-10Vv >80 Bronze

KT-ALED70-S1-5-NM-8xx-VDIM v
KT-ALED100-S1-3-NM-8xx-VDIM 1l
KT-ALED100-S1-5-NM-8xx-VDIM

100W 250-320W 14000 140 Im/W 120-277v 0-10Vv >80 Bronze

MEDIUM AREA LIGHTS

FIXTURE DIMENSIONS

> LENGTH WIDTH HEIGHT
14.21” 13.11" 2.76"

OPTICS METAL HALIDE AVAILABLE INPUT HOUSING
CATALOG NUMBER TYPE * WATTAGE EQUIVALENT WATTAGE LUMENS EFFICACY COLOR TEMPS VOLTAGE DIMMING  CRI COLOR **
KT-ALED140-M1-3-NM-8xx-VDIM I
140W 400W 19600 140 Im/W 120-277v. 0-10v >80 Bronze
KT-ALED140-M1-5-NM-8xx-VDIM
KT-ALED140HV-M1-3-NM-8xx-VDIM I
140W 400W 19600 140 Im/W 277-480v  0-10Vv >80 Bronze

KT-ALED140HV-M1-5-NM-8xx-VDIM

LARGE AREA LIGHTS

FIXTURE DIMENSIONS

> LENGTH WIDTH HEIGHT
21.93” 13.11" 2.76"
OPTICS METAL HALIDE AVAILABLE INPUT HOUSING
CATALOG NUMBER TYPE * WATTAGE EQUIVALENT WATTAGE LUMENS EFFICACY COLOR TEMPS VOLTAGE DIMMING CRI COLOR **
KT-ALED210-L1-3-NM-8xx-VDIM 1
210w 400-750W 29400 140 Im/W 120-277 0-10v >80  Bronze
KT-ALED210-L1-5-NM-8xx-VDIM
KT-ALED290-L1-3-NM-8xx-VDIM 1
290w 1000w 40600 140 Im/W 120-277 0-10v >80  Bronze
KT-ALED290-L1-5-NM-8xx-VDIM
KT-ALED290HV-L1-3-NM-8xx-VDIM 1
290w 1000w 40600 140 Im/W 277-480V  0-10V >80  Bronze

KT-ALED290HV-L1-5-NM-8xx-VDIM

Type Il and Type IV optics available with short lead time.

*  Fixtures with Type 2 (I1) and Type 4 (IV) optics are available and assembled to order. Lead times may apply. See spec sheets for full ordering code details.

** Fixtures/Mounts with alternate housing colors are available and made to order. Extended lead times apply. See spec sheets for full ordering code details.

If xx is used in a product catalog number, select an available color temperature and replace xx with the first two digits of that temperature when ordering.

4000K 5000K
40 Cool White 5 Daylight White
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Area Lights

MOUNTING KITS (One Required Per Fixture)

CATALOG NUMBER
KT-ALED-PM-1-KIT
KT-ALED-PMA-1-KIT
KT-ALED-SF-1-KIT
KT-ALED-TM-1-KIT

DESCRIPTION
Fixed pole mount kit; suitable for round or square poles
Adjustable pole mount kit; suitable for round or square poles
Slipfitter mount kit; fits 2 3/8" tenon

Trunnion mount kit

HOUSING COLOR FEATURES
Bronze Easy access plate design
Bronze Adjustable angle design with easy access plate
Bronze Easy access plate design
Bronze N/A

FIXED POLE MOUNT

>

ADJUSTABLE POLE MOUNT

$ ™~

SLIPFITTER MOUNT

>

TRUNNION MOUNT

Area Lights

FIXTURE ACCESSORIES

CATALOG NUMBER
Performance Accessories
KT-ALED-GS-S1-KIT
KT-ALED-GS-M1-KIT
KT-ALED-GS-L1-KIT
KTSP-10KV-C

Control Accessories
KT-TLP-UV-3PN
KT-TLP-HV-3PN
KT-RSC-7PN
KTS-MW3-12V-PKO /X

DESCRIPTION

Reversible glare shield kit for small area light fixtures; bronze housing
Reversible glare shield kit for medium area light fixtures; bronze housing
Reversible glare shield kit for large area light fixtures; bronze housing

10kV surge protector; compact design

NEMA 3-pin photocell 120-277V; 1800VA max; blue housing
NEMA 3-pin photocell 200-480V; 1800VA max; yellow housing
NEMA 7-pin receptacle and shorting cap; black housing

Microwave sensor for up to 30" mounting height with pre-set standby level of 50% after a 10 minute hold time

OPTIC TYPES

REVERSIBLE GLARE SHIELD

Micremuma Sensss

MICROWAVE MOTION SENSOR

Provides a lateral distribution of light; ideal for walkways,

TYPE I

on-ramps, and other pathways

TYPE Il

h N

Projects light outward; ideal for roadways, general parking areas,
and any large application where general lighting is required

3-PIN PHOTOCELL (YELLOW)

7-PIN RECEPTACLE 200-480V

3-PIN PHOTOCELL (BLUE)
120-277V

Semi-circular shape provides a forward throw light; ideal for
perimeter applications such as parking areas and sides of buildings

TYPE IV

N

TYPEV

N
/N

Produces a circular distribution that has the same intensity at all
angles; ideal for intersections, commercial parking lot lighting,
and any areas where sufficient, evenly distributed light is necessary
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POLE ACCESSORIES
CATALOG NUMBER
Wall Mount Tenon Adaptors
KT-WMT-S
KT-WMT-S90

]
Area Lights

DESCRIPTION

Wall mount single 2 3/8" tenon; bronze housing

Wall mount single 2 3/8" tenon; 90° bronze housing

Pole Mount Side Tenon Adaptors

KT-PMST-SQ-S
KT-PMST-R-S

Pole mount single 2 3/8" tenon; side mount for square pole; bronze housing

Pole mount single 2 3/8" tenon; side mount for round pole; bronze housing

Pole Mount Top Tenon Adaptors

KT-PMTT-4R-SV
KT-PMTT-4SQ-SV
KT-PMTT-5SQ-SV
KT-PMTT-4SQ-S90
KT-PMTT-4SQ-D180
KT-PMTT-4SQ-D90
KT-PMTT-4SQ-T90
KT-PMTT-4SQ-Q90

Bullhorn Adaptors
KT-BH-SF-D180
KT-BH-SF-T180
KT-BH-SF-T120
KT-BH-SF-Q180
KT-BH-SF-Q90

Pole mount single 2 3/8" tenon; top mount vertical for 4" round pole; bronze housing

Pole mount single 2 3/8" tenon; top mount vertical for 4" square pole; bronze housing

Pole mount single 2 3/8" tenon; top mount vertical for 5" square pole; bronze housing

Pole mount single 2 3/8" tenon; top mount horizontal 90° for 4" square pole; bronze housing
Pole mount dual 2 3/8" tenon; top mount horizontal 180° for 4" square pole; bronze housing
Pole mount dual 2 3/8" tenon; top mount horizontal 90° for 4" square pole; bronze housing
Pole mount triple 2 3/8" tenon; top mount horizontal 90° for 4" square pole; bronze housing

Pole mount quad 2 3/8" tenon; top mount horizontal 90° for 4" square pole; bronze housing

Dual bull horn; in-line 180° slips over 2 3/8" tenon
Triple bull horn; in-line 180° slips over 2 3/8" tenon
Triple bull horn, 120°, slips over 2 3/8" tenon

Quad bull horn; in-line 180°% slips over 2 3/8" tenon
Quad bull horn, 90° slips over 2 3/8" tenon

I
Dusk-to-Dawn Fixtures

COLOR POWER L —
] SELECT:,1> j SELECT:II>

COLOR AND POWER SELECT

CATALOG NUMBER OPTICS ~ SELECTABLE

METAL HALIDE LUMENS  EFFICACY SELECTABLE INPUT DIM-

TYPE WATTAGES EQUIVALENT WATTAGE COLOR TEMPS VOLTAGE MING
30W 5200
KT-ALED60PS-D2D-WM-8CSB-VDIM \ 40W 150-250W 6850 l?r?q/wo 120-277V 0-10V
60W 9250
DEDICATED COLOR
OPTICS METAL HALIDE AVAILABLE INPUT
CATALOG NUMBER Type. WATTAGE  LolvaLENT waTTAGE  UMENS EFFICACY COLOR TEMPS VOLTAGE DIMMING
KT-ALED40-D2D-WM-850-VDIM % 40W 175W 6100 150 Im/W 5000K 120-277V 0-10v
FIXTURE MOUNT ACCESSORIES FOR DUSK TO DAWN LIGHTS
CATALOG NUMBER DESCRIPTION COLOR
KT-ALED-CA-D2D-KIT 24" curved arm mounting pole for dawn to dusk area light Gray

CRI

>80

CRI

>80

HOUSING
COLOR

Gray

HOUSING
COLOR

Gray

CURVED ARM MOUNTING POLE >

VAV I

WALL MOUNT TENON
ADAPTOR
(KT-WMT-S)

90° WALL MOUNT TENON POLE MOUNT SIDE
ADAPTOR TENON ADAPTORS
(KT-WMT-S90)

ROUND TOP MOUNT
VERTICAL TENON
(KT-PMST-SQ-S ADAPTOR

AND KT-PMST-R-S) (KT-PMTT-4R-SV)

SQUARE TOP MOUNT
VERTICAL TENON
ADAPTOR
(KT-PMTT-4SQ-SV
AND KT-PMTT-5SQ-SV)

90° DUAL TOP MOUNT
HORIZONTAL TENON
ADAPTOR
(KT-PMTT-4SQ-D90)

180° DUAL TOP MOUNT TRIPLE TOP MOUNT QUAD TOP MOUNT

HORIZONTAL TENON HORIZONTAL TENON HORIZONTAL TENON
ADAPTOR ADAPTOR ADAPTOR

(KT-PMTT-4SQ-D180) (KT-PMTT-4SQ-T90) (KT-PMTT-4SQ-Q90)

DUAL BULL HORN
ADAPTOR
(KT-BH-SF-D180)

180° TRIPLE BULL HORN ADAPTOR
(KT-BH-SF-T180)

180° QUAD BULL HORN ADAPTOR
(KT-BH-SF-Q180)

120° TRIPLE BULL
HORN ADAPTOR
(KT-BH-SF-T120)

90° QUAD BULL
HORN ADAPTOR
(KT-BH-SF-Q90)
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The products on this page with Color Select technology can be switched between these color temperatures:

3000K 4000K 5000K
30 Soft White 40 Cool White 50 Daylight White
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KEYSTONLE

Page 1 of 2

1ISmarRTDRIVE LEDE

PLUG & PLAY WITH BALLAST

KT-LED8T8-24GC-840-S

T8 LED LAMP

DESCRIPTION
8W T8 LED | 4000K | >80 CRI I High Efficiency | Ballast Compatible

LAMP TYPE: Linear

BULB TYPE: T8 LED

BASE TYPE: G13 (Medium Bi-Pin)
WATTAGE: 8W

COLOR TEMPERATURE: 4000K
COLOR RENDERING INDEX (CRI): >80
WARRANTY: 5 Years

PRODUCT FEATURES

e Compatible with Most Instant and Program Start Electronic T8 Ballasts,
Contact Keystone for Ballast Compatibility List

e Direct Replacement for F17T8 Fluorescent Lamps

e UL Listed; Listed on DLC QPL

e 50,000+ Hour Lifetime

e Environmentally Friendly: No Mercury Used

e |nstant Startup

e Frosted Lens Eliminates Pixelation

i RoHSH
@ @ “““'s“" Compliant m@&@
Ks@n@
LQ' =
Keygez
%:T?L; (t%
I~

e Operating Temperature: -20°C/-4°F to 45°C/113°F

e 100+ Lumens per Watt (Bare Lamp Efficacy)

e Suitable for Dry and Damp Locations

e Improved Lamp Durability with Shatterproof Coated Glass,
designed to pass drop tests of 6" on hard surface

e NSF Listed: NSF/ANSI Standard 2 - Food Equipment,
Splash Zone (Not for Direct Food Zone without additional
fixture considerations)

OPERATING SPECIFICATIONS
ELECTRICAL AND PERFORMANCE CHARACTERISTICS

System Wattage*
Bare Lamp  Nominal Lamp
CRI Wattage Lumens 0.78BF  0.88BF 1.18BF

Ballast Dependent >80 8W 1150 Im 9.3W 10.4W 14.3W
* Nominal values. Actual values may vary depending on electronic ballast used.

Input Voltage

RATED LIFE

L70 (Hours) 50,000

Initial Lumens* Nominal
Beam Bare Lamp  Power Max.
0.78BF 0.88BF 1.18BF Angle Efficacy Factor THD
1110Im 1235Im 1610 Im 220° 127.0 >0.9 20%

POLAR CANDELA DISTRIBUTION

SPECTRAL DISTRIBUTION
1.0

s Flux (W/nm)

0.8

0.6

Flux (W/nm)

0.4

0.2

0.0 | | | |
350 425 500 575 650 725
Wavelength (nm)

800

Maximum Candela = 1248.55
Located at Horizontal Angle = 0,
Vertical Angle O

1. Violet Vertical Plane through Horizontal
Angles (90-270)

2. Green Vertical Plane through Horizontal
Angles (0-180)

Beam Angle: 220°

Visible Light Area: 325°

Keystone Technologies ¢ 1390 Welsh Road, North Wales, PA 19454 e Phone (800) 464-2680 ® Fax (888) 966-0556 ® www.keystonetech.com

Specifications subject to change. Last revised on 1.19.18
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KEYSTONE 1ISmaAaRTDRIVE LEDF

PLUG & PLAY WITH BALLAST

KT-LED8T8-24GC-840-S

T8 LED LAMP

WIRING

Plug and Play: Simply replace the existing fluorescent lamp with Keystone Smart Drive LED lamp. No changes to the existing fluorescent
ballast wiring needed. For ballast compability questions, please contact Keystone.

PHYSICAL CHARACTERISTICS
LAMP DIMENSIONS

< A > A (Illuminated Length) 20.68”
LTc B (Body Length) 23.19”
[ B > C (Diameter) 1.00"
NOMINAL LENGTH: 24" BASE TYPE: G13 (Medium Bi-Pin)
ORDERING INFORMATION
ORDER CODE PACKAGING STYLE PACK QTY. ITEM STATUS
KT-LED8T8-24GC-840-S-CP Carton Pack (Egg Crate Packaging) 25 Quick Ship
KT-LED8T8-24GC-840-S-DP Distributor Pack (Individual Cartons) 20 Quick Ship

CATALOG NUMBER BREAKDOWN
KT-LED8T8-24GC-840-S-CP
| 1 1 | L | 1 11 |1 Il 1 1 1 1 |
Keylstone LED I!amp Wage La!np Norrl1inal Shattelrproof 8(I)O Collor Smlart Pacllaging

Technologies Type Length Coated Glass Series Temp. Drive Style
(Inches) Series

Keystone Technologies ® 1390 Welsh Road, North Wales, PA 19454 e Phone (800) 464-2680 ® Fax (888) 966-0556 ® www.keystonetech.com

Specifications subject to change. Last revised on 1.19.18
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ASMARTDRIVE LEDF

PLUG & PLAY WITH T8 BALLASTS

KT-LED10T8-36GC-840-S

T8 LED LAMP

d RoHSH
1Do|;:/vS$8RL"EDJ |I gcl)\:)om ~80 CRI | High Efficiency | Ballast Compatible = @ @ ETR Sl
LAMP TYPE: Linear
BULB TYPE: T8 LED i X
BASE TYPE: G13 (Medium Bi-Pin) N .
WATTAGE: 10W
COLOR TEMPERATURE: 4000K ms;;}%s )
COLOR RENDERING INDEX (CRI): >80 e
WARRANTY: 5 Years y
PRODUCT FEATURES
e Compatible with Most Instant and Program Start Electronic T8 e Operating Temperature: -20°C/-4°F to 45°C/113°F
Ballasts, Contact Keystone for Ballast Compatibility List e 100+ Lumens per Watt (Bare Lamp Efficacy)
e Direct Replacement for F25T8 Fluorescent Lamps e Suitable for Dry and Damp Locations
e DLC & UL Listed e [mproved Lamp Durability with Shatterproof Coated Glass,
e 50,000+ Hour Lifetime designed to pass drop tests of 6’ on hard surface
e Environmentally Friendly: No Mercury Used e NSF Listed: NSF/ANSI Standard 2 - Food Equipment,
e |nstant Startup Splash Zone (Not for Direct Food Zone without additional
e Frosted Lens Eliminates Pixelation fixture considerations)
OPERATING SPECIFICATIONS
ELECTRICAL AND PERFORMANCE CHARACTERISTICS
System Wattage* Initial Lumens* Nominal
Input Voltage CRI ngtggrgp NOTLnnﬁLrl;:mp 0.78BF 0.88BF 1.18BF 0.78BF 0.88BF 1.18BF EﬁZ{S Bgrf?icl':cr;]p F:cv{g: ¥ﬁ’|‘)
Ballast Dependent >80 10W 1450 10.86 13.3 18.6 1300 1450 1880 220° 145 >0.9 20%

* Nominal values. Actual values may vary depending on electronic ballast used.

RATED LIFE

L70 (Hours) 50,000

POLAR CANDELA DISTRIBUTION

SPECTRAL DISTRIBUTION

3.50E-02 === Flux (W/nm)
3.00E-02
2.50E-02
2.00E-02

1.50E-02

Flux (W/nm)

1.00E-02

0.50E-03

0.00E-00

380 430 480 530 580 630 680 730 580 780
Wavelength (nm)

Maximum Candela = 1248.55
Located at Horizontal Angle = 0,
Vertical Angle O

1. Violet Vertical Plane through Horizontal
Angles (90-270)

2. Green Vertical Plane through Horizontal
Angles (0-180)

Beam Angle: 220°

Visible Light Area: 325°

Keystone Technologies ® 1390 Welsh Road, North Wales, PA 19454 e Phone (800) 464-2680 e Fax (888) 966-0556 ® www.keystonetech.com

Specifications subject to change. Last revised on 9.24.18
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KEYSTONE ‘ ASMARTDRIVE LEDE

PLUG & PLAY WITH T8 BALLASTS

KT-LED10T8-36GC-840-S

T8 LED LAMP

WIRING

Plug and Play: Simply replace the existing fluorescent lamp with Keystone Smart Drive LED lamp. No changes to the existing fluorescent
ballast wiring needed. For ballast compability questions, please contact Keystone.

PHYSICAL CHARACTERISTICS
LAMP DIMENSIONS

< A > A (Illuminated Length) 32.60”
LTc B (Body Length) 35.10"
[ B > C (Diameter) 1.00"
NOMINAL LENGTH: 36” BASE TYPE: G13 (Medium Bi-Pin)
ORDERING INFORMATION
ORDER CODE PACKAGING STYLE PACK QTY. ITEM STATUS
KT-LED10T8-36GC-840-S-CP Carton Pack (Egg Crate Packaging) 25 Quick Ship
KT-LED10T8-36GC-840-S-DP Distributor Pack (Individual Cartons) 20 Quick Ship

CATALOG NUMBER BREAKDOWN

] | 1 I |1 | 1 i |1 || 1 1 | 1 |
| | | | | | | | | |
Keystone LED Lamp  Wattage Lamp Nominal Shatterproof 800  Color Smart  Packaging

Technologies Type Length Coated Glass Series Temp. Drive Style

(Inches) Series

Keystone Technologies ® 1390 Welsh Road, North Wales, PA 19454 e Phone (800) 464-2680 ® Fax (888) 966-0556 ® www.keystonetech.com

Specifications subject to change. Last revised on 9.24.18
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KEYSTONE | ISMARTDRIVELEDE

PLUG & PLAY WITH BALLAST

KT-LED12T8-48G-840-S /G2

T8 LED LAMP

DESCRIPTION
12W T8 LED 1 4000K | >80 CRI | High Efficiency | Ballast Compatible

LAMP TYPE: Linear

BULB TYPE: T8 LED

BASE TYPE: G13 (Medium Bi-Pin)
WATTAGE: 12W

COLOR TEMPERATURE: 4000K
COLOR RENDERING INDEX (CRI): >80
WARRANTY: 5 Years

PRODUCT FEATURES

e Compatible with Most Instant Start Electronic T8 Ballasts,
Contact Keystone for Ballast Compatibility List

e Direct Replacement for the Following Fluorescent Lamps: F32T8/32W,
F32T8/30W, F32T8/28W, F32T8/25W

e UL Listed

e 50,000+ Hour Lifetime

@ SR SUEAR

N7

e Environmentally Friendly: No Mercury Used

e |[nstant Startup

e Frosted Lens Eliminates Pixelation

e Operating Temperature: -20°C/-4°F to 45°C/113°F
e 100+ Lumens per Watt (Bare Lamp Efficacy)

e Suitable for Dry and Damp Locations

OPERATING SPECIFICATIONS

ELECTRICAL AND PERFORMANCE CHARACTERISTICS

System Wattage*
Bare Lamp  Nominal Lamp

Input Voltage CRI Wattage Lumens 0.78BF  0.88BF 1.18BF
Ballast Dependent >80 12w 1800 Im 13.29W 15W 20.1W

* Nominal values. Actual values may vary depending on electronic ballast used.

RATED LIFE
L70 (Hours) 50,000

Initial Lumens* .
Nominal Bare = Power Max.

0.78BF 0.88BF 1.18BF Lamp Efficacy Factor THD
1584 Im 1800 Im 2382 Im 150 >0.9 20%

POLAR CANDELA DISTRIBUTION

SPECTRAL DISTRIBUTION
3.50E-02 === Flux (W/nm)

3.00E-02
2.50E-02
2.00E-02

1.50E-02

Flux (W/nm)

1.00E-02

0.50E-03

0.00E-00

380 430 480 530 580 630 680 730 580 780
Wavelength (nm)

Maximum Candela = 1248.55
Located at Horizontal Angle = 0,
Vertical Angle O

1. Violet Vertical Plane through Horizontal
Angles (90-270)

2. Green Vertical Plane through Horizontal
Angles (0-180)

Beam Angle: 220°

Visible Light Area: 325°

Keystone Technologies ® 1390 Welsh Road, North Wales, PA 19454 e Phone (800) 464-2680 ® Fax (888) 966-0556 ® www.keystonetech.com

Specifications subject to change. Last revised on 12.15.2017
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KEYSTONE | ISMARTDRIVELEDE

PLUG & PLAY WITH BALLAST

KT-LED12T8-48G-840-S /G2

T8 LED LAMP

WIRING

Plug and Play: Simply replace the existing fluorescent lamp with Keystone Smart Drive LED lamp. No changes to the existing fluorescent
ballast wiring needed. For ballast compability questions, please contact Keystone.

PHYSICAL CHARACTERISTICS
LAMP DIMENSIONS

N A > A (Illuminated Length) 44.70"
LTc B (Body Length) 47.15"
[ B > C (Diameter) 1.00"
NOMINAL LENGTH: 48" BASE TYPE: G13 (Medium Bi-Pin)
ORDERING INFORMATION
ORDER CODE PACKAGING STYLE PACK QTY. ITEM STATUS
KT-LED12T8-48G-840-S /G2-CP Carton Pack (Egg Crate Packaging) 25 Quick Ship
KT-LED12T78-48G-840-S /G2-DP Distributor Pack (Individual Cartons) 20 Quick Ship

CATALOG NUMBER BREAKDOWN
KT-LED12T8-48G-840-S /G2-CP

Keystone LED Lamp Wattage Lamp Nominal Glass 800  Color Smart 2nd Packaging
Technologies Type Length Case Series Temp. Drive Generation Style
(Inches) Series

Keystone Technologies ® 1390 Welsh Road, North Wales, PA 19454 e Phone (800) 464-2680 ® Fax (888) 966-0556 ® www.keystonetech.com

Specifications subject to change. Last revised on 12.15.2017
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PERFORMANCE SERIES

COMMERCIAL GRADE SCREW-IN LED BULBS

Keystone’s Performance Series LED A and PAR lamps are the ideal, energy-efficient solution for both commercial retrofit and new
construction applications. Performance Series LED lamps provide high lumen outputs at a fraction of the power consumption compared
to legacy equivalents. The long, useful, lifetime of these LED lamps also reduces maintenance and replacement costs.

FEATURES AND BENEFITS

e Universal input voltage (120-277V)

e Dimmable 20W option

e Omni-directional light output

e Up to 75% energy savings compared to legacy equivalent lamps
e Can be used in base-up or base-down position

¢ Rated for both open and enclosed fixtures

e | arge metal heat sink for optimal heat dissipation

e THD: <20%; power factor: >0.90

e Operating temperature range —4°F/—20°C to 113°F/45°C; 95°F/35°C max for fully enclosed fixture
e |deal for post top, bollard, and outdoor corridor lighting

e Suitable for dry and damp locations

e Meets Energy Star requirements

e UL 1993 and 1598C Rated

c@.,s RoHSH

STe Compliant WARRANTY

TYPICAL APPLICATIONS

] ™ s N

POST TOP BOLLARD OUTDOOR CORRIDOR OPTIONS SWAN




25,000 HOUR
COMMERCIAL A21 LAMPS LIFETIME
OPTIONS: Universal Input Voltage, Non-Dimmable e 120V Input, Dimmable

Color Input Rated Lamp  Legacy Equivalent Base . Light .
sl ldinlis; Temperature Voltage Wattage Wattage Type Climueldis | B | E Distribution it
KT-LED14A21-0-E26-827 2700K  120-277V 14w 100W Incandescent  E26 No 1,760 >80 340° 126 Im/W
KT-LED14A21-0-E26-830 3000K  120-277V 14W 100W Incandescent  E26 No 1,790 >80 340° 128 Im/w
KT-LED14A21-0-E26-840 4000K  120-277V 14w 100W Incandescent  E26 No 1,900 >80 340° 136 Im/W
KT-LED14A21-0-E26-850 5000K 120277V 14w 100W Incandescent  E26 No 1,960 >80 340° 140 Im/w
KT-LED20A21-0-E26-827 2700K  120-277V 20W 150W Incandescent  E26 No 2,500 >80 340° 125 Im/w
KT-LED20A21-0-E26-830 3000K  120-277V 20W 150W Incandescent ~ E26 No 2,540 >80 340° 127 Im/W
KT-LED20A21-0-E26-840 4000K  120-277V 20W 150W Incandescent ~ E26 No 2,720 >80 340° 136 Im/W
KT-LED20A21-0-E26-850 5000K  120-277V 20W 150W Incandescent  E26 No 2,760 >80 340° 138 Im/w
DIMMABLE
KT-LED20A21-0-E26-827-DIM  2700K 120V 20W 150W Incandescent  E26 Yes 2460 >80 340° 123 Im/w
KT-LED20A21-0-E26-830-DIM  3000K 120V 20W 150W Incandescent ~ E26 Yes 2,500 >80 340° 125 Im/W
KT-LED20A21-0-E26-840-DIM  4000K 120V 20W 150W Incandescent ~ E26 Yes 2,680 >80 340° 125 Im/W
KT-LED20A21-0-E26-850-DIM  5000K 120V 20W 150W Incandescent  E26 Yes 2,710 >80 340° 125 Im/w
50,000 HOUR
COMMERCIAL A23 LAMPS LII'LETIME
Universal Input Voltage, Non-Dimmable
Color Input Rated Lamp Legacy Equivalent Base Light .
et s Temperature Voltage Wattage Wattage Type 2T Hil Distribution ey
KT-LED25A23-0-E26-830 3000k 120-277V 25W 200W Incandescent! g2 3380 >80  330° 135 Im/W
KT-LED25A23-0-E26-840 4000K 120-277V 25W ZOOV\{(')%W”SI‘ESC‘E"” E26 3,530 >80 330° 141 Im/W
KT-LED25A23-0-E26-850 5000K 120-277V 25W ZOOV\{(')BW”SI‘*SCQ"” E26 3,600 >80 330° 144 Im/W
KT-LED25A23-0-EX39-830 3000K 120-277V 25W Zoovzégf,e":fsce"” EX39 3380 >80 330° 135 Im/W
KT-LED25A23-0-EX39-840 4000K 120-277V 25W 200V\{(I)r2§/\alnglescent/ EX39 3,530 >80 330° 141 Im/W
KT-LED25A23-0-EX39-850 5000K 120-277V 25W Zoo‘qégf;“gfsce"” EX39 3,590 >80 330° 143 Im/W
50,000 HOUR
COMMERCIAL A25 LAMPS LII'LETIME
Universal Input Voltage, Non-Dimmable
Color Input Rated Lamp Legacy Equivalent Base Light .
sl s Temperature Voltage Wattage Wattage Type HITETS il Distribution it
KT-LED35A25-0-E26-830 3000K 120-277V 35W 300W lacandescent/  g26 4,550 >80 330° 130 Im/W
KT-LED35A25-0-E26-840 4000K 120-277V 35W 300w lacandescent/  g26 4,780 >80 330° 137 Im/w
KT-LED35A25-0-E26-850 5000K 120-277V 35W 300W Jacandescent’  E26 4,850 >80 330° 139 Im/W
KT-LED35A25-0-EX39-830 3000K 120-277V 35W 300W lacandescent’  gx39 4,550 >80 330° 130 Im/w
KT-LED35A25-0-EX39-840 4000K 120-277V 35W 300W lacandescent/  gx39 4,780 >80 330° 137 Im/W
KT-LED35A25-0-EX39-850 5000K 120-277V 35W 300W Incandescent/  py3g | 4850 | >80 330° 139 Im/w

150W HID



FEATURES AND BENEFITS

e Universal input voltage (120-277V)

e Up to 75% energy savings compared to legacy equivalent lamps
e Can be used in base-up or base-down position

e Rated for open and recessed fixtures
e Large metal heat sink for optimal heat dissipation

e THD: <20%; power factor: >0.90
e Operating temperature range —4°F/—20°C to 113°F/45°C
e |deal for recessed corridor and high-power flood lighting

e Suitable for dry and damp locations

e UL 1993 Rated

COMMERCIAL PAR38 LAMPS
Universal Input Voltage, Non-Dimmable

Catalog Number

KT-LED18PAR38-NF-830

KT-LED18PAR38-NF-840

KT-LED18PAR38-NF-850
KT-LED18PAR38-F-830
KT-LED18PAR38-F-840
KT-LED18PAR38-F-850

Description

Narrow Flood
Narrow Flood
Narrow Flood
Standard Flood
Standard Flood
Standard Flood

Color
Temperature

3000K
4000K
5000K
3000K
4000K
5000K

Input
Voltage

120-277V
120-277V
120-277V
120-277V
120-277V
120-277V

c@us RoHSH AR 50,000 HOUR
USTED Compliant WARRANTY LIFETIME
TYPICAL APPLICATIONS
RECESSED CORRIDOR FLOOD SWAN
Rated Lamp  Legacy Equivalent Base Light "
Wattage Wattage Type g | (€5 Distribution il
18W 250W Halogen E26 1,950 >80 25° 108 Im/W
18w 250W Halogen E26 2,060 >80 25° 114 Im/W
18W 250W Halogen E26 2,100 >80 25° 114 Im/W
18W 250W Halogen E26 1,950 >80 40° 108 Im/W
18W 250W Halogen E26 2,060 >80 40° 114 Im/W
18w 250W Halogen E26 2,100 >80 40° 114 Im/W

We'd love to send you a FREE SAMPLE!

Call: 800-464-2680 | Email: samples@keystonetech.com | Web: keystonetech.com/samples
Some restrictions apply.

SINCE 1945

KEYSTONLE

Keystone Technologies ¢ Philadelphia, PA ® Phone (800) 464-2680¢ Fax (888) 966-0556 ¢ keystonetech.com
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KEYSTONLE

DirReECTDRIVE
LE CONNECT TO

LINE VOLTAGE

KT-LED62P-H-8xx-D

2-PIN LED LAMP

Q\)SSIF/@@
DESCRIPTION

6W 2-Pin LED Lamp | 2700K, 3000K, 3500K, 4000K, 5000K | =83 CRI
Line Voltage Compatible

RoHS™ YEAR

Compliant WARRANTY

LAMP TYPE: Compact
BULB TYPE: 2-Pin LED
BASE TYPE: Gx23
WATTAGE: 6W

COLOR TEMPERATURE: 2700K, 3000K, 3500K,
4000K, 5000K

COLOR RENDERING INDEX (CRI): =83
WARRANTY: 5 Years

PRODUCT FEATURES

e Replaces 13W Gx23 CFL Lamps
e 50,000+ Hour Lifetime

e Approximately 50% More Energy Efficient than Traditional CFL Lamps

e Environmentally Friendly: No Mercury Used
e |nstant Startup
e Frosted Lens Eliminates Pixelation

e UL Classified

e Operating Temperature: -20°C/-4°F to 45°C/113°F
e Up to bx Longer Life than Traditional CFL Lamps
e Non-Dimmable

e Rotatable 270°

OPERATING SPECIFICATIONS

ELECTRICAL CHARACTERISTICS

Input Voltage Power Factor

120-277V 6W >0.9

Lamp Wattage

PHOTOMETRIC CHARACTERISTICS

Color Temperature (CCT) 2700K 3000K 3500K 4000K 5000K
Luminous Flux 500 Im 500 Im 500 Im 550 Im 550 Im
Color Rendering Index (CRI) =83 =83 =83 =83 =83
Bare Lamp Efficacy 83 Im/W  83Im/W  83Im/W 92 Im/W 92 Im/W
Beam Angle >120° >120° >120° >120° >120°
LED Quantity 21 21 21 21 21
RATED LIFE
L70 (Hours) 50,000

Keystone Technologies ® 208 Progress Drive, Montgomeryville, PA 18936 e Phone (800) 464-2680 e Fax (888) 966-0556 ¢ www.keystonelamp.com

Specifications subject to change. Last revised on 11.2.15
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et DIRECTDRIVE
KEYSTONE L et Ve

LINE VOLTAGE

KT-LED62P-H-8xx-D

2-PIN LED LAMP

WIRING BYPASS MAGNETIC BALLAST WITH 1 LAMP (Gx23 SOCKET) BYPASS MAGNETIC BALLAST WITH 2 LAMPS (Gx23 SOCKET)

BEFORE BEFORE
BLACK | CFL BALLAST LAP ELVE e
o— —— BLACK | CFL BALLAST B
WHITE Owhite LAVP
o RED
AFTER ..................................................... AFTER .....................................................
oBLACK LA oBLACK _IBLUE LAMP
- :I Owhite LAMP
WHITE e
PHYSICAL CHARACTERISTICS
LAMP DIMENSIONS
A
Q —]
o~
| |
3.37"
| |
5.8"
ORDERING INFORMATION
ORDER CODE PACKAGING STYLE PACK QTY. ITEM STATUS
KT-LED62P-H-8xx-D-DP Distributor Pack 10 Quick Ship

CATALOG NUMBER BREAKDOWN

] 1 1 | ] 1 1 11 Il 1 1 |
| | I_l_| | | | | |
Keystone LED Lamp Wattage Lamp Orientation 800 Color Combo

Technologies Type Series Temp. Drive
Series

Keystone Technologies ® 208 Progress Drive, Montgomeryville, PA 18936 e Phone (800) 464-2680 e Fax (888) 966-0556 ¢ www.keystonelamp.com

Specifications subject to change. Last revised on 11.2.15



ECM 2
Lighting Controls

This ECM does not have standalone savings or cutsheets. Associated savings and
cutsheets are contained within ECM 1.



ECM #3
Weatherization of windows & doors

Savings Calculations
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\ENERGY SOLUTIONS |

I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Date of Report; 10/4/2021

Type of Report: Building Envelope Calculation
Weather Data City/State: burg Intl AP, PA

Information provided by customer

Information provided by our company

Inputs and Assumptions:
Main Building/Admin (1)

Definitions:

ASHRAE Fundamentals 16.23-48 Applies Q=A;, * sqrt(Cs *At + CW*UZ)
Qr = Q*I = Infiltrated/Exfiltrated Air Flow Rate, Cfim

Q = Air Flow Rate, Cfm

Ay = Effective air leakage area. in?

Cs= Stack coefficient, cfm”2/(in"4*°F)

Cy= Wind Coefficient. cfm”2/(in"4* mph"2)

At = Indoor - Outdoor temperature differential

U = Wind speed. mph

I = Infiltration/Exfiltration Factor

Temperature Which Heating Begins 70[°F Used to Establish Maxi Outdoor Temperature for Heating System Operation
Temperature Which Cooling Begins 75|°F Used to Establish Mini Outdoor Temg for Cooling System Operation
Day Operation Begins (Sunday is Day 1) 1 |Sunday

Day Operation Ends (Sunday is Day 1) 7 |Saturday These Values Used to Establish Occupied Hours vs Unoccupied Hours

Hour Operation Begins (Hour 1 is Midnight to 1 AM) 6 |Hour

[Hour Operation Ends (Hour 1 is Midnight to 1 AM) 15 |Hour

Directional Wind Infiltration/Exfiltration 70% [per cent

Occupied Cooling Temperature Setpoint 75|°F Used for Occupied Cooling Enthalpy Calculations

Occupied Heating Temperature Setpoint 70[°F Used for Occupied Heating AT Calculations

Unoccupied Cooling Indoor Temperature Setpoint 75|°F Used for Unoccupied Cooling Enthalpy Calculations

Unoccupied Heating Indoor Temperature Setpoint 70[°F Used for Unoccupied Heating AT Calculations

Cooling Plant Efficiency

0.992 [kW/ton

Heating Plant Efficiency 75% |per cent

|[Energy Cost $/kWh $ 0.07410 |per kWh Electric
Fuel Energy Cost $/MMBtu $ 7.51000 [per MMBtu Natural Gas
# of Floors in Buildin, 3

Local Shelter Class (see Table 5 below) 2|Typical shelter for an isolated rural house
A, = Effective Air Leakage Area from Survey. fi’ 1.22|/%

Existing Insulation Area from Survey, f” s

Existing U-Value

Proposed U-Value

I-Star Energy Solutions-Confidential



I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital

Calculations:

Main Building/Admin (1) Wernersville State Hospital Crack area Calcul

Air Leakage from Survey. in"2 = (144 * 1 fi"2 ): 175.5|in* Width LE it

Selected Basic Model Stack Coefficient Cg 0.04490 |cfm”2/(in"4 x °F) 116 182 0.948

Selected Basic Model Wind Coefficient Cy 0.0143 |cfim"2/(in"4*mph”2) 1/8 26 0.271

Cooling Season Energy from Weather Table-Occupied Cooling ton-hours (2.416.158 Btu / 12.000 Btu/ton): 201 |ton-hours 1/4 0.000

Cooling Season Energy from Weather Table-Unoccupied Cooling ton-hours (2.177.496 Btu / 12,000 Btw/ton): 181 [ton-hours 1/2 0.000

Heating Season Energy from Weather Table-Occupied (17.338.595 Btu / 1.000.000 Btu): 17 [MMBtu 3/4 0.000

Heating Season Energy from Weather Table-Unoccupied (24.621.357 Btu / 1.000.000 Btu): 25 |[MMBtu 1 0.000
1172 0.000

ECM Energy and Cost Savings: 2 0.000

Cooling Season kWh Energy Savings-Occupied (201 ton-hours * .99 kW/ton): 200 [kWh/yr 1.219

Cooling Seasons kWh Energy Savings-Unoccupied (181 ton-hours * .99 kW/ton): 180 [kWh/yr Penetrations

Controls Occupied Hours Per Year 3,650 [Hrs/year 1.219

Controls Unoccupied Hours Per Year 5,110 |Hrs/vear

Fuel Energy Savings-Heating Season-Occupied (17 MMBtu / 75 %): 23 [MMBtu

Fuel Energy Savings-Heating Season-Unoccupied (25 MMBtu / 75 %): 33 [MMBiu

Cooling Season kWh Energy Cost Savings-Occupied (200 kWh/Yr x $0.07410 per kWh ): $ 15 |per year

Cooling Season kWh Energy Cost Savings-Unoccupied ( 180 kWh/Yr x $0.07410 per kWh ): $ 13 |per year

Fuel Energy Cost Savings-Heating Season-Occupied (23 MMBtu x $7.51 per MMBtu ): $ 174 |per year

Fuel Energy Cost Savings-Heating Season-Unoccupied (33 MMBtu x $7.51 per MMBtu ): $ 247 |per vear

Total Savings Cost ($15 kWh/yr + $13 kWh/yr + $174 Btu + $247 Btu): $ 448 |per year

Building Insulation

Cooling Season kWh Energy Savings-Occupied ( fi*2 x (. U-Value - . U-Value) * 24 * 603 CDD / 12.000 Btuw/ton) * (.99 kW/ton): 0[kWh/yr

Cooling Season kWh Energy Savings-Unoccupied ( fi*2 x (. U-Value - . U-Value) * 24 * 631 CDD / 12.000 Btw/ton) * (.99 kW/ton): O[kWhAT

Fuel Energy Savings-Heating Season-Occupied ( ft"2 x (. U-Value - . U-Value ) * 24 * 2452 HDD / 1,000,000 Btu) / (75 %): 0[MMBtu

Fuel Energy Savings-Heating Season-Unoccupied (_ fi*2 x (. U-Value - . U-Value ) * 24 * 3719 HDD / 1.000.000 Btw) / (75 %): 0[MMBtu

Cooling Season kWh Energy Cost Savings-Occupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Cooling Season kWh Energy Cost Savings-Unoccupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Total Savings Cost ($0 kWh/yr + $0 KWh/yr + $0 Btu + $0 Btu): $ - per year

Constants and calculated values used in calculations:

Occupied Indoor Enthalpy at 75° F and 60% RH 30.220 [Btw/lb (air)
Unoceupied Indoor Enthalpy at 75° F and 60% RH 30220 [Btwb (air) These calculations are based on ASHRAE Fundamentals 2009, chapter
ASHRAE Sensible Heat Coefficient 1.08 16, page 16.23, formula number 48 as shown below.

I-Star Energy Solutions-Confidential



I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

@\* Contact: Andrew Martin
/\\ENERGY SOLUTIONS | Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: -
ASHRAE Enthalpy Coefficient 4.5
Btu/ton 12,000 [Btw/ton
Btu 1000000|Btu
0000001l Basic Model. The following calculations are based on the Sher-
man and Grimsrud (1980) model, which uses the effective air leakage
ASHRAE TABLE 16.23, Table 4 Basic Model Stack Coefficient Cg, area at 0.016 in. of water. This leakage area can be obtained from a
Story Stack Cocfficient C. hole-buildi ization test. Using effective air leakage area,
oy ck Cocfficient Cy the airflow rate from infiltration is calculated fing to
1 0.01500
2 0.02990 o= 4, fJcan+c, ,u? (48)
3 0.04490 where
4 0.06283 @ = airflow rate, cfim
5 007538 Ay = effective wir leakage area, in?
- €, = stack coefficient, cfm?{in*-=F)
6 0.09433 Al = ge indoor o i for time interval
7 0.11008 of calculation, °F
€,, = wind coefficient, cfm?/(in*-mph?)
8 0.12583 £ = average wind speed measured at local weather sttion for time
9 0.14158 interval of calculation, mph
10 0.15733 Table 4 presents values of C, for one-, two-, and three-story houses.
The value of wind coefficient C,, depends on the local shelter class
of the building (described in Table 5) and the building height. Table
ASHRAE TABLE 16.23, Table 5 Local Shelter Class: & presents values of C,, for one-, two-. and three-story houses in
1 No Obstructions or local shielding shelter classes 1 through 5. In calculating values in Tables 4 and &,

X i the following assumptions were made regarding input to the basic
2 Typical shelter for an isolated rural house model:

3 Typical shelter used by other buildings across the street from building under study
4 Typical shelter for urban buildings on larger lots where sheltering obstacles are more than one building height away
5 Typical shelter produced by building or other structures immediately adjacent

ASHRAE TABLE 16.23, Table 6 Basic Model Wind Coefficient Cyy,

Shelter | Shelter Class Values

# of Stories Shelter Class 1 Shelter Class 2 Shelter Class 3 Class 4 5 Used
1 0.0119 0.0092 0.0065 0.0039 0.0012 0.0092
2 0.0157 00121 0.0086 0.0051 0.0016 0.0121
0.0184 0.0143 0.0101 0.0060 0.0018 0.0143
4 0.0218 0.0170 00120 | 0.0071 0.0021 0.0170
5 0.0251 0.0195 00138 | 0.0082 0.0024 0.0195
6 0.0283 0.0221 0.0156 0.0092 0.0027 0.0221
7 0.0316 0.0246 0.0174 0.0103 0.0030 0.0246
8 0.0348 0.0272 0.0192 0.0113 0.0033 0.0272
9 0.0381 0.0297 0.0210 0.0124 0.0036 0.0297
10 0.0413 0.0323 0.0228 0.0134 0.0039 0.0323

Indoor Cooling Occupied Setpoint C: i I
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

&7\*\ Contact: Andrew Martin
FAN ENERL Y/ SOLLITIONS, Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Dry Bulb Temp DB 5|Deg F
Relative Humidity RH %
Humidity Ratio w 0.0112 Ib v/Ib dry air 75.0000
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F

Indoor Cooling Unoccupied Setpoint Calculations

Dry Bulb Temp DB 75|Deg F
Relative Humidity RH 60|%

Humidity Ratio w 0.0112 b v/Ib dry air
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Date of Report; 10/4/2021

Type of Report: Building Envelope Calculation
Weather Data City/State: burg Intl AP, PA

Information provided by customer

Information provided by our company

Inputs and Assumption.
South Mountain V

Definitions:

ASHRAE Fundamentals 16.23-48 Applies Q=A;, * sqrt(Cs *At + CW*UZ)
Qr = Q*I = Infiltrated/Exfiltrated Air Flow Rate, Cfim

Q = Air Flow Rate, Cfm

Ay = Effective air leakage area. in?

Cs= Stack coefficient, cfm”2/(in"4*°F)

Cy= Wind Coefficient. cfm”2/(in"4* mph"2)

At = Indoor - Outdoor temperature differential

U = Wind speed. mph

I = Infiltration/Exfiltration Factor

Temperature Which Heating Begins 70[°F Used to Establish Maxi Outdoor Temperature for Heating System Operation
Temperature Which Cooling Begins 75|°F Used to Establish Mini Outdoor Temg for Cooling System Operation
Day Operation Begins (Sunday is Day 1) 1 |Sunday

Day Operation Ends (Sunday is Day 1) 7 |Saturday These Values Used to Establish Occupied Hours vs Unoccupied Hours

Hour Operation Begins (Hour 1 is Midnight to 1 AM) 6 |Hour

[Hour Operation Ends (Hour 1 is Midnight to 1 AM) 15 |Hour

Directional Wind Infiltration/Exfiltration 70% [per cent

Occupied Cooling Temperature Setpoint 75|°F Used for Occupied Cooling Enthalpy Calculations

Occupied Heating Temperature Setpoint 70[°F Used for Occupied Heating AT Calculations

Unoccupied Cooling Indoor Temperature Setpoint 75|°F Used for Unoccupied Cooling Enthalpy Calculations

Unoccupied Heating Indoor Temperature Setpoint 70[°F Used for Unoccupied Heating AT Calculations

Cooling Plant Efficiency

0.992 [kW/ton

Heating Plant Efficiency 75% |per cent

|[Energy Cost $/kWh $ 0.07410 |per kWh Electric

Fuel Energy Cost $/MMBtu $ 7.51000 [per MMBtu Natural Gas

# of Floors in Buildin, 3

Local Shelter Class (see Table 5 below) 4|Typical shelter for urban buildings on larger lots where sheltering obstacles are more than one building height away
A, = Effective Air Leakage Area from Survey. fi’ 091

Existing Insulation Area from Survey, f” s

Existing U-Value

Proposed U-Value
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital

Calculations:

South Mountain Workshop (3) Wernersville State Hospital Crack area Calcul

Air Leakage from Survey. in"2 = (144 * 1 fi"2 ): 130.5in* Width LE it

Selected Basic Model Stack Coefficient Cs 0.04490 |cfm”2/(in™4 x °F) 116 120 0.625

Selected Basic Model Wind Coefficient Cy 0.0060 |cfim"2/(in"4*mph”2) 1/8 27 0.281

Cooling Season Energy from Weather Table-Occupied Cooling ton-hours (1.361.350 Btu / 12.000 Btu/ton): 113 |ton-hours 1/4 0.000

Cooling Season Energy from Weather Table-Unoccupied Cooling ton-hours (1.204.157 Btu / 12,000 Btw/ton): 100 |ton-hours 1/2 0.000

Heating Season Energy from Weather Table-Occupied (10.867.111 Btu / 1.000.000 Btu): 11 [MMBtu 3/4 0.000

Heating Season Energy from Weather Table-Unoccupied (15.831.961 Btu/ 1.000.000 Btu): 16 |MMBtu 1 0.000
1172 0.000

ECM Energy and Cost Savings: 2 0.000

Cooling Season kWh Energy Savings-Occupied (113 ton-hours * .99 kW/ton): 113 [KWh/yr 0.906

Cooling Seasons kWh Energy Savings-Unoccupied (100 ton-hours * .99 kW/ton): 100 [kWh/yr Penetrations

Controls Occupied Hours Per Year 3,650 [Hrs/year 0.906

Controls Unoccupied Hours Per Year 5,110 |Hrs/vear

Fuel Energy Savings-Heating Season-Occupied (11 MMBtu/ 75 %): 14 [MMBtu

Fuel Energy Savings-Heating Season-Unoccupied (16 MMBtu / 75 %): 21 [MMBiu

Cooling Season kWh Energy Cost Savings-Occupied ( 113 kWh/Yr x $0.07410 per kWh ): $ 8 [per year

Cooling Season kWh Energy Cost Savings-Unoccupied (100 kWh/Yr x $0.07410 per kWh ): $ 7 |per year

Fuel Energy Cost Savings-Heating Season-Occupied ( 14 MMBtu x $7.51 per MMBtu ): $ 109 |per year

Fuel Energy Cost Savings-Heating Season-Unoccupied (21 MMBtu x $7.51 per MMBtu ): $ 159 [per year

Total Savings Cost ($8 kWh/yr + $7 kWh/yr + $109 Btu + $159 Btu): $ 283 |per year

Building Insulation

Cooling Season kWh Energy Savings-Occupied ( fi*2 x (. U-Value - . U-Value) * 24 * 603 CDD / 12.000 Btuw/ton) * (.99 kW/ton): 0[kWh/yr

Cooling Season kWh Energy Savings-Unoccupied ( fi*2 x (. U-Value - . U-Value) * 24 * 631 CDD / 12.000 Btw/ton) * (.99 kW/ton): O[kWhAT

Fuel Energy Savings-Heating Season-Occupied ( ft"2 x (. U-Value - . U-Value ) * 24 * 2452 HDD / 1,000,000 Btu) / (75 %): 0[MMBtu

Fuel Energy Savings-Heating Season-Unoccupied (_ fi*2 x (. U-Value - . U-Value ) * 24 * 3719 HDD / 1.000.000 Btw) / (75 %): 0[MMBtu

Cooling Season kWh Energy Cost Savings-Occupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Cooling Season kWh Energy Cost Savings-Unoccupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Total Savings Cost ($0 kWh/yr + $0 KWh/yr + $0 Btu + $0 Btu): $ - per year

Constants and calculated values used in calculations:

Occupied Indoor Enthalpy at 75° F and 60% RH 30.220 [Btw/lb (air)
Unoceupied Indoor Enthalpy at 75° F and 60% RH 30220 [Btwb (air) These calculations are based on ASHRAE Fundamentals 2009, chapter
ASHRAE Sensible Heat Coefficient 1.08 16, page 16.23, formula number 48 as shown below.
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

@\* Contact: Andrew Martin
/\\ENERGY SOLUTIONS | Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: -
ASHRAE Enthalpy Coefficient 4.5
Btu/ton 12,000 [Btw/ton
Btu 1000000|Btu
0000001l Basic Model. The following calculations are based on the Sher-
man and Grimsrud (1980) model, which uses the effective air leakage
ASHRAE TABLE 16.23, Table 4 Basic Model Stack Coefficient Cg, area at 0.016 in. of water. This leakage area can be obtained from a
Story Stack Cocfficient C. hole-buildi ization test. Using effective air leakage area,
oy ck Cocfficient Cy the airflow rate from infiltration is calculated fing to
1 0.01500
2 0.02990 o= 4, fJcan+c, ,u? (48)
3 0.04490 where
4 0.06283 @ = airflow rate, cfim
5 007538 Ay = effective wir leakage area, in?
- €, = stack coefficient, cfm?{in*-=F)
6 0.09433 Al = ge indoor o i for time interval
7 0.11008 of calculation, °F
€,, = wind coefficient, cfm?/(in*-mph?)
8 0.12583 £ = average wind speed measured at local weather sttion for time
9 0.14158 interval of calculation, mph
10 0.15733 Table 4 presents values of C, for one-, two-, and three-story houses.
The value of wind coefficient C,, depends on the local shelter class
of the building (described in Table 5) and the building height. Table
ASHRAE TABLE 16.23, Table 5 Local Shelter Class: & presents values of C,, for one-, two-. and three-story houses in
1 No Obstructions or local shielding shelter classes 1 through 5. In calculating values in Tables 4 and &,

X i the following assumptions were made regarding input to the basic
2 Typical shelter for an isolated rural house model:

3 Typical shelter used by other buildings across the street from building under study
4 Typical shelter for urban buildings on larger lots where sheltering obstacles are more than one building height away
5 Typical shelter produced by building or other structures immediately adjacent

ASHRAE TABLE 16.23, Table 6 Basic Model Wind Coefficient Cyy,

Shelter | Shelter Class Values

# of Stories Shelter Class 1 Shelter Class 2 Shelter Class 3 Class 4 5 Used
1 0.0119 0.0092 0.0065 0.0039 0.0012 0.0039
2 0.0157 00121 0.0086 0.0051 0.0016 0.0051
0.0184 0.0143 0.0101 0.0060 0.0018 0.0060
4 0.0218 0.0170 00120 | 0.0071 0.0021 0.0071
5 0.0251 0.0195 00138 | 0.0082 0.0024 0.0082
6 0.0283 0.0221 0.0156 0.0092 0.0027 0.0092
7 0.0316 0.0246 0.0174 0.0103 0.0030 0.0103
8 0.0348 0.0272 0.0192 0.0113 0.0033 0.0113
9 0.0381 0.0297 0.0210 0.0124 0.0036 0.0124
10 0.0413 0.0323 0.0228 0.0134 0.0039 0.0134

Indoor Cooling Occupied Setpoint C: i I
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

&7\*\ Contact: Andrew Martin
FAN ENERL Y/ SOLLITIONS, Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Dry Bulb Temp DB 5|Deg F
Relative Humidity RH %
Humidity Ratio w 0.0112 Ib v/Ib dry air 75.0000
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F

Indoor Cooling Unoccupied Setpoint Calculations

Dry Bulb Temp DB 75|Deg F
Relative Humidity RH 60|%

Humidity Ratio w 0.0112 b v/Ib dry air
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Date of Report; 10/4/2021

Type of Report: Building Envelope Calculation
Weather Data City/State: burg Intl AP, PA

Information provided by customer

Information provided by our company

Inputs and Assumption.

°F

Definitions:

ASHRAE Fundamentals 16.23-48 Applies Q=A;, * sqrt(Cs *At + CW*UZ)
Qr = Q*I = Infiltrated/Exfiltrated Air Flow Rate, Cfim

Q = Air Flow Rate, Cfm

Ay = Effective air leakage area. in?

Cs= Stack coefficient, cfm”2/(in"4*°F)

Cy= Wind Coefficient. cfm”2/(in"4* mph"2)

At = Indoor - Outdoor temperature differential

U = Wind speed. mph

I = Infiltration/Exfiltration Factor

Used to Establish M:

Outdoor Temperature for Heating System Operation

Temperature Which Cooling Begins

75|°F Used to Establish Mini Outdoor Temy for Cooling System Operation
Day Operation Begins (Sunday is Day 1) 1 |Sunday
Day Operation Ends (Sunday is Day 1) 7 |Saturday These Values Used to Establish Occupied Hours vs Unoccupied Hours
Hour Operation Begins (Hour 1 is Midnight to 1 AM) 6 |Hour
[Hour Operation Ends (Hour 1 is Midnight to 1 AM) 15 |Hour
Directional Wind Infiltration/Exfiltration 70% [per cent
Occupied Cooling Temperature Setpoint 75|°F Used for Occupied Cooling Enthalpy Calculations
Occupied Heating Temperature Setpoint 70[°F Used for Occupied Heating AT Calculations
Unoccupied Cooling Indoor Temperature Setpoint 75|°F Used for Unoccupied Cooling Enthalpy Calculations
Unoccupied Heating Indoor Temperature Setpoint 70[°F Used for Unoccupied Heating AT Calculations

Cooling Plant Efficiency

0.992 [kW/ton

Heating Plant Efficiency 75% |per cent

|[Energy Cost $/kWh $ 0.07410 |per kWh Electric
Fuel Energy Cost $/MMBtu $ 7.51000 [per MMBtu Natural Gas
# of Floors in Buildin, 3

Local Shelter Class (see Table 5 below)

2|Typical shelter for an isolated rural house

A, = Effective Air Leakage Area from Survey. i’

5.19|f

Existing Insulation Area from Survey, f”

e

Existing U-Value

Proposed U-Value
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital

Calculations:

Parkside House West (5) Wernersville State Hospital Crack area Calcul:

Air Leakage from Survey. in"2 = (144 * 5 fi"2 ): 747|in’ Width LFE i

Selected Basic Model Stack Coefficient Cg 0.04490 |cfm”2/(in"4 x °F) 116 932 4.854

Selected Basic Model Wind Coefficient Cy 0.0143 |cfim"2/(in"4*mph”2) 1/8 32 0.333

Cooling Season Energy from Weather Table-Occupied Cooling ton-hours (10.284.161 Btu / 12,000 Btu/ton): 857 |ton-hours 1/4 0.000

Cooling Season Energy from Weather Table-Unoccupied Cooling ton-hours (9.268.315 Btu / 12,000 Btw/ton): 772 |ton-hours 1/2 0.000

Heating Season Energy from Weather Table-Occupied (73.800.172 Btu / 1.000.000 Btu): 74 |MMBtu 3/4 0.000

Heating Season Energy from Weather Table-Unoccupied (104.798.595 Btu / 1.000.000 Btu): 105 [MMBtu 1 0.000
1172 0.000

ECM Energy and Cost Savings: 2 0.000

Cooling Season kWh Energy Savings-Occupied (857 ton-hours * .99 kW/ton): 850 [kWh/yr 5.188

Cooling Seasons kWh Energy Savings-Unoccupied (772 ton-hours * .99 kW/ton): 766 [kWh/yr Penetrations

Controls Occupied Hours Per Year 3,650 [Hrs/year 5.188

Controls Unoccupied Hours Per Year 5,110 |Hrs/vear

Fuel Energy Savings-Heating Season-Occupied (74 MMBtu / 75 %): 98 |MMBtu

Fuel Energy Savings-Heating Season-Unoccupied (105 MMBtu / 75 %): 140 [MMBtu

Cooling Season kWh Energy Cost Savings-Occupied (850 kWh/Yr x $0.07410 per kWh ): $ 63 |per year

Cooling Season kWh Energy Cost Savings-Unoccupied (766 kWh/Yr x $0.07410 per kWh ): $ 57 |per year

Fuel Energy Cost Savings-Heating Season-Occupied (98 MMBtu x $7.51 per MMBtu ): $ 739 |per year

Fuel Energy Cost Savings-Heating Season-Unoccupied ( 140 MMBtu x $7.51 per MMBtu ): $ 1,049 |per vear

Total Savings Cost (863 kWh/yr + $57 kWh/yr + $739 Btu + $1049 Btu): $ 1,908 |per year

Building Insulation

Cooling Season kWh Energy Savings-Occupied ( fi*2 x (. U-Value - . U-Value) * 24 * 603 CDD / 12.000 Btuw/ton) * (.99 kW/ton): 0[kWh/yr

Cooling Season kWh Energy Savings-Unoccupied ( fi*2 x (. U-Value - . U-Value) * 24 * 631 CDD / 12.000 Btw/ton) * (.99 kW/ton): O[kWhAT

Fuel Energy Savings-Heating Season-Occupied ( ft"2 x (. U-Value - . U-Value ) * 24 * 2452 HDD / 1,000,000 Btu) / (75 %): 0[MMBtu

Fuel Energy Savings-Heating Season-Unoccupied (_ fi*2 x (. U-Value - . U-Value ) * 24 * 3719 HDD / 1.000.000 Btw) / (75 %): 0[MMBtu

Cooling Season kWh Energy Cost Savings-Occupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Cooling Season kWh Energy Cost Savings-Unoccupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Total Savings Cost ($0 kWh/yr + $0 KWh/yr + $0 Btu + $0 Btu): $ - per year

Constants and calculated values used in calculations:

Occupied Indoor Enthalpy at 75° F and 60% RH 30.220 [Btw/lb (air)
Unoceupied Indoor Enthalpy at 75° F and 60% RH 30220 [Btwb (air) These calculations are based on ASHRAE Fundamentals 2009, chapter
ASHRAE Sensible Heat Coefficient 1.08 16, page 16.23, formula number 48 as shown below.
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

@\* Contact: Andrew Martin
/\\ENERGY SOLUTIONS | Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: -
ASHRAE Enthalpy Coefficient 4.5
Btu/ton 12,000 [Btw/ton
Btu 1000000|Btu
0000001l Basic Model. The following calculations are based on the Sher-
man and Grimsrud (1980) model, which uses the effective air leakage
ASHRAE TABLE 16.23, Table 4 Basic Model Stack Coefficient Cg, area at 0.016 in. of water. This leakage area can be obtained from a
Story Stack Cocfficient C. hole-buildi ization test. Using effective air leakage area,
oy ck Cocfficient Cy the airflow rate from infiltration is calculated fing to
1 0.01500
2 0.02990 o= 4, fJcan+c, ,u? (48)
3 0.04490 where
4 0.06283 @ = airflow rate, cfim
5 007538 Ay = effective wir leakage area, in?
- €, = stack coefficient, cfm?{in*-=F)
6 0.09433 Al = ge indoor o i for time interval
7 0.11008 of calculation, °F
€,, = wind coefficient, cfm?/(in*-mph?)
8 0.12583 £ = average wind speed measured at local weather sttion for time
9 0.14158 interval of calculation, mph
10 0.15733 Table 4 presents values of C, for one-, two-, and three-story houses.
The value of wind coefficient C,, depends on the local shelter class
of the building (described in Table 5) and the building height. Table
ASHRAE TABLE 16.23, Table 5 Local Shelter Class: & presents values of C,, for one-, two-. and three-story houses in
1 No Obstructions or local shielding shelter classes 1 through 5. In calculating values in Tables 4 and &,

X i the following assumptions were made regarding input to the basic
2 Typical shelter for an isolated rural house model:

3 Typical shelter used by other buildings across the street from building under study
4 Typical shelter for urban buildings on larger lots where sheltering obstacles are more than one building height away
5 Typical shelter produced by building or other structures immediately adjacent

ASHRAE TABLE 16.23, Table 6 Basic Model Wind Coefficient Cyy,

Shelter | Shelter Class Values

# of Stories Shelter Class 1 Shelter Class 2 Shelter Class 3 Class 4 5 Used
1 0.0119 0.0092 0.0065 0.0039 0.0012 0.0092
2 0.0157 00121 0.0086 0.0051 0.0016 0.0121
0.0184 0.0143 0.0101 0.0060 0.0018 0.0143
4 0.0218 0.0170 00120 | 0.0071 0.0021 0.0170
5 0.0251 0.0195 00138 | 0.0082 0.0024 0.0195
6 0.0283 0.0221 0.0156 0.0092 0.0027 0.0221
7 0.0316 0.0246 0.0174 0.0103 0.0030 0.0246
8 0.0348 0.0272 0.0192 0.0113 0.0033 0.0272
9 0.0381 0.0297 0.0210 0.0124 0.0036 0.0297
10 0.0413 0.0323 0.0228 0.0134 0.0039 0.0323

Indoor Cooling Occupied Setpoint C: i I
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

&7\*\ Contact: Andrew Martin
FAN ENERL Y/ SOLLITIONS, Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Dry Bulb Temp DB 5|Deg F
Relative Humidity RH %
Humidity Ratio w 0.0112 Ib v/Ib dry air 75.0000
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F

Indoor Cooling Unoccupied Setpoint Calculations

Dry Bulb Temp DB 75|Deg F
Relative Humidity RH 60|%

Humidity Ratio w 0.0112 b v/Ib dry air
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Date of Report; 10/4/2021

Type of Report: Building Envelope Calculation
Weather Data City/State: burg Intl AP, PA

Information provided by customer

Information provided by our company

Inputs and Assumptions:
Garage and Maintenance (1

Definitions:

ASHRAE Fundamentals 16.23-48 Applies Q=A;, * sqrt(Cs *At + CW*UZ)
Qr = Q*I = Infiltrated/Exfiltrated Air Flow Rate, Cfim

Q = Air Flow Rate, Cfm

Ay = Effective air leakage area. in?

Cs= Stack coefficient, cfm”2/(in"4*°F)

Cy= Wind Coefficient. cfm”2/(in"4* mph"2)

At = Indoor - Outdoor temperature differential

U = Wind speed. mph

I = Infiltration/Exfiltration Factor

Temperature Which Heating Begins 70[°F Used to Establish Maxi Outdoor Temperature for Heating System Operation
Temperature Which Cooling Begins 75|°F Used to Establish Mini Outdoor Temg for Cooling System Operation
Day Operation Begins (Sunday is Day 1) 1 |Sunday

Day Operation Ends (Sunday is Day 1) 7 |Saturday These Values Used to Establish Occupied Hours vs Unoccupied Hours

Hour Operation Begins (Hour 1 is Midnight to 1 AM) 6 |Hour

[Hour Operation Ends (Hour 1 is Midnight to 1 AM) 15 |Hour

Directional Wind Infiltration/Exfiltration 70% [per cent

Occupied Cooling Temperature Setpoint 75|°F Used for Occupied Cooling Enthalpy Calculations

Occupied Heating Temperature Setpoint 70[°F Used for Occupied Heating AT Calculations

Unoccupied Cooling Indoor Temperature Setpoint 75|°F Used for Unoccupied Cooling Enthalpy Calculations

Unoccupied Heating Indoor Temperature Setpoint 70[°F Used for Unoccupied Heating AT Calculations

Cooling Plant Efficiency

0.992 [kW/ton

Heating Plant Efficiency 75% |per cent

|[Energy Cost $/kWh $ 0.07410 |per kWh Electric

Fuel Energy Cost $/MMBtu $ 7.51000 [per MMBtu Natural Gas

# of Floors in Buildin, 2

Local Shelter Class (see Table 5 below) 4|Typical shelter for urban buildings on larger lots where sheltering obstacles are more than one building height away
A, = Effective Air Leakage Area from Survey. fi’ 0.78i

Existing Insulation Area from Survey, f” s

Existing U-Value

Proposed U-Value
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital

Calculations:

Garage and Maintenance (13) Wernersville State Hospital Crack area Calcul:

Air Leakage from Survey. in"2 = (144 * 1 fi"2 ): 111.75|in’ Width LE it

Selected Basic Model Stack Coefficient Cs 0.02990 |cfm”"2/(in"4 x °F) 116 121 0.630

Selected Basic Model Wind Coefficient Cy 0.0051 |cfim"2/(in"4*mph”2) 1/8 14 0.146

Cooling Season Energy from Weather Table-Occupied Cooling ton-hours (1.020.723 Btu / 12.000 Btu/ton): 85 |ton-hours 1/4 0.000

Cooling Season Energy from Weather Table-Unoccupied Cooling ton-hours (908.251 Btu / 12,000 Btu/ton): 76 |ton-hours 1/2 0.000

Heating Season Energy from Weather Table-Occupied (7.907.601 Btu / 1.000.000 Btu): 8 |[MMBtu 3/4 0.000

Heating Season Energy from Weather Table-Unoccupied (11.444.587 Btu / 1.000.000 Btu): 11 |MMBtu 1 0.000
1172 0.000

ECM Energy and Cost Savings: 2 0.000

Cooling Season kWh Energy Savings-Occupied (85 ton-hours * .99 kW/ton): 84 |kWhiyr 0.776

Cooling Seasons kWh Energy Savings-Unoccupied (76 ton-hours * .99 kW/ton): 75 |kWhiyr Penetrations

Controls Occupied Hours Per Year 3,650 [Hrs/vear 0.776

Controls Unoccupied Hours Per Year 5,110 |Hrs/vear

Fuel Energy Savings-Heating Season-Occupied (8 MMBtu / 75 %): 11 [MMBtu

Fuel Energy Savings-Heating Season-Unoccupied (11 MMBtu / 75 %): 15 [MMBtu

Cooling Season kWh Energy Cost Savings-Occupied ( 84 kWh/Yr x $0.07410 per kWh ): $ 6 [per year

Cooling Season kWh Energy Cost Savings-Unoccupied (75 kWh/Yr x $0.07410 per kWh ): $ 6 |per year

Fuel Energy Cost Savings-Heating Season-Occupied (11 MMBtu x $7.51 per MMBtu ): $ 79 |per year

Fuel Energy Cost Savings-Heating Season-Unoccupied (15 MMBtu x $7.51 per MMBtu ): $ 115 [per year

Total Savings Cost (86 kWh/yr + $6 kWh/yr + $79 Btu + $115 Btu): $ 206 |per year

Building Insulation

Cooling Season kWh Energy Savings-Occupied ( fi*2 x (. U-Value - . U-Value) * 24 * 603 CDD / 12.000 Btuw/ton) * (.99 kW/ton): 0[kWh/yr

Cooling Season kWh Energy Savings-Unoccupied ( fi*2 x (. U-Value - . U-Value) * 24 * 631 CDD / 12.000 Btw/ton) * (.99 kW/ton): O[kWhAT

Fuel Energy Savings-Heating Season-Occupied ( ft"2 x (. U-Value - . U-Value ) * 24 * 2452 HDD / 1,000,000 Btu) / (75 %): 0[MMBtu

Fuel Energy Savings-Heating Season-Unoccupied (_ fi*2 x (. U-Value - . U-Value ) * 24 * 3719 HDD / 1.000.000 Btw) / (75 %): 0[MMBtu

Cooling Season kWh Energy Cost Savings-Occupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Cooling Season kWh Energy Cost Savings-Unoccupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Total Savings Cost ($0 kWh/yr + $0 KWh/yr + $0 Btu + $0 Btu): $ - per year

Constants and calculated values used in calculations:

Occupied Indoor Enthalpy at 75° F and 60% RH 30.220 [Btw/lb (air)
Unoceupied Indoor Enthalpy at 75° F and 60% RH 30220 [Btwb (air) These calculations are based on ASHRAE Fundamentals 2009, chapter
ASHRAE Sensible Heat Coefficient 1.08 16, page 16.23, formula number 48 as shown below.
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

@\* Contact: Andrew Martin
/\\ENERGY SOLUTIONS | Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: -
ASHRAE Enthalpy Coefficient 4.5
Btu/ton 12,000 [Btw/ton
Btu 1000000|Btu
0000001l Basic Model. The following calculations are based on the Sher-
man and Grimsrud (1980) model, which uses the effective air leakage
ASHRAE TABLE 16.23, Table 4 Basic Model Stack Coefficient Cg, area at 0.016 in. of water. This leakage area can be obtained from a
Story Stack Cocfficient C. hole-buildi ization test. Using effective air leakage area,
oy ck Cocfficient Cy the airflow rate from infiltration is calculated fing to
1 0.01500
2 0.02990 o= 4, fJcan+c, ,u? (48)
3 0.04490 where
4 0.06283 @ = airflow rate, cfim
5 007538 Ay = effective wir leakage area, in?
- €, = stack coefficient, cfm?{in*-=F)
6 0.09433 Al = ge indoor o i for time interval
7 0.11008 of calculation, °F
€,, = wind coefficient, cfm?/(in*-mph?)
8 0.12583 £ = average wind speed measured at local weather sttion for time
9 0.14158 interval of calculation, mph
10 0.15733 Table 4 presents values of C, for one-, two-, and three-story houses.
The value of wind coefficient C,, depends on the local shelter class
of the building (described in Table 5) and the building height. Table
ASHRAE TABLE 16.23, Table 5 Local Shelter Class: & presents values of C,, for one-, two-. and three-story houses in
1 No Obstructions or local shielding shelter classes 1 through 5. In calculating values in Tables 4 and &,

X i the following assumptions were made regarding input to the basic
2 Typical shelter for an isolated rural house model:

3 Typical shelter used by other buildings across the street from building under study
4 Typical shelter for urban buildings on larger lots where sheltering obstacles are more than one building height away
5 Typical shelter produced by building or other structures immediately adjacent

ASHRAE TABLE 16.23, Table 6 Basic Model Wind Coefficient Cyy,

Shelter | Shelter Class Values

# of Stories Shelter Class 1 Shelter Class 2 Shelter Class 3 Class 4 5 Used
1 0.0119 0.0092 0.0065 0.0039 0.0012 0.0039
2 0.0157 00121 0.0086 0.0051 0.0016 0.0051
0.0184 0.0143 0.0101 0.0060 0.0018 0.0060
4 0.0218 0.0170 00120 | 0.0071 0.0021 0.0071
5 0.0251 0.0195 00138 | 0.0082 0.0024 0.0082
6 0.0283 0.0221 0.0156 0.0092 0.0027 0.0092
7 0.0316 0.0246 0.0174 0.0103 0.0030 0.0103
8 0.0348 0.0272 0.0192 0.0113 0.0033 0.0113
9 0.0381 0.0297 0.0210 0.0124 0.0036 0.0124
10 0.0413 0.0323 0.0228 0.0134 0.0039 0.0134

Indoor Cooling Occupied Setpoint C: i I
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

&7\*\ Contact: Andrew Martin
FAN ENERL Y/ SOLLITIONS, Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Dry Bulb Temp DB 5|Deg F
Relative Humidity RH %
Humidity Ratio w 0.0112 Ib v/Ib dry air 75.0000
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F

Indoor Cooling Unoccupied Setpoint Calculations

Dry Bulb Temp DB 75|Deg F
Relative Humidity RH 60|%

Humidity Ratio w 0.0112 b v/Ib dry air
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Date of Report; 10/4/2021

Type of Report: Building Envelope Calculation
Weather Data City/State: burg Intl AP, PA

Information provided by customer

Information provided by our company

Inputs and Assumptions:

Hill Hall (31)

Definitions:

ASHRAE Fundamentals 16.23-48 Applies Q=A;, * sqrt(Cs *At + CW*UZ)
Qr = Q*I = Infiltrated/Exfiltrated Air Flow Rate, Cfim

Q = Air Flow Rate, Cfm

Ay = Effective air leakage area. in?

Cs= Stack coefficient, cfm”2/(in"4*°F)

Cy= Wind Coefficient. cfm”2/(in"4* mph"2)

At = Indoor - Outdoor temperature differential

U = Wind speed. mph

I = Infiltration/Exfiltration Factor

Temperature Which Heating Begins 70[°F Used to Establish Maxi Outdoor Temperature for Heating System Operation
Temperature Which Cooling Begins 75|°F Used to Establish Mini Outdoor Temg for Cooling System Operation
Day Operation Begins (Sunday is Day 1) 1 |Sunday

Day Operation Ends (Sunday is Day 1) 7 |Saturday These Values Used to Establish Occupied Hours vs Unoccupied Hours

Hour Operation Begins (Hour 1 is Midnight to 1 AM) 6 |Hour

[Hour Operation Ends (Hour 1 is Midnight to 1 AM) 15 |Hour

Directional Wind Infiltration/Exfiltration 70% [per cent

Occupied Cooling Temperature Setpoint 75|°F Used for Occupied Cooling Enthalpy Calculations

Occupied Heating Temperature Setpoint 70[°F Used for Occupied Heating AT Calculations

Unoccupied Cooling Indoor Temperature Setpoint 75|°F Used for Unoccupied Cooling Enthalpy Calculations

Unoccupied Heating Indoor Temperature Setpoint 70[°F Used for Unoccupied Heating AT Calculations

Cooling Plant Efficiency

0.992 [kW/ton

Heating Plant Efficiency 75% |per cent

|[Energy Cost $/kWh $ 0.07410 |per kWh Electric
Fuel Energy Cost $/MMBtu $ 7.51000 [per MMBtu Natural Gas
# of Floors in Buildin, 2

Local Shelter Class (see Table 5 below) 2|Typical shelter for an isolated rural house
A, = Effective Air Leakage Area from Survey. fi’ 5.18|i’

Existing Insulation Area from Survey, f” s

Existing U-Value

Proposed U-Value
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital

Calculations:

Hill Hall (31) Wernersville State Hospital Crack area Calcul

Air Leakage from Survey. in"2 = (144 * 5 fi"2 ): 746.25|in* Width LE it

Selected Basic Model Stack Coefficient Cs 0.02990 |cfm”"2/(in"4 x °F) 116 939 4.891

Selected Basic Model Wind Coefficient Cy 0.0121 |cfim"2/(in"4*mph”2) 1/8 28 0.292

Cooling Season Energy from Weather Table-Occupied Cooling ton-hours (9.160.121 Btu / 12.000 Btu/ton): 763 |ton-hours 1/4 0.000

Cooling Season Energy from Weather Table-Unoccupied Cooling ton-hours (8.287.636 Btu / 12,000 Btw/ton): 691 |ton-hours 1/2 0.000

Heating Season Energy from Weather Table-Occupied (63.927.885 Btu / 1.000.000 Btu): 64 |MMBtu 3/4 0.000

Heating Season Energy from Weather Table-Unoccupied (90.072.361 Btu / 1.000.000 Btu): 90 [MMBtu 1 0.000
1172 0.000

ECM Energy and Cost Savings: 2 0.000

Cooling Season kWh Energy Savings-Occupied (763 ton-hours * .99 kW/ton): 757 |kWhiyr 5.182

Cooling Seasons kWh Energy Savings-Unoccupied (691 ton-hours * .99 kW/ton): 685 [kWh/yr Penetrations

Controls Occupied Hours Per Year 3,650 [Hrs/year 5.182

Controls Unoccupied Hours Per Year 5,110 |Hrs/vear

Fuel Energy Savings-Heating Season-Occupied (64 MMBtu / 75 %): 85 |MMBtu

Fuel Energy Savings-Heating Season-Unoccupied (90 MMBtu / 75 %): 120 [MMBtu

Cooling Season kWh Energy Cost Savings-Occupied (757 kWh/Yr x $0.07410 per kWh ): $ 56 |per year

Cooling Season kWh Energy Cost Savings-Unoccupied (685 kWh/Yr x $0.07410 per kWh ): $ S1 |[per year

Fuel Energy Cost Savings-Heating Season-Occupied (85 MMBtu x $7.51 per MMBtu ): $ 640 |per year

Fuel Energy Cost Savings-Heating Season-Unoccupied (120 MMBtu x $7.51 per MMBtu ): $ 902 |per vear

Total Savings Cost (856 kWh/yr + $51 kWh/yr + $640 Btu + $902 Btu): $ 1,649 |per year

Building Insulation

Cooling Season kWh Energy Savings-Occupied ( fi*2 x (. U-Value - . U-Value) * 24 * 603 CDD / 12.000 Btuw/ton) * (.99 kW/ton): 0[kWh/yr

Cooling Season kWh Energy Savings-Unoccupied ( fi*2 x (. U-Value - . U-Value) * 24 * 631 CDD / 12.000 Btw/ton) * (.99 kW/ton): O[kWhAT

Fuel Energy Savings-Heating Season-Occupied ( ft"2 x (. U-Value - . U-Value ) * 24 * 2452 HDD / 1,000,000 Btu) / (75 %): 0[MMBtu

Fuel Energy Savings-Heating Season-Unoccupied (_ fi*2 x (. U-Value - . U-Value ) * 24 * 3719 HDD / 1.000.000 Btw) / (75 %): 0[MMBtu

Cooling Season kWh Energy Cost Savings-Occupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Cooling Season kWh Energy Cost Savings-Unoccupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Total Savings Cost ($0 kWh/yr + $0 KWh/yr + $0 Btu + $0 Btu): $ - per year

Constants and calculated values used in calculations:

Occupied Indoor Enthalpy at 75° F and 60% RH 30.220 [Btw/lb (air)
Unoceupied Indoor Enthalpy at 75° F and 60% RH 30220 [Btwb (air) These calculations are based on ASHRAE Fundamentals 2009, chapter
ASHRAE Sensible Heat Coefficient 1.08 16, page 16.23, formula number 48 as shown below.
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

@\* Contact: Andrew Martin
/\\ENERGY SOLUTIONS | Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: -
ASHRAE Enthalpy Coefficient 4.5
Btu/ton 12,000 [Btw/ton
Btu 1000000|Btu
0000001l Basic Model. The following calculations are based on the Sher-
man and Grimsrud (1980) model, which uses the effective air leakage
ASHRAE TABLE 16.23, Table 4 Basic Model Stack Coefficient Cg, area at 0.016 in. of water. This leakage area can be obtained from a
Story Stack Cocfficient C. hole-buildi ization test. Using effective air leakage area,
oy ck Cocfficient Cy the airflow rate from infiltration is calculated fing to
1 0.01500
2 0.02990 o= 4, fJcan+c, ,u? (48)
3 0.04490 where
4 0.06283 @ = airflow rate, cfim
5 007538 Ay = effective wir leakage area, in?
- €, = stack coefficient, cfm?{in*-=F)
6 0.09433 Al = ge indoor o i for time interval
7 0.11008 of calculation, °F
€,, = wind coefficient, cfm?/(in*-mph?)
8 0.12583 £ = average wind speed measured at local weather sttion for time
9 0.14158 interval of calculation, mph
10 0.15733 Table 4 presents values of C, for one-, two-, and three-story houses.
The value of wind coefficient C,, depends on the local shelter class
of the building (described in Table 5) and the building height. Table
ASHRAE TABLE 16.23, Table 5 Local Shelter Class: & presents values of C,, for one-, two-. and three-story houses in
1 No Obstructions or local shielding shelter classes 1 through 5. In calculating values in Tables 4 and &,

X i the following assumptions were made regarding input to the basic
2 Typical shelter for an isolated rural house model:

3 Typical shelter used by other buildings across the street from building under study
4 Typical shelter for urban buildings on larger lots where sheltering obstacles are more than one building height away
5 Typical shelter produced by building or other structures immediately adjacent

ASHRAE TABLE 16.23, Table 6 Basic Model Wind Coefficient Cyy,

Shelter | Shelter Class Values

# of Stories Shelter Class 1 Shelter Class 2 Shelter Class 3 Class 4 5 Used
1 0.0119 0.0092 0.0065 0.0039 0.0012 0.0092
2 0.0157 00121 0.0086 0.0051 0.0016 0.0121
0.0184 0.0143 0.0101 0.0060 0.0018 0.0143
4 0.0218 0.0170 00120 | 0.0071 0.0021 0.0170
5 0.0251 0.0195 00138 | 0.0082 0.0024 0.0195
6 0.0283 0.0221 0.0156 0.0092 0.0027 0.0221
7 0.0316 0.0246 0.0174 0.0103 0.0030 0.0246
8 0.0348 0.0272 0.0192 0.0113 0.0033 0.0272
9 0.0381 0.0297 0.0210 0.0124 0.0036 0.0297
10 0.0413 0.0323 0.0228 0.0134 0.0039 0.0323

Indoor Cooling Occupied Setpoint C: i I
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

&7\*\ Contact: Andrew Martin
FAN ENERL Y/ SOLLITIONS, Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Dry Bulb Temp DB 5|Deg F
Relative Humidity RH %
Humidity Ratio w 0.0112 Ib v/Ib dry air 75.0000
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F

Indoor Cooling Unoccupied Setpoint Calculations

Dry Bulb Temp DB 75|Deg F
Relative Humidity RH 60|%

Humidity Ratio w 0.0112 b v/Ib dry air
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Date of Report; 10/4/2021

Type of Report: Building Envelope Calculation
Weather Data City/State: burg Intl AP, PA

Information provided by customer

Information provided by our company

Inputs and Assumptions:
Building 34

Definitions:

ASHRAE Fundamentals 16.23-48 Applies Q=A;, * sqrt(Cs *At + CW*UZ)
Qr = Q*I = Infiltrated/Exfiltrated Air Flow Rate, Cfim

Q = Air Flow Rate, Cfm

Ay = Effective air leakage area. in?

Cs= Stack coefficient, cfm”2/(in"4*°F)

Cy= Wind Coefficient. cfm”2/(in"4* mph"2)

At = Indoor - Outdoor temperature differential

U = Wind speed. mph

I = Infiltration/Exfiltration Factor

Temperature Which Heating Begins 70[°F Used to Establish Maxi Outdoor Temperature for Heating System Operation
Temperature Which Cooling Begins 75|°F Used to Establish Mini Outdoor Temg for Cooling System Operation
Day Operation Begins (Sunday is Day 1) 1 |Sunday

Day Operation Ends (Sunday is Day 1) 7 |Saturday These Values Used to Establish Occupied Hours vs Unoccupied Hours

Hour Operation Begins (Hour 1 is Midnight to 1 AM) 1 |Hour

[Hour Operation Ends (Hour 1 is Midnight to 1 AM) 24 |Hour

Directional Wind Infiltration/Exfiltration 70% [per cent

Occupied Cooling Temperature Setpoint 75|°F Used for Occupied Cooling Enthalpy Calculations

Occupied Heating Temperature Setpoint 70[°F Used for Occupied Heating AT Calculations

Unoccupied Cooling Indoor Temperature Setpoint 75|°F Used for Unoccupied Cooling Enthalpy Calculations

Unoccupied Heating Indoor Temperature Setpoint 70[°F Used for Unoccupied Heating AT Calculations

Cooling Plant Efficiency

0.992 [kW/ton

Heating Plant Efficiency 75% |per cent

|[Energy Cost $/kWh $ 0.07410 |per kWh Electric
Fuel Energy Cost $/MMBtu $ 7.51000 [per MMBtu Natural Gas
# of Floors in Buildin, 3

Local Shelter Class (see Table 5 below) 2|Typical shelter for an isolated rural house
A, = Effective Air Leakage Area from Survey. fi’ 4.30(

Existing Insulation Area from Survey, f” s

Existing U-Value

Proposed U-Value
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital

Calculations:

Building 34 Wernersville State Hospital Crack area Calcul

Air Leakage from Survey. in"2 = (144 * 4 fi"2 ): 618.75in* Width LE it

Selected Basic Model Stack Coefficient Cg 0.04490 |cfm”2/(in"4 x °F) 116 641 3.339

Selected Basic Model Wind Coefficient Cy 0.0143 |cfim"2/(in"4*mph”2) 1/8 92 0.958

Cooling Season Energy from Weather Table-Occupied Cooling ton-hours (16.195.575 Btu / 12,000 Btu/ton): 1,350 |ton-hours 1/4 0.000

Cooling Season Energy from Weather Table-Unoccupied Cooling ton-hours ( Btu / 12,000 Btw/ton): - ton-hours 1/2 0.000

Heating Season Energy from Weather Table-Occupied (147.935.726 Btu / 1.000.000 Btu): 148 [MMBtu 3/4 0.000

Heating Season Energy from Weather Table-Unoccupied ( Btu / 1.000.000 Btu): - MMBtu 1 0.000
1172 0.000

ECM Energy and Cost Savings: 2 0.000

Cooling Season kWh Energy Savings-Occupied (1.350 ton-hours * .99 kW/ton): 1,339 [kWhiyr 4.297

Cooling Seasons kWh Energy Savings-Unoccupied ( ton-hours * .99 kW/ton): - kWh/yr Penetrations

Controls Occupied Hours Per Year 8,760 |Hrs/vear 4.297

Controls Unoccupied Hours Per Year - |Hrs/vear

Fuel Energy Savings-Heating Season-Occupied (148 MMBtu / 75 %): 197 [MMBtu

Fuel Energy Savings-Heating Season-Unoccupied ( MMBtu / 75 %): - MMBtu

Cooling Season kWh Energy Cost Savings-Occupied ( 1.339 kWh/Yr x $0.07410 per kWh ): $ 99 |per year

Cooling Season kWh Energy Cost Savings-Unoccupied ( kWh/Yr x $0.07410 per kWh ): $ - |peryear

Fuel Energy Cost Savings-Heating Season-Occupied ( 197 MMBtu x $7.51 per MMBtu ): $ 1,481 |per year

Fuel Energy Cost Savings-Heating Season-Unoccupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Total Savings Cost (899 kWh/yr + $0 kWh/yr + $1481 Btu + $0 Btu): $ 1,581 |per year

Building Insulation

Cooling Season kWh Energy Savings-Occupied ( fi"2 x (. U-Value - . U-Value) * 24 * 1234 CDD / 12.000 Btw/ton) * (.99 kW/ton): 0[kWh/yr

Cooling Season kWh Energy Savings-Unoccupied (fi*2 x (. U-Value - . U-Value) * 24 * CDD /12.000 Btu/ton) * (99 kW/ton): O[kWhAT

Fuel Energy Savings-Heating Season-Occupied ( ft"2 x (. U-Value - . U-Value ) * 24 * 6171 HDD / 1,000,000 Btu) / (75 %): 0[MMBtu

Fuel Energy Savings-Heating Season-Unoccupied (_fi*2 x (. U-Value - . U-Value ) * 24 * HDD / 1.000.000 Btw) / (75 %): 0[MMBtu

Cooling Season kWh Energy Cost Savings-Occupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Cooling Season kWh Energy Cost Savings-Unoccupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Total Savings Cost ($0 kWh/yr + $0 KWh/yr + $0 Btu + $0 Btu): $ - per year

Constants and calculated values used in calculations:

Occupied Indoor Enthalpy at 75° F and 60% RH 30.220 [Btw/lb (air)
Unoceupied Indoor Enthalpy at 75° F and 60% RH 30220 [Btwb (air) These calculations are based on ASHRAE Fundamentals 2009, chapter
ASHRAE Sensible Heat Coefficient 1.08 16, page 16.23, formula number 48 as shown below.
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

@\* Contact: Andrew Martin
/\\ENERGY SOLUTIONS | Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: -
ASHRAE Enthalpy Coefficient 4.5
Btu/ton 12,000 [Btw/ton
Btu 1000000|Btu
0000001l Basic Model. The following calculations are based on the Sher-
man and Grimsrud (1980) model, which uses the effective air leakage
ASHRAE TABLE 16.23, Table 4 Basic Model Stack Coefficient Cg, area at 0.016 in. of water. This leakage area can be obtained from a
Story Stack Cocfficient C. hole-buildi ization test. Using effective air leakage area,
oy ck Cocfficient Cy the airflow rate from infiltration is calculated fing to
1 0.01500
2 0.02990 o= 4, fJcan+c, ,u? (48)
3 0.04490 where
4 0.06283 @ = airflow rate, cfim
5 007538 Ay = effective wir leakage area, in?
- €, = stack coefficient, cfm?{in*-=F)
6 0.09433 Al = ge indoor o i for time interval
7 0.11008 of calculation, °F
€,, = wind coefficient, cfm?/(in*-mph?)
8 0.12583 £ = average wind speed measured at local weather sttion for time
9 0.14158 interval of calculation, mph
10 0.15733 Table 4 presents values of C, for one-, two-, and three-story houses.
The value of wind coefficient C,, depends on the local shelter class
of the building (described in Table 5) and the building height. Table
ASHRAE TABLE 16.23, Table 5 Local Shelter Class: & presents values of C,, for one-, two-. and three-story houses in
1 No Obstructions or local shielding shelter classes 1 through 5. In calculating values in Tables 4 and &,

X i the following assumptions were made regarding input to the basic
2 Typical shelter for an isolated rural house model:

3 Typical shelter used by other buildings across the street from building under study
4 Typical shelter for urban buildings on larger lots where sheltering obstacles are more than one building height away
5 Typical shelter produced by building or other structures immediately adjacent

ASHRAE TABLE 16.23, Table 6 Basic Model Wind Coefficient Cyy,

Shelter | Shelter Class Values

# of Stories Shelter Class 1 Shelter Class 2 Shelter Class 3 Class 4 5 Used
1 0.0119 0.0092 0.0065 0.0039 0.0012 0.0092
2 0.0157 00121 0.0086 0.0051 0.0016 0.0121
0.0184 0.0143 0.0101 0.0060 0.0018 0.0143
4 0.0218 0.0170 00120 | 0.0071 0.0021 0.0170
5 0.0251 0.0195 00138 | 0.0082 0.0024 0.0195
6 0.0283 0.0221 0.0156 0.0092 0.0027 0.0221
7 0.0316 0.0246 0.0174 0.0103 0.0030 0.0246
8 0.0348 0.0272 0.0192 0.0113 0.0033 0.0272
9 0.0381 0.0297 0.0210 0.0124 0.0036 0.0297
10 0.0413 0.0323 0.0228 0.0134 0.0039 0.0323

Indoor Cooling Occupied Setpoint C: i I
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

&7\*\ Contact: Andrew Martin
FAN ENERL Y/ SOLLITIONS, Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Dry Bulb Temp DB 5|Deg F
Relative Humidity RH %
Humidity Ratio w 0.0112 Ib v/Ib dry air 75.0000
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F

Indoor Cooling Unoccupied Setpoint Calculations

Dry Bulb Temp DB 75|Deg F
Relative Humidity RH 60|%

Humidity Ratio w 0.0112 b v/Ib dry air
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Date of Report; 10/4/2021

Type of Report: Building Envelope Calculation
Weather Data City/State: burg Intl AP, PA

Information provided by customer

Information provided by our company

Inputs and Assumptions:
Building 35

Definitions:

ASHRAE Fundamentals 16.23-48 Applies Q=A;, * sqrt(Cs *At + CW*UZ)
Qr = Q*I = Infiltrated/Exfiltrated Air Flow Rate, Cfim

Q = Air Flow Rate, Cfm

Ay = Effective air leakage area. in?

Cs= Stack coefficient, cfm”2/(in"4*°F)

Cy= Wind Coefficient. cfm”2/(in"4* mph"2)

At = Indoor - Outdoor temperature differential

U = Wind speed. mph

I = Infiltration/Exfiltration Factor

Temperature Which Heating Begins 70[°F Used to Establish Maxi Outdoor Temperature for Heating System Operation
Temperature Which Cooling Begins 75|°F Used to Establish Mini Outdoor Temg for Cooling System Operation
Day Operation Begins (Sunday is Day 1) 1 |Sunday

Day Operation Ends (Sunday is Day 1) 7 |Saturday These Values Used to Establish Occupied Hours vs Unoccupied Hours

Hour Operation Begins (Hour 1 is Midnight to 1 AM) 1 |Hour

[Hour Operation Ends (Hour 1 is Midnight to 1 AM) 24 |Hour

Directional Wind Infiltration/Exfiltration 70% [per cent

Occupied Cooling Temperature Setpoint 75|°F Used for Occupied Cooling Enthalpy Calculations

Occupied Heating Temperature Setpoint 70[°F Used for Occupied Heating AT Calculations

Unoccupied Cooling Indoor Temperature Setpoint 75|°F Used for Unoccupied Cooling Enthalpy Calculations

Unoccupied Heating Indoor Temperature Setpoint 70[°F Used for Unoccupied Heating AT Calculations

Cooling Plant Efficiency

0.992 [kW/ton

Heating Plant Efficiency 75% |per cent

|[Energy Cost $/kWh $ 0.07410 |per kWh Electric
Fuel Energy Cost $/MMBtu $ 7.51000 [per MMBtu Natural Gas
# of Floors in Buildin, 3

Local Shelter Class (see Table 5 below) 2|Typical shelter for an isolated rural house
A, = Effective Air Leakage Area from Survey. fi’ 4.30(

Existing Insulation Area from Survey, f” s

Existing U-Value

Proposed U-Value
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital

Calculations:

Building 35 Wernersville State Hospital Crack area Calcul

Air Leakage from Survey. in"2 = (144 * 4 fi"2 ): 618.75in* Width LE it

Selected Basic Model Stack Coefficient Cg 0.04490 |cfm”2/(in"4 x °F) 116 641 3.339

Selected Basic Model Wind Coefficient Cy 0.0143 |cfim"2/(in"4*mph”2) 1/8 92 0.958

Cooling Season Energy from Weather Table-Occupied Cooling ton-hours (16.195.575 Btu / 12,000 Btu/ton): 1,350 |ton-hours 1/4 0.000

Cooling Season Energy from Weather Table-Unoccupied Cooling ton-hours ( Btu / 12,000 Btw/ton): - ton-hours 1/2 0.000

Heating Season Energy from Weather Table-Occupied (147.935.726 Btu / 1.000.000 Btu): 148 [MMBtu 3/4 0.000

Heating Season Energy from Weather Table-Unoccupied ( Btu / 1.000.000 Btu): - MMBtu 1 0.000
1172 0.000

ECM Energy and Cost Savings: 2 0.000

Cooling Season kWh Energy Savings-Occupied (1.350 ton-hours * .99 kW/ton): 1,339 [kWhiyr 4.297

Cooling Seasons kWh Energy Savings-Unoccupied ( ton-hours * .99 kW/ton): - kWh/yr Penetrations

Controls Occupied Hours Per Year 8,760 |Hrs/vear 4.297

Controls Unoccupied Hours Per Year - |Hrs/vear

Fuel Energy Savings-Heating Season-Occupied (148 MMBtu / 75 %): 197 [MMBtu

Fuel Energy Savings-Heating Season-Unoccupied ( MMBtu / 75 %): - MMBtu

Cooling Season kWh Energy Cost Savings-Occupied ( 1.339 kWh/Yr x $0.07410 per kWh ): $ 99 |per year

Cooling Season kWh Energy Cost Savings-Unoccupied ( kWh/Yr x $0.07410 per kWh ): $ - |peryear

Fuel Energy Cost Savings-Heating Season-Occupied ( 197 MMBtu x $7.51 per MMBtu ): $ 1,481 |per year

Fuel Energy Cost Savings-Heating Season-Unoccupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Total Savings Cost (899 kWh/yr + $0 kWh/yr + $1481 Btu + $0 Btu): $ 1,581 |per year

Building Insulation

Cooling Season kWh Energy Savings-Occupied ( fi"2 x (. U-Value - . U-Value) * 24 * 1234 CDD / 12.000 Btw/ton) * (.99 kW/ton): 0[kWh/yr

Cooling Season kWh Energy Savings-Unoccupied (fi*2 x (. U-Value - . U-Value) * 24 * CDD /12.000 Btu/ton) * (99 kW/ton): O[kWhAT

Fuel Energy Savings-Heating Season-Occupied ( ft"2 x (. U-Value - . U-Value ) * 24 * 6171 HDD / 1,000,000 Btu) / (75 %): 0[MMBtu

Fuel Energy Savings-Heating Season-Unoccupied (_fi*2 x (. U-Value - . U-Value ) * 24 * HDD / 1.000.000 Btw) / (75 %): 0[MMBtu

Cooling Season kWh Energy Cost Savings-Occupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Cooling Season kWh Energy Cost Savings-Unoccupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Total Savings Cost ($0 kWh/yr + $0 KWh/yr + $0 Btu + $0 Btu): $ - per year

Constants and calculated values used in calculations:

Occupied Indoor Enthalpy at 75° F and 60% RH 30.220 [Btw/lb (air)
Unoceupied Indoor Enthalpy at 75° F and 60% RH 30220 [Btwb (air) These calculations are based on ASHRAE Fundamentals 2009, chapter
ASHRAE Sensible Heat Coefficient 1.08 16, page 16.23, formula number 48 as shown below.
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

@\* Contact: Andrew Martin
/\\ENERGY SOLUTIONS | Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: -
ASHRAE Enthalpy Coefficient 4.5
Btu/ton 12,000 [Btw/ton
Btu 1000000|Btu
0000001l Basic Model. The following calculations are based on the Sher-
man and Grimsrud (1980) model, which uses the effective air leakage
ASHRAE TABLE 16.23, Table 4 Basic Model Stack Coefficient Cg, a:eu at l} 016 in. of water. Thts leakage area can be obtained from a
Story N it -uuf; test. Usl.ug eﬁ'emve au' leakage area,
o Stack Coefficient Cy the alrﬂ.ow rate from infil is to
1 0.01500
2 0.02990 Q= 4;.fc,art c, U? (48)
3 0.04490 where
4 0.06283 @ = airflow rate, cfim
5 007538 = effective mir leakage area, in?
- C; = m:kcmfsciam. cﬁn’*’ﬁh"v“}’)
6 0.09433 Al = diff for ime interval
7 0.11008 °f°“1f“1="l
C,, = wind coﬁﬂicleﬂ!.. cfm?/(in®-mph?)
8 0.12583 /= average wind spoed measured at local weather station for time
9 0.14158 interval of calculation, mph
10 0.15733 Table 4 presents values of C, for one-, two-, and three-story houses.
The wvalue of wind coefficient C,, depends on the local shelter class
of the building (described in Table 5) and the building height. Table
ASHRAE TABLE 16.23, Table 5 Local Shelter Class: & presents values of C,, for one-, two-, and three-story houses in
1 No Obstructions or local shielding shelter classes 1 through 5. In calculating values in Tables 4 and 6,

X i the following assumptions were made regarding input to the basic
2 Typical shelter for an isolated rural house model:

3 Typical shelter used by other buildings across the street from building under study
4 Typical shelter for urban buildings on larger lots where sheltering obstacles are more than one building height away
5 Typical shelter produced by building or other structures immediately adjacent

ASHRAE TABLE 16.23, Table 6 Basic Model Wind Coefficient Cyy,

Shelter | Shelter Class Values

# of Stories Shelter Class 1 Shelter Class 2 Shelter Class 3 Class 4 5 Used
1 0.0119 0.0092 0.0065 0.0039 0.0012 0.0092
2 0.0157 00121 0.0086 0.0051 0.0016 0.0121
0.0184 0.0143 0.0101 0.0060 0.0018 0.0143
4 0.0218 0.0170 00120 | 0.0071 0.0021 0.0170
5 0.0251 0.0195 00138 | 0.0082 0.0024 0.0195
6 0.0283 0.0221 0.0156 0.0092 0.0027 0.0221
7 0.0316 0.0246 0.0174 0.0103 0.0030 0.0246
8 0.0348 0.0272 0.0192 0.0113 0.0033 0.0272
9 0.0381 0.0297 0.0210 0.0124 0.0036 0.0297
10 0.0413 0.0323 0.0228 0.0134 0.0039 0.0323

Indoor Cooling Occupied Setpoint C: i I
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

&7\*\ Contact: Andrew Martin
FAN ENERL Y/ SOLLITIONS, Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Dry Bulb Temp DB 5|Deg F
Relative Humidity RH %
Humidity Ratio w 0.0112 Ib v/Ib dry air 75.0000
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F

Indoor Cooling Unoccupied Setpoint Calculations

Dry Bulb Temp DB 75|Deg F
Relative Humidity RH 60|%

Humidity Ratio w 0.0112 b v/Ib dry air
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Date of Report; 10/4/2021

Type of Report: Building Envelope Calculation
Weather Data City/State: burg Intl AP, PA

Information provided by customer

Information provided by our company

Inputs and Assumptions:
Building 37

Definitions:

ASHRAE Fundamentals 16.23-48 Applies Q=A;, * sqrt(Cs *At + CW*UZ)
Qr = Q*I = Infiltrated/Exfiltrated Air Flow Rate, Cfim

Q = Air Flow Rate, Cfm

Ay = Effective air leakage area. in?

Cs= Stack coefficient, cfm”2/(in"4*°F)

Cy= Wind Coefficient. cfm”2/(in"4* mph"2)

At = Indoor - Outdoor temperature differential

U = Wind speed. mph

I = Infiltration/Exfiltration Factor

Temperature Which Heating Begins 70[°F Used to Establish Maxi Outdoor Temperature for Heating System Operation
Temperature Which Cooling Begins 75|°F Used to Establish Mini Outdoor T for Cooling System Operation
Day Operation Begins (Sunday is Day 1) 1 |Sunday

Day Operation Ends (Sunday is Day 1) 7 |Saturday These Values Used to Establish Occupied Hours vs Unoccupied Hours

Hour Operation Begins (Hour 1 is Midnight to 1 AM) 1 |Hour

[Hour Operation Ends (Hour 1 is Midnight to 1 AM) 24 |Hour

Directional Wind Infiltration/Exfiltration 70% [per cent

Occupied Cooling Temperature Setpoint 75|°F Used for Occupied Cooling Enthalpy Calculations

Occupied Heating Temperature Setpoint 70[°F Used for Occupied Heating AT Calculations

Unoccupied Cooling Indoor Temperature Setpoint 75|°F Used for Unoccupied Cooling Enthalpy Calculations

Unoccupied Heating Indoor Temperature Setpoint 70[°F Used for Unoccupied Heating AT Calculations

Cooling Plant Efficiency

0.992 [kW/ton

Heating Plant Efficiency 75% |per cent

|[Energy Cost $/kWh $ 0.07410 |per kWh Electric

Fuel Energy Cost $/MMBtu $ 7.51000 [per MMBtu Natural Gas

# of Floors in Buildin, 5

Local Shelter Class (see Table 5 below) 3|Typical shelter used by other buildings across the street from building under study
A, = Effective Air Leakage Area from Survey. fi’ 3.04|°

Existing Insulation Area from Survey, f” s

Existing U-Value

Proposed U-Value
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

Contact: Andrew Martin
Phone #: (717) 989-6909
Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital

Calculations:

Building 37 Wernersville State Hospital Crack area Calcul

Air Leakage from Survey. in"2 = (144 * 3 fi"2 ): 437.25|in* Width LE it

Selected Basic Model Stack Coefficient Cs 0.07858 |cfm”"2/(in"4 x °F) 116 437 2.276

Selected Basic Model Wind Coefficient Cy 0.0138 |cfim"2/(in"4*mph”2) 1/8 73 0.760

Cooling Season Energy from Weather Table-Occupied Cooling ton-hours (12.348.263 Btu / 12.000 Btu/ton): 1,029 |ton-hours 1/4 0.000

Cooling Season Energy from Weather Table-Unoccupied Cooling ton-hours ( Btu / 12,000 Btw/ton): - ton-hours 1/2 0.000

Heating Season Energy from Weather Table-Occupied (123.337.198 Btu / 1.000.000 Btu): 123 [MMBtu 3/4 0.000

Heating Season Energy from Weather Table-Unoccupied ( Btu / 1.000.000 Btu): - MMBtu 1 0.000
1172 0.000

ECM Energy and Cost Savings: 2 0.000

Cooling Season kWh Energy Savings-Occupied (1.029 ton-hours * .99 kW/ton): 1,021 [kWh/yr 3.036

Cooling Seasons kWh Energy Savings-Unoccupied ( ton-hours * .99 kW/ton): - kWh/yr Penetrations

Controls Occupied Hours Per Year 8,760 |Hrs/vear 3.036

Controls Unoccupied Hours Per Year - |Hrs/vear

Fuel Energy Savings-Heating Season-Occupied (123 MMBtu / 75 %): 164 [MMBtu

Fuel Energy Savings-Heating Season-Unoccupied ( MMBtu / 75 %): - MMBtu

Cooling Season kWh Energy Cost Savings-Occupied ( 1.021 kWh/Yr x $0.07410 per kWh ): $ 76 |per year

Cooling Season kWh Energy Cost Savings-Unoccupied ( kWh/Yr x $0.07410 per kWh ): $ - |peryear

Fuel Energy Cost Savings-Heating Season-Occupied ( 164 MMBtu x $7.51 per MMBtu ): $ 1,235 |per year

Fuel Energy Cost Savings-Heating Season-Unoccupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Total Savings Cost (876 kWh/yr + $0 kWh/yr + $1235 Btu + $0 Btu): $ 1,311 |per year

Building Insulation

Cooling Season kWh Energy Savings-Occupied ( fi"2 x (. U-Value - . U-Value) * 24 * 1234 CDD / 12.000 Btw/ton) * (.99 kW/ton): 0[kWh/yr

Cooling Season kWh Energy Savings-Unoccupied (fi*2 x (. U-Value - . U-Value) * 24 * CDD /12.000 Btu/ton) * (99 kW/ton): O[kWhAT

Fuel Energy Savings-Heating Season-Occupied ( ft"2 x (. U-Value - . U-Value ) * 24 * 6171 HDD / 1,000,000 Btu) / (75 %): 0[MMBtu

Fuel Energy Savings-Heating Season-Unoccupied (_fi*2 x (. U-Value - . U-Value ) * 24 * HDD / 1.000.000 Btw) / (75 %): 0[MMBtu

Cooling Season kWh Energy Cost Savings-Occupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Cooling Season kWh Energy Cost Savings-Unoccupied ( kWh/Yr x $0.07410 per kWh ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Fuel Energy Cost Savings-Heating Season-Occupied ( MMBtu x $7.51 per MMBtu ): $ - per year

Total Savings Cost ($0 kWh/yr + $0 KWh/yr + $0 Btu + $0 Btu): $ - per year

Constants and calculated values used in calculations:

Occupied Indoor Enthalpy at 75° F and 60% RH 30.220 [Btw/lb (air)
Unoceupied Indoor Enthalpy at 75° F and 60% RH 30220 [Btwb (air) These calculations are based on ASHRAE Fundamentals 2009, chapter
ASHRAE Sensible Heat Coefficient 1.08 16, page 16.23, formula number 48 as shown below.
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

@\* Contact: Andrew Martin
/\\ENERGY SOLUTIONS | Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: -
ASHRAE Enthalpy Coefficient 4.5
Btu/ton 12,000 [Btw/ton
Btu 1000000|Btu
0000001l Basic Model. The following calculations are based on the Sher-
man and Grimsrud (1980) model, which uses the effective air leakage
ASHRAE TABLE 16.23, Table 4 Basic Model Stack Coefficient Cg, a:eu at l} 016 in. of water. Thts leakage area can be obtained from a
Story N it -uuf; test. Usl.ug eﬁ'emve au' leakage area,
o Stack Coefficient Cy the alrﬂ.ow rate from infil is to
1 0.01500
2 0.02990 Q= 4;.fc,art c, U? (48)
3 0.04490 where
4 0.06283 @ = airflow rate, cfim
5 007538 = effective mir leakage area, in?
- C; = m:kcmfsciam. cﬁn’*’ﬁh"v“}’)
6 0.09433 Al = diff for ime interval
7 0.11008 °f°“1f“1="l
C,, = wind coﬁﬂicleﬂ!.. cfm?/(in®-mph?)
8 0.12583 /= average wind spoed measured at local weather station for time
9 0.14158 interval of calculation, mph
10 0.15733 Table 4 presents values of C, for one-, two-, and three-story houses.
The wvalue of wind coefficient C,, depends on the local shelter class
of the building (described in Table 5) and the building height. Table
ASHRAE TABLE 16.23, Table 5 Local Shelter Class: & presents values of C,, for one-, two-, and three-story houses in
1 No Obstructions or local shielding shelter classes 1 through 5. In calculating values in Tables 4 and 6,

X i the following assumptions were made regarding input to the basic
2 Typical shelter for an isolated rural house model:

3 Typical shelter used by other buildings across the street from building under study
4 Typical shelter for urban buildings on larger lots where sheltering obstacles are more than one building height away
5 Typical shelter produced by building or other structures immediately adjacent

ASHRAE TABLE 16.23, Table 6 Basic Model Wind Coefficient Cyy,

Shelter | Shelter Class Values

# of Stories Shelter Class 1 Shelter Class 2 Shelter Class 3 Class 4 5 Used
1 0.0119 0.0092 0.0065 0.0039 0.0012 0.0065
2 0.0157 00121 0.0086 0.0051 0.0016 0.0086
0.0184 0.0143 0.0101 0.0060 0.0018 0.0101
4 0.0218 0.0170 00120 | 0.0071 0.0021 0.0120
5 0.0251 0.0195 00138 | 0.0082 0.0024 0.0138
6 0.0283 0.0221 0.0156 0.0092 0.0027 0.0156
7 0.0316 0.0246 0.0174 0.0103 0.0030 0.0174
8 0.0348 0.0272 0.0192 0.0113 0.0033 0.0192
9 0.0381 0.0297 0.0210 0.0124 0.0036 0.0210
10 0.0413 0.0323 0.0228 0.0134 0.0039 0.0228

Indoor Cooling Occupied Setpoint C: i I
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I-Star Energy Solutions
104 Fite Way, Suite C
Quarryville, PA 17566

&7\*\ Contact: Andrew Martin
FAN ENERL Y/ SOLLITIONS, Phone #: (717) 989-6909

Email: andymartin@irexcorp.com

Project Name: Wernersville State Hospital
Dry Bulb Temp DB 5|Deg F
Relative Humidity RH %
Humidity Ratio w 0.0112 Ib v/Ib dry air 75.0000
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F

Indoor Cooling Unoccupied Setpoint Calculations

Dry Bulb Temp DB 75|Deg F
Relative Humidity RH 60|%

Humidity Ratio w 0.0112 b v/Ib dry air
78.16 grains/lb dry air
Enthalpy h 30.220 BTH/Ib dry air
Dew Point Temp DP 60.24 DegF
Saturation Pressure PW 0.2580
Saturation Pressure PWS 0.4301
TDBR 534.67 Rankin

* All calculations assume TDB and TWB above 32 Deg F
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Jamb Seals
Product  Brushlength Holder length Holder Finish Stock \}5515'4,
Code finches} (inches) Angle Color (feet] N/ o
JR40CLAD4BL 0.41 0.375 40°  (lear Anodized 7,8,9,10 @
J135CLAD4BL 0.41 0.450 35°  ClearAnodized 7,10
J1350UR04BL 0.41 0.450 35" Duranodic 7,10
J1356GLD04BL 0.41 0.450 35°  Gold Anodized i
J740CLA04BL 0.41 0.750 40°  (lear Anodized 7,8,10
J140DURD4BL 0.41 0.750 40° Duranodic 7,10
Astragals

Astragals are the weather-stripping material used to cover the gap between two doors.
Sealeze Astra-Sweep Nylon Therm-L- Brush Astragal Seal
1,500,000 cycle testing ANSI 156.4, 1980

www.sealeze.com

Astragal Seal Kits

Kit Prodect Brush Length  Door Height

Code {indes) {feet) I Rew

ATSOCLADABL14 041 7
ATSODURBABL14 041 7 I7777777] [FZZZI7772
ATS0GLDO4BL14 041 7 I ]
CI0CLADGEL1A 050 7 i 7
C380DURDABLA 059 7 ;
CI8DGLDDGELTA 059 7
A1S0CLAMABLTS 041 8 DI
A180DUR04BL16 041 8 -
ATBOGLDO4ELTS 041 ]
C3BICLADSEL 14 059 3
CIB0DURDABLTS 050 8
CIB0GLDOGELTA (5] g

Door Sweeps

The reference to DS is for the door sweep material, which is also a Commercial/ Industrial product. All weather-stripping
materials shall have a mill finish, unless otherwise specified.

Sealeze Nylon Therm-L- Brush Door Sweep
1,500,000 cycle testing ANSI 156.4, 1980

www.sealeze.com

I-Sfa4r Energy Solutions-Confidential Wernersville State Hospital
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Door Sweeps

Brush weatherseals are ideal for sealing the iregular surfaces of thresholds at doar boftoms, conforming io the surface wihile nof impairing the doors movemenis. Sefect the
right brush and holder, based on the size of the gap to be segled and the desired appearance of the haider,

g}r"‘ssm‘% Product Brush Holder Stock
Seters Myion Therm-1-Srush ug to 4"fang Code Length  Length Length
are L lphied for wse on 3-hor fire doors ) _r.“‘;fﬂg:;._ 't'"d"“l ..[:“:""_J'.§:'_ ! .:fﬁt!:_
2BHE 4 A130CLAD4BL 0.4 0.658 7,810
L A180DUR04BL 041 0658 7,10
T : A180GLDO4BL 0.41 0.658 12
. s . I B210CLAGSBL 0.53 1.000 3,7, 10
T i B210DUROSBL 0.53 1.000 10
3] B280CLAGSBL 0.53 0.691 10
T (380CLADSBL 0.59 0.750 3,7,10
653 5 059 5 (380DURGGBL 0.59 0.750 7,10
| I v ) (380GLDOSBL 059 0750 3,8
ABOCLAD4BL  B2100LADSBL  BZBOCIAOSEL  (3800LADGBL  CIR1CLADGEL  D4BOCLAOSEL (381CLADGBL 0.59 1.061 3,710
A1B0DURMMBL  B210DURGSEL CER0DURDGEL DagalURo9EL D480CLADDEL 0.94 1.102 3,7.8,9,10,12

A180GLD0IBL (380GLD0GEL
{Hadder and brush fength shown o inches)

D480DUR09BL 0.94 1.102 8,10

SEALANTS
Polyurethane Sealants:

We will be installing polyurethane sealant in all wall cracks, concrete cracks, mortar cracks, control joints, and exterior
applications unless otherwise specified.

Polyurethanes are usually considered better than silicones for most common exterior building applications. We will be
installing a polyurethane sealant that adheres to most common construction materials without primers, offers long service
life under severe climate conditions, excellent shear resistance, exceptional elasticity, resists sagging and is non-toxic when
cured. Polyurethane sealant becomes tack-free within eight hours and cures fully in about a week. It can be painted, but the
paint will not expand or contract with the sealant and may crack or peel.
Type: One-component, ultra-low moisture curing, fast skinning, commercial grade sealant;

Compliance: Sealant shall meet or exceed requirements of these standards:

1.  ASTM C920, Type S, Grade NS, Class 35, Use NT, M, A, and O.
DAP Premium Polyurethane Concrete & Masonry Sealant #18814
White Lightning Storm Blaster

http://'www.sherwin-williams.com

Loxon S1

http://'www.sherwin-williams.com

I-Sfrésr Energy Solutions-Confidential Wernersville State Hospital
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Silicone Sealants:

We will be installing silicone sealant for all silicone weather-strip application, for capping the exterior edges of any EPDM
glazing gaskets, and for sealing joints between non-porous surfaces such as metal and glass unless otherwise specified.

Although silicones are often considered extremely durable, the bonding characteristics of most silicones are not as good as
polyurethanes. We will install silicone sealant for adhering weather-strip when specified, for capping the exterior edges of
any EPDM glazing gaskets, and for sealing joints between non-porous surfaces such as metal and glass.
Type: One-component, ultra-low modulus, neutral-cure silicone rubber sealant;

Compliance: Sealant shall meet or exceed requirements of these standards:

2. ASTM C920, Type S, Grade NS, Class 100/50, Use T, NT, G, M, A, and O.

3. GSACID A-A-272A.

4.  GSA CID A-A-1556.
Dow Corning 790 Silicone Building Sealant

http://’www.dowcorning.com

GE SCS200 SilPruf Silicone Sealant and Adhesive

http://'www.siliconeforbuilding.com

950A4Siliconized Acrylic Latex Caulk

http://'www.sherwin-williams.com

Polyurethane Spray Foam Sealant:
Dow FROTH-PAK™ Foam Sealant

http://building.dow.com

I-SfréGr Energy Solutions-Confidential Wernersville State Hospital



ECM #4
Boiler house fuel switch — coal to natural gas with oil backup

Savings Calculations



WERNERSVILLE
ECM 4 - FUEL SWITCH

NORMALIZED DATA

Sum of Sum of

Sum of
COGEN

Sum of
COGEN

STEAM MLB  ELECT KWH OPERATION OPERATION

(MLB)

(KWH)

Sum of

Sum of Sum of Sum of

COGEN NG SUPPLIMENTAL BOILER NG PURCHASED

MCF

HEAT MLB MCF KWH

01 9,437 424938 = - 9437 12583 424938
02 7,939 396,60 = = - 7939 10585 396609
03 6414 427,226 - - - 6414 8552 427,226
04 4683 448718 = = - 4683 6244 443718
05 3323 524,683 - - - 3323 4431 524,683
06 2720 650,624 E - - 2720 3627 650,624
07 2619 815800 - - - 2619 3492 815800
08 2685 744,285 E - - 2685 3580 744285
09 2,903 605441 - - - 293 3871 605441
10 4767 443,151 E - - 4767 635 443151
1 6238 427,832 - - - 628 8317 47832
1 7702 425,350 : . - 700 1029 425350
Grand Total 61,430 6,334,657 - - - 61,430 81,907 6,334,657
EXISTING NON-NORMAL 61,646 6,042,606 REFRESH THE PIVOT TABLE AFTER MAKING INPUT CHANGES
9% OF EXISTING 100% 105%
NG COAL OlL ELECT
MCF TON GAL KWH
COMMODITY DATA EXISTING 25,611 2,179 7,948 | 6,334,657
PROPOSED 81,907 6,334,657
COAL 42,851 70% 7.978 148374 SAVINGS (56,295) 2,179 7,948 -
NAT GAS 17,991 29% 6.018 5.297 SAVINGS S | $ (298,203)| $ 323,250 |$ 15,261 -
oIL 804 1% 15.984 1.920
TOTAL/WEIGHTED AVG 61,646 100% 7.510 UTILITY SAVINGS 40,309
COGEN MAINT NA
ELECT 0.074 SAVINGS TOTAL 40,309
GENERATOR
PERFORMANCE DATA
RATED POWER 1,000.00 KW
PARASITIC LOADS 50.00 KW
NET POWER Kw
FUEL INPUT 11.43 MMBTU
USEFUL THERMAL 4.18 MMBTU
POWER TO HEAT RATIO 0.77 KW
ELECTRIC EFF Kw
THERMAL EFF | 37%Kw
OVERALL EFF 65% MMBTU
CAPITAL AND O&M COSTS MMBTU
INSTALLED COST $/KWH
MAINT COST $/KWH
MODEL OUTPUTS
PEAK USAGE - Kw
AVERAGE USAGE - Kw
MIN USAGE - Kw
% OF TOTAL KWH 0%
% OF TOTAL MBH 0%
NEW PLANT EFF 75%
OLD PLANT EFF 70%
EXISTING NG BOILER 750.00 BHP

EXISTING PEAK

PRINTED: 10/7/2021

25,050.00 LB/HR
18,000.00 LB/HR
521.74 BHP

THE EFFICIENCY NETWORK

PAGE10F 1



ECM #4
Boiler house fuel switch — coal to natural gas with oil backup

Equipment Information Sheets
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Grundfos innovations Custom-Built for your needs
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innovate
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B B CUSTOM-BUILT PUMPS

Custom solutions for
industrial applications

Combining features to customize pumps

With expert assistance from our engineers, customers can
choose among an unmatched range of designs, features,
options, materials, and much more, combining them to
create a tailor-made solution. Custom CR solutions add up to
over a million possible configurations.

A solution for every need

Grundfos CR has the most extensive range on the mar-
ket, but standard pump ranges can’t match all conceivable
applications. Grundfos customers needing a non-standard
solution are able to pick and choose pump elements or “mod-
ules” to cover nearly any situation.

Our custom solutions engineering department works
exclusively to custom design pumps for industry. Every day
Grundfos customers order pumps that will handle:

- extreme temperatures + paints

+ extreme pressures - varnishes

« aggressive/hazardous liquids ~ « high viscosity liquids
« vaporous liquids - explosive liquids

+ low NPSH level « horizontal mounting
« beltdrive

Cost-efficient custom solutions

Grundfos customized pumps are constructed specifically to
your exact requirements. Working in close cooperation with
you, our skilled specialists carefully analyze the situation to
make sure the solution fully meets your expectations.

We've got SOLUTIONS...

This does not mean every customized pump is designed
from scratch at prohibitive cost. Grundfos customers can go
right to the assembly stages. Custom designed pumps from
Grundfos are the result of judicious selection from a range of
high-quality elements, combined with great ease and speed
to create ideal solutions at low costs.

If you do not find a suggestion to suit your particular problem
in our brochure, simply contact Grundfos with your require-
ments. We will do everything we can to provide a solution.

™

GRUNDFOS »\
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Motors for special
applications

The motor is a crucial element of the final pump solution.
Grundfos offers choices to ensure maximum performance for
all customers.

Your many motor choices

The standard range of Grundfos motors will cover most
application demands — and customized solutions are available
for highly specific requirements such as:

Special supply voltages

Extreme operating conditions (temperature, humidity,
atmosphere)

Special motor protection
Specific approvals
Special motor design

High motor efficiency

Full range of variants available
The table at right shows an overview of some of the most
popular alternative motor variants and designs that Grundfos

can supply. The table is by no means complete. A range of

special designs and motor features is available — just contact

Grundfos.
Table A
Motor Size HP PH Material Number
1 1 85700004X
3 85600004X
1-1/2 1 85700005X
3 85600005X
2 1 85700006X
3 85600006X
3 1 84703251
3 85600008X
5 1 85700012X
3 85600012X
71/2 3 85600017X
10 3 85600022X
15 3 856000244
20 3 85600025X
25 3 85600026X
30 3 84703216

™

GRUNDFOS »\

=

Different motor brand

Different position
of motor

Explosion-proof motor

Different enclosure
class

Anti-condensation
heating
(space heaters)

Integrated variable

speed drive

Special supply voltage

Motor insulation class

Efficiency class

Oversized motor

Tropicalized windings

Wye/Delta starting

Test sheets
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MIURA'S EX SERIES
DUAL-FUEL
ON-DEMAND
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BOILERS

“ws
The new, BL Micro Controller f
Boiler Control System e Y
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- Series
High Pressure Steam Boiler
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On-Demand Steam Solutions



MIURA’S GAS/OIL SERIES
ON-DEMAND
STEAM BOILERS

SAVE 20%

FUEL COSTS
CONSERVE
RESOURCES.

Miura is known world-wide for our
commitment to protecting the environment
and our innovative and efficient boiler
designs. Our EX Gas/QOil Series High
Pressure Steam Boiler is the most versatile
industrial steam boiler in the world.
The EX design minimizes carryover and
produces dry 99+% saturated steam
in 5 minutes or less from a cold start.
Faster start-up means less fuel used,
greater savings, and more responsible
use of precious natural resources.

* Duadl fuel fired Natural Gas, Propane or #2 Fuel Oil
* High pressure options available (300 MAWP, 250 MAWP or 170 MAWP)

* Hot water boilers are available depending on models (refer to a Miura hot water
boiler catalog for details)

* NOx rating is available as low as 30ppm depending on model

Woater to
Steam in
5 minutes

Modular “MI System”’
offers enhanced design flexibility
& energy management .

Miura Boilers produce steam in Facilities with larger loads can employ

5 minutes using their exclusive “floating
header” design, a revolutionary advance
that results in our customers using
substantially less gas and oil. On average
our customers save 20% on fuel costs
and equivalent CO, reductions. Given
ever-increasing concern with energy
costs & CO2 emissions, forward-
thinking organizations recognize the
value that Miura’s technology can bring
to their “triple bottom line”.

Miura’s innovative““MI” (Multiple Installation)
system to build an On-Demand steam
plant customized to meet site-specific
demand requirements. The Ml System
provides both the flexibility to build-to-

suit current steam loads within very tight tolerances while allowing
ease of future expansion of system capacity. In addition, the multiple
modular units enhance a facility’s energy management capability by
providing higher efficiency during part-load / stand-by conditions
via the Ml System’s ability to stage multiple units on/off in
response to demand fluctuations.

E‘V
MISSION
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CONTROISSYSTEM

The new BL Micro Controller Boiler Control System (left), the “brain”
behind Miura’s enhanced energy management system, offers significant
advancements including many new individual monitoring points —an increase
of over 60% compared to our popular X|I Controller.

The BL Controller provides robust 24/7 boiler Monitoring, Measuring &
Verification (MM&V) capabilities and enhances troubleshooting by identifying
problems and suggesting solutions via an easy-to-read display that interfaces
with Miura Online Maintenance® software. Information is accessible both on
site and on-line.The BL Controller features simple, intuitive programming
that is easy to set up, program and operate.VWWhen combined with our O&M
training program, the easy-to-use interface provides your facility with an
intelligent boiler system to optimize energy and personnel management for

increased productivity, efficiency and a reduced environmental impact.

High Performance via Enhanced Control Capability

The BL Micro Controller Boiler Control System measures the

* Greater control over steam pressure

settings for steadier steam pressure.  Steam Pressure

* Allows for compensated adjustment
of high and low fire scale thermocouple
settings.

* Allows for compensated adjustment
of automatic blowdown based upon
Total Dissolved Solids (TDS) and/or
blowdown rates.

¢ Flame Current

* Easily interfaces with the Miura
“Colormetry” unit to minimize scale
formation due to water softener failure.

Omega Flow

Dual Fuel (Gas/Oil)

Miura’s EX Series boilers offer a
unique advantage for users of both
gas and oil. Now you can enjoy the
H flexibility of switching fuel, without the
need for a separate burner, typically
required by other manufacturers.
Miura technology means outstanding
innovation and ease of use.

'..-.""'|"" e 3

Flow of combustion gas

Reduced Boiler
Footprint ot

. St | |
Miura’s unique compact modular '-'-,‘_\_& N '
design utilizes a low volume k] '<
pressure vessel offering output ,.--'“":L. = Y By -
capacities comparable to much “—=7" a1
larger conventional boilers. The 1 k3 !i :! Fr =
g

resulting reduced boiler footprint

provides design flexibility, reduced o
construction costs and enhanced ¥-o
utilization of existing space. '

* Flue Gas Temperature

* Feed Water Temperature

* Scale Monitor Temperature

* Overheat Monitor Temperature

* Remaining Time to Blowdown
 Automatic Surface Blowdown Valve (On/Off)
»  Water Conductivity
* [ I-Point Boiler Management Data
... Plus many more

performance of your boiler in an easy-to-read, user-friendly format:

Built-in Online Monitoring
Miura’s MOM/ ER “Dashboard” Systems

Efficiency is also measured
in consistent, reliable
performance and Miura

offers a robust suite of |

“dashboard” monitoring
systems integrated with
its BL boiler controller
to provide real-time,
24/7 monitoring capability.
Miura’s On-line Maintenance®

(“MOM?”) system provides a unique*“sliding window” feature
that records cautions / alarms in real time + 4 seconds
preceding them to provide enhanced troubleshooting
capability. The “MOM” system is standard with every unit

"1 and Miura offers monitoring to subscribing customers with

| a free 12-month trial of the service. Miura offers its ER

Sl monitoring system to those facilities that wish to integrate

boiler monitoring into their on-site control system rather
than subscribe to an off-site monitoring service.

See Miura’s MOM / ER brochure for more information.
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SUPERIOR ELUELE SAVINGS & €O REDUCTIONS

Highest In-Service Efficiencies in the commercial / industrial boiler industry

In-Service Efficiencies

100 l

80 " oy L LTS
L

60 |
| @® Miura Boiler

40 | v »——— @ Watertube Boiler
: Firetube Boiler

20 | Each dot represents one

boiler tested.
0 |

40 60

80 100
Load (%)

Miura’s innovative design promises to move boiler technology into the 21st
century, providing energy savings averaging 20% over other boiler designs. At
10% to 40% fuel savings, Miura can save about $200,000 per year in fuel for
a typical 600 BHP steam system (assuming fuel cost of $0.90 / them) with
reduced CO2 emissions of over |,100 metric tons per year.

The chart (left) compares in-service efficiencies of Miura boilers with both
conventional firetube and watertube boilers. Miura’s low volume design
results in optimal heat transfer with fuel-to-steam efficiencies of 85% at all
load conditions. Although typical firetube designs can deliver up to 83% fuel-
to-steam, studies comparing actual operating In-Service Efficiencies have
shown Miura averages 10% to 40% in fuel savings over standard firetube designs.

Whereas conventional boiler efficiency is significantly reduced during part-
load conditions, Miura offers consistently high operating efficiency at all
load conditions.

“HIGH IN-SERVICE EFFICIENCY

A Standard of Performance that sets Miura apart from other
Steam Boiler manufacturers

In-Service Efficiency is a
measure of overall boiler system
performance, no matter your
load profile. High In-Service
Efficiency is the level of
performance every Miura
customer can expect. This
standard of excellence has
been established based on
taking all factors of the boilers
operation into account (see
chart).

Forafurtherexplanation,let’s F
review the common Definitions

of Efficiency as related to the
Boiler:

Miura has developed the term
“In-Service Efficiency” to
include Combustion Efficiency,
Thermal Efficiency and all of
the other energy losses from
a boiler’s operational cycle
that contribute to operating

uel
In

Radiation Loss
Exhaust Loss

Start-Up Losses

Pre- & Post-Purge
Losses

Blow-Down Losses

Loss at High Turndown

Fuel-to-Steam

Changing Loads

Efficiency

Radiation Loss
at Idle / Stand-by

A
In-Service
Efficiency |

\/

efficiency including: radiation losses, blow-down losses, pre- and post-purge losses, and other losses that occur
during changing loads, high turn-down, part-load and stand-by operation.

In-Service Efficiency is a more comprehensive measure of boiler efficiency. It better reflects a boiler’s contribution
to a facility’s annual energy costs and is a more effective way to compare boiler performance.As a “bottom line”
boiler performance indicator, In-Service Efficiency is the best measure of the true cost of steam.




EX SERIES SPECIFICATIONS

EX-100 SGO 81 109

EX-200 SGO 91 130 120

EX-300 SGO** 106 142 157 131

FRONT VIEW

11 *  Minimum height for Boiler Knock Down
** Drawing not applicable for EX-300 SGO-12 (see new EX-300 insert)

TOP VIEW

ON|
B
13

NO. NAME OF PART

SIDE VIEW 1 BOILER VESSEL

' ‘I 3 LIQUID VOLUME CONTROLLER |
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EX SERIES SPECIFICATIONS

EX-100 SGO EX-150 SGO EX-200 SGO EX-250 SGO EXN-300 SGO (F) ¢s*7 EX-300 SGO
Utilization Horsepower 100HP \ 150HP \ 200HP \ 250HP \ 300HP \ 300BHP
Maximum Pressure (*1) 170 PSIG MAWP, 150 PSIG Maximum Operating
Equivalent Output (*2) 3,450 LB/HR 5,175 LB/HR 6,900 LB/HR 8,625 LB/HR 10,350 LB/HR 10,350 LB/HR
Heat Output = 3,348,000 BTU/HR 5,022,000 BTU/HR = 6,695,000 BTU/HR 8,369,000 BTU/HR 10,050,000 BTU/HR 10,040,000 BTU/HR
Efficiency (fuel to steam) (*3) 85% (80% without Economizer) 861/" (81 %.Wlth,,o 18
conomizer)
Heating Surface Area 196 FT? 323 FT? 323 FT? 389 FT? 499 FT? 515 FT?
Operational Weight 7,250 LBS 11,500 LBS 11,500 LBS 17,850 LBS 18,000 LBS 18,000 LBS
Shipping Weight 7,500 LBS 7,700 LBS 8,340 LBS 8,990 LBS 11,010 LBS 11,010 LBS
Dimensions Given are Approximate
Width 81 in. 91 in. 91 in. 94 in 99 in. 99 in
Length 109 in. 130in. 130in. 136 in. 142 in. 142 in
Height 99in. 120 in. 120 in. 146 in. 157 in. 166 in.
Combustion System Proprietary Forced Draft, Step Fired Modulation Hi-Low-Off
Ignition System Electric Spark Ignited, Interrupted Gas Pilot
Power Supply 208, 230, 460, or 575V, 3 PHASE, 60 HZ
Max. Electrical Consumption 13.35 KVA 245 KVA 27.5 KVA 32.3 KVA 35.4 KVA 35.4 KVA
(14.2 for oil) (25.4 for oil) (28.5 for oil) (34.3 for oil) (37.3 for oil) (37.3 for oil)
Fuel Type (*4) Natural Gas or Propane (3-5 PSIG), No. 2 oil
Gas Consumption (*5) 3,920 SCFH 5,880 SCFH 7,850 SCFH 9,810 SCFH 11,780 SCFH 11,670 SCFH
No. 2 oil 28.1 GAL/Hr 42.2 GAL/Hr 56.3 GAL/Hr 68.7 GAL/Hr 84.5 GAL/Hr 82.3 GAL/Hr
Gas Supply Pressure 3-5 PSIG Natural (Gas or Propane)
Main Steam Outlet 2in. 3in. | 3in. | 4in. 4in. 4in.
Safety Valve Outlet (*8) One 2 in. One 2 in. Two 2 2 in. Two 2 '42in
Main Water Inlet 1in. 1in. 1in. 1 Yain. 1 '%in. 1'% in.
Fuel Gas Inlet 2in. 2in. 2in. 2 '2in. 2'4in. 2 'in.
Fuel Oil Inlet ain.
Automatic Surface Blowdown One % in. \ Two %s in.
Manual Blowdown Two Tin. One 1in. and One 1 "4 in.
Chimney Diameter (ID) 14in. 20 in. 20 in. \ 20in. 26 in. \ 20 in.
Flame Detector Ultraviolet Flame Eye Sensor
Pressure Control Adjustable Pressure Transducer and Switch
Liquid Volume Control Electric Conductivity Type
Overheat Protection Low Water Cut Off & Thermocouple
Note: *1  Optional EXH-SGO Series at 250 PSIG MAWP, 225 PSIG maximum operating. “S" - Economizer
*2  Equivalent output calculated from and at 212°F (100°C) feed water at 212°F (100°C) steam. “G" - Natural Gas or Propane Fired
*3  Thermal Efficiencies are based on high heating values of fuels at 68°F (20°C) feed water. =Q" _ #2 Oil Fired
*4 UL and c-UL approved for natural gas, propane, and No. 2 oil. “E" _ Flue Gas Recirculation
*5  Gas consumption based on natural gas with high heating 1004 BTU/SCF. “N" - Low NOX

*6 Low water content option available to meet provincial water volume regulations in Canada.
*7  Low NOx model (EXN300SGOF) available to meet 30ppm NOXx.
*8 Safety valve outlet size may change depending on the pressure setting.
Additional Notes:
1 All Miura steam boilers are fully packaged and test fired at factory.
2 Built to meet and exceed UL & ASME standards in U.S.A; c-UL & B-51 standards in Canada.
3 Flue gas recirculation is optional only with the Economizer

- E View Miura’s
Virtual Start-Up Video

MiURA

Miura Steam is Engineered for Greater Efficiency,
Lower Costs, and Reduced Environmental Impact.

USA: 1-888-309-5574 ¢ Canada: 1-800-666-2182 ¢ www.miuraboiler.com
Worldwide Headquarters ¢ Japan: +81-89-979-7123 « www.miuraz.co.jp
Facilities located in: USA e Canada ¢ Japan ¢ China ¢ Korea ¢ Taiwan




ECM #5
Evaluate condensate system

Savings Calculations
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ECM #5
Evaluate condensate system
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DATA SHEET

Earthwool® 1000° Pipe Insulation
with ECOSE® Technology

DESCRIPTION

Earthwool 1000° Pipe Insulation is a molded, one-piece
insulation made from highly resilient, inorganic glass fibers
bonded with ECOSE Technology.

APPLICATION
= lron, copper, stainless steel, PVC, and CPVC piping
= Hot, cold, concealed and exposed piping systems operating
at temperatures 0° F-1000° F (-18° C to 538° C)
= Additional weather protection is needed for outdoors use

SPECIFICATION COMPLIANCE

u.s.
= ASTM C547; Type |, Type IV
= ASTM C585
= ASTM C1136 (jacket); Type I, I, 111, IV, VII, VIII, X

= NFPA 90A and 90B

= Conformity for fit Marine Equipment IMO 1408

= MIL-DTL-32585; Type 1, Form 4, Facing A and D
= USCG 164.109/4/1

= UL/ULC Classified

= ASTM C795, MIL-I1-24244, NRC Reg. Guide 1.36
(Certification needs to be specified at time of order)

Canada
= CAN/ULC S102
= CGSB 51-GP-9M
= CGSB 51-GP-52M (jacket)
= CAN/CGSB-51.9 (obsolete, replaced by ASTM C547)

TECHNICAL DATA

"‘”ﬂ”li!!!ﬂ!éﬂﬂé!ﬂ'

CONTRACTOR:
JOB:
DATE:

DOING MORE FOR THE WORLD WE LIVE IN.

Knauf Insulation products with ECOSE® Technology are

made using our patented, bio-based binder - a smarter
alternative to the phenol/formaldehyde (PF) binder
traditionally used in fiberglass products. The bio-based
binder holds our product together and gives the product
its unique appearance.

All of our products are formaldehyde-free and made from
sustainable resources, such as recycled glass and sand.
And we're proud to be putting glass bottles back to work
rather than into landfills. Our products are made with a
minimum of 50% recycled glass—totaling an average of
26 million bottles each month.

with ECOSE @

. TECHNOLOGY '

Corrosiveness ASTM C665 Does not accelerate corrosion of steel
Corrosion ASTM C1617 Pass

Maximum Service Temperature ASTM C411 + ASTM C447 1000° F (538° C)

Water Vapor Permeance ASTM E96, Procedure A 0.01 perms or less

Water Vapor Sorption (by weight) ASTM C1104 Less than 5%

Shrinkage ASTM C356 Negligible

Mold Growth ASTM C1338 Pass
(Sﬂ“a'r‘;fgifr::“j'gig::'gg\t/ee:f;;cc; ASTM E84, UL 723, CAN/ULC $102 | UL/ULC Classified FHC 25/50




INDOOR AIR QUALITY = Wall thicknesses from %" to 6" (13 mm to 152 mm) in
= UL Environment single layer for most sizes
= GREENGUARD Certified = With or without a white, factory-applied jacket, ASJ+ (all-

= GREENGUARD Gold Certified
= Validated to be Formaldehyde-Free
= Does not contain polybrominated diphenyl ethers (PBDE)
such as: Penta-BDE, Octa—BDE or Deca-BDE .
= EUCEB Certified .
= |gCC Section 806.6 compliant

service jacket) is composed of aluminum foil, reinforced
with a glass scrim bonded to a kraft paper interleaving with
an outer film layer leaving no paper exposed.

A matching ASJ+ butt strip is supplied for each section
The longitudinal lap of the jacket has the SSL+ self-sealing
lap that creates a strong and lasting bond

Packaging
PRODUCT FORMS AND SIZES

. . = Four carton sizes for easy ordering, inventory tracking
= Produced in 3' (914 mm) sections

and storage
= Reinforced carton handles for strength and easy lifting
= Bar-coded cartons for accurate shipments and tracking

= Foriron pipe ¥2" — 24" (15 mm — 610 mm) nominal pipe
size
= For copper tube %" - 6%" (16 mm — 156 mm)

. L ) ) = Full product range stocked at distributors for fast availability
= All insulation inner and outer diameters comply with

ASTM C585.
THERMAL CONDUCTIVITY | ASTM C335
Mean Temperature k k (SI) oo
75° F (24° C) 0.23 0.033 EE o g0 Eg
Eé 050 / 0.072 EQ‘
100° F (38° C) 0.24 0.035 gt | ig
200° F (93° C) 0.28 0.040 85 .. - s OF
s . sZ
300° F (149° C) 0.34 0.049 Y B L et v B3
400° F (204° C) 0.42 0.061
500° F (260° C) 0.51 0.074 B
600° F (316° C) 0.62 0.089 MEAN TEMPERATURE

ASHRAE 90.1-2016 REQUIREMENTS

MINIMUM PIPE INSULATION THICKNESS

Fluid Operating Insulation Conductivity Nominal Pipe or Tube Size
Temperature Range Conductivit
y Range Mean Temperature T m N e R T
and Usage BTU-in./(hr - &2 - °F) Rating S e C e I =
Heating and Hot Water Systems (Steam, Steam Condensate, Hot-Water Heating and Domestic Water Systems)_ , _
Above 350° F 0.32-0.34 250° F 45" 5" 5" 5" 5"
251-350° F 0.29-0.31 200° F 3" 4" 45" 45" 45"
201-250° F 0.27-0.30 150° F 22" 22" 22" 3" 3"
141-200° F 0.25-0.29 125°F 13" 1%" 2" 2" 2"
105-140° F 0.22-0.28 100° F 1" 1 1" 1" 1%"
Cooling Systems (Chilled Water, Brine, Refrigerant) .
40-60° F 0.21-0.27 75°F " " 1" 1" 1"
Below 40° F 0.20-0.26 50° F " 1 1 1 1%"

a. For insulation outside the stated conductivity range, the minimum thickness (T) shall be determined as follows: T=r{(1+t/r)*-1}, where T=minimum insulation thickness
(in.), r=actual outside radius of pipe (in.), t=insulation thickness listed in this table for applicable fluid temperature and pipe size, K=conductivity of alternate material at mean
rating temperature indicated for the applicable fluid temperature {Btu - in.(h - ft2 - °F)}; and k=the upper value of the conductivity range listed in this table for the applicable
fluid temperature.

b. These thicknesses are based on energy efficiency considerations only.

c. For piping smaller than 1%2" and located in partitions within conditioned spaces, reduction of these thicknesses by 1" shall be permitted (before thickness adjustment
required in footnote a) but not to thicknesses below 1". These thicknesses are based on energy efficiency considerations only. Issues such as water vapor permeability or surface
condensation sometimes require vapor retarders or additional insulation.

d. The table is based on steel pipe. Non-metallic pipes schedule 80 thickness or less shall use the table values. For other non-metallic pipes having thermal resistance greater
than that of steel pipe, reduced insulation thicknesses are permitted if documentation is provided showing that the pipe with the proposed insulation has no more heat transfer
per foot than a steel pipe of the same size with the insulation thickness shown on the table.



PRECAUTIONS
Hot Pipe

May be installed while the system is in operation, at all
temperatures up to 1000° F (538° C).

Knauf Insulation recommends, for insulation thicknesses
greater than 6" (152 mm), the temperature must be
increased from 500° F (260° C) to maximum temperature at
a rate not exceeding 100° F (37.8° C) per hour.

During initial heat-up to operating temperatures above
350° F (177° C), a slight odor and some smoke may be
given off as a portion of the bonding material used in the
insulation begins to undergo a controlled decomposition.
If natural convection is not adequate in confined areas,
forced ventilation should be provided in order to protect
against any harmful fumes and vapors that might

be generated.

Care must also be taken when using sealants, solvents or
flammable adhesive during installation.

A maximum of 6" (152 mm) wall thickness

is recommended.

Cold Pipe

Use a continuous vapor retarder on piping operating below
ambient temperatures.

Seal all joints, surfaces, seams and fittings to

prevent condensation.

On below freezing applications, and in high-abuse areas, the
ASJ+ jacket shall be protected with a PVC vapor retarding
outer jacket. In addition, exposed ends of insulation shall
be sealed with vapor barrier mastic installed per the mastic
manufacturer’s instructions. Vapor seals at butt joints

shall be applied at 12' to 21" intervals; at the Engineer’s
discretion and at each fitting to isolate any water incursion.
On chilled water systems operating in high humidity
conditions, it is recommended that the same guidelines be
followed as listed above for below freezing applications.
Exterior hanger supports are recommended.

Outside Application

Do not expose pipe insulation to weather. It must be
covered with appropriate jacketing, mastic or vapor
retardant coatings.

All exposed surfaces must be protected. Proto® Indoor/
Outdoor PVC Jacketing is recommended. See Knauf
Insulation Guide Specifications for recommended PVC
jacketing application guidelines.

Apply jacketing, mastics or vapor retardant adhesives per
manufacturer’s instructions.

For metallic jackets, factory-applied moisture retarders are
recommended.

ASJ+ SSL+

Keep adhesive and contact surfaces free from dirt and
water. Seal immediately once adhesive is exposed.

Apply when ambient and insulation temperatures are
between 20° F and 130° F (-6.7° C and 54° C).

If stored below 20° F or above 130° F, allow insulation
cartons to stand within recommended temperature range for
24 hours prior to application.

Do not store product below -20° F (-29° C) or above

150° F (66° C).

When using Knauf Insulation’s SSL+ Advanced Closure
System, make sure the longitudinal and circumferential
joints are properly sealed by rubbing the closure firmly with
a squeegee. Use of staples is not recommended.

When using Earthwool® 1000° pipe insulation, the surface
temperature of the ASJ+ facing should not exceed 150° F
(66° C).

Fittings and Hangers

Use Proto 25/50 Rated (ASTM E84) PVC Fitting Covers,
applying PVC fittings per Proto’s Data Sheet.

Fittings should be insulated to same thickness as the
adjoining insulation.

Apply fittings per manufacturer’s instructions.

When required by specification, a hard insert of
sufficient length should be used to avoid compression of
the insulation.

APPLICATION GUIDELINES
Storage

Protect insulation from water damage or other abuse,
welding sparks and open flame.
Cartons are not designed for outside storage.

Preparation

Apply only on clean, dry surfaces
Pipe or vessel should be tested and released before
insulation is applied.

General Guidelines

All sections should be firmly butted.

Seal circumferential joint with a minimum 3" (76 mm) wide
butt strip.

Jackets, coating and adhesives should have a comparable
F.H.C. rating.

ASJ+ may be painted. As with traditional ASJ, Knauf
Insulation does not encourage the painting of ASJ+ because
the application of any paint may change the surface burning
characteristics and will void the UL Classification and Knauf
Insulation Limited Warranty.



Insulation Limited Warranty separating the butt strip from the kraft using the convenient,

=  Where painting is necessary, use common water, oil, easy release kiss cut.
or solvent-based paints. All paints should be tested for = Simply wrap the butt strip, centered around the joint, and
compatibility and adhesion before use. apply firm pressure with a squeegee.

= All piping should have continuous insulation. = Note: After initial Butt Strip adhesive tack, it is critical

= Position longitudinal lap downward to avoid dirt and that the closure is not re-opened and repositioned on the
moisture infiltration. facing. Doing so will weaken the adhesive and diminish

= Do not expose pipe insulation to excessive vibration or bond strength.
physical abuse.

= Faced insulation should not have a facing temperature Recommended Thicknesses (ASHRAE 90.1-2016)
above 150° F (66° C). The minimum thicknesses are based on ASHRAE 90.1-2016

SSL+ Installation Instructions: standards and do not necessarily represent the Economic

= To install SSL+, first remove the kraft release liner to Thickness of Insulation or the thickness required for proper
expose adhesive. condensation control. Rather, they serve as minimum

= Carefully align the jacketing. Starting in the center of the recommendations for commercial applications. For recommended
insulation section, begin initial SSL+ tack using pressure Economic Thickness, install according to Knauf Insulation or
in the direction of the overlap. Again, starting in the center NAIMA 3E Plus programs or as specified.

of the insulation section, with a plastic squeegee begin to
apply firm pressure to the bonded lap area swiping from the FIBERGLASS AND MOLD

center of the insulation section toward each end. Fiberglass insulation will not sustain mold growth. However,
= Note: After initial SSL+ adhesive tack, it is critical that mold can grow on almost any material when it becomes wet
the closure is not re-opened and repositioned on the and contaminated. Carefully inspect any insulation that has
facing. Doing so will delaminate the jacket and adhesive, been exposed to water. If it shows any sign of mold it must be
diminishing the bond strength. discarded. If the material is wet but shows no evidence of mold, it
Butt Strip Installation Instructions: should be dried rapidly and thoroughly. If it shows signs of facing
= To install Butt Strips, remove the kraft release liner by degradation from wetting, it should be replaced.

CERTIFICATIONS

KNAUF INSULATION, INC.
One Knauf Drive

Check with your Knauf Insulation Territory Manager to ensure information is current.

The chemical and physical properties of this product represent average values Shelbyville, IN 46176
determined in accordance with accepted test methods. The data is subject to normal

manufacturing variations. The data is supplied as a technical service and is subject Technical Support
to change without notice. References to numerical flame spread ratings are not intended (317) 398-4434 ext. 8727

to reflect hazards presented by these or any other materials under actual fire conditions. . )
info.us@knaufinsulation.com

This product is covered by one or more U.S. and/or other patents.
See patent www.knaufnorthamerica.com/patents 01-21
© 2021 Knauf Insulation, Inc.

Visit knaufnorthamerica.com to learn more.



mailto:info.us@knaufinsulation.com
http://www.knaufnorthamerica.com/patents
http://knaufnorthamerica.com

ECM #6
Evaluate smaller or select buildings to be disconnected and
decentralized from the central heating plant

Savings Calculations



WERNERSVILLE
ECM 6 - Decentralization

THE EFFICIENCY NETWORK

ECM-6 - Decentralized Option

NORMALIZED DATA
Sum of Sum of
COGEN COGEN

OPERATION OPERATION
(MLB) (KWH)

Sum of Sum of Sum of Sum of
COGEN NG SUPPLIMENTAL BOILER NG PURCHASED
MCF HEAT MLB MCF KWH

Sum of ELECT
STEAM MLB KWH

Sum of

01 4,907 424,938
02 4,128 396,609 - - -
03 3,335 427,226 - - -
04 2,435 448,718 - - -
05 1,728 524,683 - - -
06 1,414 650,624 - - -
07 1,362 815,800 - - -
08 1,396 744,285 - - -
09 1,510 605,441 - - -
10 2,479 443,151 - - -
11 3,244 427,832 - - -
12 4,005 425,350 - - -

Grand Total 31,943 6,334,657 - - -

EXISTING NON-NORMAL 61,646 6,042,606

% OF EXISTING 52% 105%

COMMODITY DATA
COAL 42,851 70% 7.978 148.374
NAT GAS 17,991 29% 6.018 5.297
OIL 804 1% 15.984 1.920
TOTAL/WEIGHTED AVG 61,646 100% 7.510
ELECT 0.074
Annual HDD 4,847 hours
Current design steam load for 3 buildings 8,603 Lbs/hr
Estimated annual steam usage, for 3 buildings 33,359 Mlb/yr
Future design hot water load, al 3 buildings 5,694 MBH
Estimated annual gas usage, for 3 buildings 30,666 MCF/yr
Estimated electric usage, including kitchen 175,200 kWH/yr

PRINTED: 10/11/2021

31,943
REFRESH THE PIVOT TABLE AFTER MAKING INPUT CHANGES

42,591

6,334,657

New central Plant After Decentralization

NG COAL OIL ELECT

MCF TON GAL KWH
EXISTING 25,611 2,179 7,948 6,334,657
PROPOSED 81,907 6,334,657
SAVINGS (56,295) 2,179 7,948 -

Decentralization Option

NG COAL OIL ELECT

MCF TON GAL KWH
EXISTING 25,611 2,179 7,948 6,334,657
PROPOSED 73,257 6,411,122
SAVINGS (47,646) 2,179 7,948 (76,465)

PAGE 1 OF 1



ECM #6
Evaluate smaller or select buildings to be disconnected and
decentralized from the central heating plant
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® HIGH EFFICIENCY
COMMERCIAL BOILERS

g B

CONDENSING BOILER

12 MODELS FROM 750,000 TO
6.0 MILLION BTU/HR

UP TO 96.2% THERMAL EFFICIENCY E

UP TO 25:1 TURNDOWN RATIO —

[SMARTC AL
OPERATING CONTROL

CONXUS

REMOTE CONNECT

NOW AVAILABLE WITH
REALTIME O, FEEDBACK™

RIDE THE

Registered under U.S. Patent #9,746,176

DESIGNED X ENGINEERED Yy ASSEMBLED

USA

¥£ Lochinvar




NO ONE
BRINGS IT ALL ey
TOGETHER

Lochinvar is the industry leader that other leading companies call upon for ENTTANCEDIEEFICIEN EY
the most advanced and efficient water heating products in the world. For that NEW MODELS
reason, Lochinvar is trusted to go beyond the call of duty to find a solution for N:xﬁzgfﬁg'w
every project, no matter the size. You will not find a water heating company 96.2% EFFICIENCY

ON MODELS FROM

that works harder or cares more. O T

That’s why no one brings it all together quite like Lochinvar.

A HISTORY OF

6 MILLION RELEASED

For nearly 80 years, Lochinvar, an American company, has been a leader of
innovation and high-efficiency water heating. Through Lochinvar’s pride in
leadership and commitment to excellence, the company has continually improved
year after year.

Today, Lochinvar touts the broadest line of high-efficiency water heating solutions,
OUTDOOR MODEL

a world-class research & development department, comprehensive service with RELEASED
every sale and industry-leading training through Lochinvar University. NEW COMBUSTION
TECHNOLOGY

96% EFFICIENCY
ON MODELS FROM
2.5-6.0 MILLION BTU

ALWAYS LEADING :

Introduced in 2011, the CREST® was a breakthrough product for Lochinvar. With five sizes ranging from 1.5 to 3.5 million BTU/hr
and boasting a 92% thermal efficiency the CREST led the way for Lochinvar in the commercial condensing boiler industry.

A unique combustion system featuring 2 fans, 2 gas valves, and a dual chamber burner allowed the CREST to maximize turndown
unlike any other product. The Wave fire tube, designed and engineered at Lochinvar, delivered robust heat transfer and set itself
apart from the competition.

In 2015, the product line was enhanced by expanding the product offering down to 750,000 BTU/hr and up to 5 million BTU/hr.
Along with that a new combustion system was introduced that allowed greater flexibility and more robust operation. In 2016, the
6 million BTU/hr input model was introduced making this product line broader in its capability.

Now the entire model line features a more streamline combustion system along with a greater thermal efficiency of up to 96.2%.
Combined with the standard offering of CON-X-US® the CREST brings the best tools together in one product. Complete control from
anywhere, installation flexibility, high turndown, and excellent serviceability are what set the CREST above the rest.



CONDENSING BOILER
RIDE THE LOCHINVAR WAVE™

With the exclusive wave fire-tube design,
advancements in Lochinvar combustion
technology and the SMART TOUCH™ control
with CON-X-US, CREST changed how the
industry thinks about fire-tube boilers. Now
you have the opportunity to use all of these
features in sizes ranging from 750,000 to

6.0 million BTU/hr and delivering up to 96.2%
thermal efficiency.

R e

HEAT ENERGY AND COMBUSTION
PRODUCTS FLOW DOWNWARD INTO
FIRE TUBES FROM THE BURNER

ENGINEERED HEAT
EXCHANGER FOR OPTIMUM
HEAT TRANSFER

A !., "
N

HEATED WATER FLOWS UP AND out
WITH MINIMAL PRESSURE DROP

L

vy

/

*NON-METALM,
3

VENTING FLEXIBIL Ty

FLUE OUTLET AND CONDENSATE
DRAIN ATTHE BOTTOM

* 5.0 - 6.0 Stainless Steel Vent Only

'
ﬁzﬁ;x' 1

O
LOW NOx
_ O ernhed



THE CREST

CREST boilers are equipped with a top-mounted micro-metal fiber burner, engineered specifically for fire-tube technology.
The system is designed to ensure smooth, quiet modulating combustion with up to 25:1 turndown. A FBN-2001 fires at
its maximum 1,999,999 Btu/hr rate when the heat load is highest, and then gradually turns down to as low as 4% (80,000
Btu/hr) as load decreases. A modulating system runs smoothly and efficiently, without frequent on/off cycling. When
the system is zoned, CREST’s high turndown works to match the actual system demand. In return, CREST reduces the
customer’s fuel bill and provides better comfort by load-matching the heat loss of the system.

REDUCE INSTALLATION COST

CREST can operate over a wide range of flow rates with very low pressure drop. This permits installation of a full flow
(variable primary) system. Installation is streamlined, without the time and materials cost of primary/secondary piping,
and pumps needed to maintain flow in a water-tube boiler. Variable flow also makes CREST more flexible at handling
frequent fluctuations in the system flow rate.

HIGH EFFICIENCY

CREST operates reliably with supply gas pressure as low as 4 inches water column. Negative Regulation technology draws
gas into a pre-mix combustion system, instead of relying on utility pressure through the gas valve. Operation is steady in
low gas pressure systems or when peak gas supply demand occurs. Plus, Neg/Reg fan control fine-tunes the fuel/air ratio
entering the burner, providing an even, cleaner-burning flame, achieving high combustion efficiency.

PEACE OF MIND,

Cascade redundancy provides peace of
mind because it helps ensure that a CREST

boiler system will always deliver reliable
performance with no downtime. If the lead
boiler is turned off for maintenance, cascade

redundancy automatically shifts the lead role
to the second sequenced boiler. Up to eight
CREST boilers can be sequenced using a 2-wire
daisy-chain connection. Cascade sequencing
can be programmed for lead-lag or efficiency
optimized operation.

®

/
S

With lead-lag operation, one lead boiler modulates to capacity on demand. As load increases, the system then
cascades to additional lag boilers in sequence. The first-on role shifts daily, distributing equal runtimes to each unit.

In an efficiency optimized system (see illustration above), all boilers fire and modulate simultaneously at the same
Btu/hr input rates, maximizing thermal efficiency.



CREST features the next generation of Lochinvar’s all-in-
one SMART TOUCH™ operating control with the integration of
the CON-X-US advanced technology. SMART TOUCH with
CON-X-US provides outstanding functionality, and can
be integrated directly into
a Building Automation
System via Modbus and
BACnet MSTP as standard
equipment.

A 8" touch screen along
with an updated user
interface allows users to
quickly see what their
unit is doing. On screen
graphs can help diagnose
issues in the field. A
new screen saver mode
identifies the status of
the boiler. Dark green indicates running mode, olive green is blocking
mode and red is lockout mode. This is another way Lochinvar is leading
the charge with boiler controls.

INTRODUCING BOILER PLANT
CONTROL,

And now, the CON-X-US mobile communication platform allows the
SMART TOUCH to go where no other boiler has gone before.
CON-X-US provides the ability to monitor and manage multiple
CREST boiler plants without ever stepping into the mechanical
rooms. CON-X-US will send alerts via text or email notifying of
changes in system status, and anytime, from anywhere, a user
can check system status and re-program boiler functions. Once
downloaded, the free CON-X-US mobile application allows for
remote access to all SMART TOUCH functions using any internet-
capable device.

| CONDENS/NG BOILER
Toe

+ DO REGULAR CON-X-US CHECKS FOR ALL YOUR

CREST CUSTOMERS, AND LET THEM KNOW YOU’RE
MONITORING THEIR BOILER’S PERFORMANCE.

- ADJUST SETPOINTS, DOMESTIC HOT WATER,

RESET CURVES, PUMP DELAYS AND MORE, USING
THE CON-X-US INTERACTIVE DISPLAY.

+ STATUS ALERTS VIA TEXT OR E-MAIL LET YOU

KNOW WHEN A CREST BOILER NEEDS ATTENTION.

CONXUS

REMOTE CONNECT



SUPERIOR FIRE-TUBE
HEAT EXCHANGER

The CREST boiler takes fire-tube technology to a new level. The patented Wave configuration
creates turbulence as flue gas products flow down the tube, scrubbing the energy from the flue
products. The Wave design also enhances the life of the heat exchanger by allowing the tubes to
flex, so they operate stress free with none of the adverse effects suffered by traditional fire-tube
boilers.

Each fire tube is welded into the heat exchanger and surrounded by water, and the heat transfer
process is enhanced by the water’s counterflow. As water flows up inside the vessel, super-
heated flue products flow down the fire tube. With one pass, heat is effectively captured,
reaching condensing temperatures. At the top of the vessel, the combustion chamber is also
water-backed for additional heat transfer.

CREST BOILER

100%

99% FIRING RATES

98% = Efficiency @ 5%
Efficiency @ 50%

— Efficiency @ 100%

97%
96%
95%
94%
93%
92%
91%
90%
89%
88%
87%
86%
85%

EFFICIENCY%

60 70 80 90 100 110 120 130 140 150 160
WATER RETURN TEMPERATURE @ 20°F RISE

170




FLEXIBLE VENTING

CREST offers 6 venting options, and permits direct-vent air intake and exhaust runs up to 100 equivalent feet, using PVC, CPVC,
polypropylene or stainless steel pipe.** Plus, multiple units can be common-vented to reduce time and materials cost.

Room Air Vertical Room Air Sidewall Direct-Vent Common-Vent* Direct-Vent Vertical Vertical w/Sidewall Air

*Contact Lochinvar for information on common venting of CREST boilers.
** Available for models FB 0751-4001. Stainless steel pipe only for models FB 5001-6001.

SMART TOUCH FUNCTIONS AND FEATURES

SMART TOUCH FEATURES CODES & REGISTRATIONS

»CON-X-US Remote Connect T SR ANSI 721.13/CSA Certified

»SMART TOUCH Touchscreen Operating Control JHigh-Voltage lerminal >trip ASME Certified, “H” Stamp / National Board

sFull-Color 8" Touchscreen LCD Display » 120V/1PH/60Hz (FB 0751-2001) California Code Compliantp /

»Built-in Cascading Sequencer for up to 8 Boilers » 208V/3PH/60Hz (FB 2501-3501) CSD1 / Factory Mutual / GE Gap Compliant
Built-in Redundancy )ASOV/BPH/(’OHZ (FB {*001'6001) Canadian Registration Number (CRN)
Cascade Multiple Sized Boilers »Low-Voltage Terminal Strip South Coast Air Quality Management District
Lead/Lag Cascade 24 VAC Auxiliary Device Relay Qualified (FB 0751-2001)

Efficiency Optimized Cascade Aucxiliary Provmg Switch Contacts AHRI Certified
sFront-End Loading Capability with Copper-Fin II° Alarm on Any Failure Contacts
and Power-Fin’ Boilers Runtime Contacts STANDARD FEATURES
»Building Management System Integration DHW Thermostat Contacts Proof of Closure Valve (6001)
with 0-10 VDC Input Unit Enable/Disable Contacts Modulating Burner with up to 25:1 Turndown

»BACnet MSTP Communications System Sensor Contacts Direct-Spark Ignition

»Outdoor Reset Control with Outdoor Air Sensor DHW Tank Sensor Contacts Low NOx Operation

sPassword Security Outdoor Air Sensor Contacts SealadlGombustion

sDomestic Hot Water Prioritization Cascade Contacts Air Inlet Filter
DHW tank piped with priority in the boiler 0-10 VDC BMS External Control Contact Low Gas Pressure Operation

loop 0-10 VDC Variable Speed Boiler Pump Vertical and Horizontal Direct Venting
DHW tank piped as a zone in the system Control Contact > Direct Vent up to 100 Feet
with the pumps controlled by the Smart > PVC, CPVC, Polypropylene or AL29-4C
System OPTIONAL EQUIPMENT B 07s14000) )
DHW Modulation Limiting Alarm Bell > AL29-4C (FB 0751-6001)
Separately Adjustable SH/DHW Switching BMS Gateway - BACnet IP or LonWorks ASME “H” Stamped Heat Exchanger
Times Wireless Outdoor Temperature Sensor 316L Stainless Steel Fire Tubes

sLow Water Flow Safety Control & Indication Condensate Neutralization Kit 160 psi Working Pressure

sInlet & Outlet Temperature Readout Common Vent Damper Kits On/Off Switch

sFreeze Protection Motorized Isolation Valve Adjustable High Limit with Manual Reset

»Service Reminder Variable Speed Boiler Pump Low Water Cutoff with Manual Reset & Test

»Time Clock Electrical Transformer Options (Shipped Loose): High & Low Gas Pressure Switches w/Manual Reset

»Data Logging FB 0751-2001 Low Air Pressure Switches
Hours Running, Space Heating > 208V/3PH/60Hz -> 120V/1PH/60Hz Condensate Trap w/Blocked Drain Switch
Hours Running, Domestic Hot Water > 480V/3PH/60Hz > 120V/1PH/60Hz Drain Valve
Hours Running, Modulation Rate > 600V/3PH/60Hz -> 120V/1PH/60Hz System Sensor
Ignition Attempts FB 2501-3501 Outdoor Air Sensor
Last 10 Lockouts > 480V/3PH/60Hz -> 208V/3PH/60Hz Inlet & Outlet Temperature Sensors

sProgrammable System Efficiency Optimizers > 600V/3PH/60Hz - 208V/3PH/60Hz High-Voltage Terminal Strip
Night Setback FB 4001-6001 Low-Voltage Terminal Strip
Anti-Cycling >208V/3PH/60Hz -> 480V/3PH/60Hz Downstream Gas Test Cocks
Outdoor Air Reset Curve > 600V/3PH/60Hz - 480V/3PH/60Hz 50 psi ASME Relief Valve
Ramp Delay RealTime 0, Feedback Temperature & Pressure Gauge
Boost Temperature & Time Modbus Communication Zero Clearances to Combustible Materials
Modulation Factor Control High Altitude Models Available

»Three Pump Control 10-Year Limited Warranty (See Warranty for Details)
System Pump 1-Year Warranty on Parts (See Warranty for Details)

*Lochinvar should be consulted before selecting a boiler for installations

Boiler Pump
Domestic Hot Water Pump

having unusual piping and pickup requirements, such as intermittent
system operation, extensive piping systems, etc. *The ratings have been
determined under the provisions governing forced draft burners.

Lochinvar.com



CREST BOILER DIMENSIONS AND SPECIFICATIONS
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For technical information call 800-722-2101. Lochinvar LLC reserves the right to make product changes or improvements without prior notice.
Dimensions are approximate and should not be used for construction purposes.

CREST HEATING BOILER \Giddi:: DIMENSIONS AND SPECIFICATIONS
Model Input MBH Thermal Gross Output  Net AHRI
Number i MBH Rating MBH Turndown A
FB*0751 50 750 96.2% 2 628 151 78" 30" 551/2"  51-5/8" 66-1/8"  11-1/8" 11-3/8"  11-1/4"
FB*1001 50 999 96.2% 961 836 20:1 78" 30 56-1/2"  57-5/8" 66-1/8"  11-1/8" 11-3/8"  11-1/4"
FB*1251 62.5 1,250 96.2% 1,203 1,046 20:1 78" 30" 56-1/2"  51-3/4" 66-1/8"  11-1/8" 1138  11-1/4"
FB*1501 60 1,500 96.2% 1,443 1,255 251 78" 30" 67-3/4" 68" 65-3/8" 12-3/8" 1138  11-1/4"
FB*1751 70 1,750 96.2% 1,684 1,464 251 78" 30" 66-1/4" 68" 65-3/8"  12-3/8" 11-3/8"  11-1/4"
FB*2001 80 1,999 96.2% 1,923 1,672 251 78" 30" 66-1/2" 68" 65-3/8"  12-3/8" 11-3/8"  11-1/4"
FB*2501 125 2,500 96% 2,400 2,087 20:1 77-3/4" 35" 83-3/4"  83-3/4" 63-3/4"  131/7" 1-1/4"  10-1/2"
FB*3001 150 3,000 96% 2,883 2,507 201 71-3/4" 35" 83-3/4"  83-3/4" 63-3/4"  131/7" 1n-1/4" 101/
FB*3501 175 3,500 96% 3,364 2925 20:1 77-3/4" 47 91-1/2" 86-3/4" 631/2"  13-1/4" 11-1/2" 10-3/4"
FB*4001 3333 3999 96% 3,843 3342 121 17-3/4" 451/2" 1031/2" 99" 631/2"  13-3/4" 1-1/2" 10-3/4"
FB*5001 499.9 4999 96% 4804 4171 10:1 17-3/4" 46-1/2" 102-1/4"  99-1/7" 63-1/2" 15" 111/ 10-3/4"
FB*6001 600 6,000 96% 5,766 5014 10:1 771-3/4" 50" 102:3/4"  99-3/4" 63-1/4"  14-3/4" 111/ 10-3/4"
. q Ship.
Model a Air Vent Oper. Weight .
Number n. Inlet Size st
(lbs.)
B 0751 1 51" -3/4" 6-3/4" 334" 49 - - , ,
FB*1001 _ 12-1/2" 56" 51" 13" -3/4" 6-3/4" 31/8" 491/ 61/ 1-1/4" 3 6" 6" 1,838 1,596
FB*1251  12-1/2" 58" 51-3/8" 13" -3/4" 6-3/4" 1-5/8" 491/ 61/7 1-1/2" 3 6" 8" 1,975 1,648
FB*1501  12-1/2" 67-1/4" 62-3/8" 157/8" 9" 26-1/8" 7-1/8"  59-1/4"  51/8" 1-1/2" 4 8" 8" 2,307 1,961
FB*1751  12-1/2" 65-3/4" 61-1/2" 15-7/8" F 7" 7-1/8"  58-3/4"  51/8" 1-1/2" 4 ” i 458 017
FB*2001  12-1/2" 66" 61-1/2" 15-7/8" F 7" 6-3/4"  58-3/4"  51/8" 1-1/2" 4 N [’ 570 087
FB*2501  12-1/4" 83-1/4" 76-1/4" 19-3/4" -1/4" 8-3/4" 32" 71" 1-1/4" 7' 4 i P 3,600 51T
FB*3001  12-1/4" 83-1/4" 76-1/4" 19-3/4" 9-1/4" 28-3/4" 32" 71" 1-1/4" 2 4 10" 10" 3,900 2,881
FB*3501  12-1/2" 91" 82" 20-1/4" 12:3/4" 351/2" -4 T31/4 g3 2 4 10" 10" 4600 3218
FB*4001  12-1/2" 103" 94" 134 13-1/7" 39-1/2" 41/4" 8514 101/ /7 4 12" 12" 5,200 3,805
FB*5001  12-1/2" 101-3/4" 921/ 2" 14" 39-3/4" 30-1/2" 84" 9 21/2" 6" 14" 14" 5,900 4101
FB*6001  12-1/2" 102172 93-1/4" 20" 15-3/4" 431/ 36-1/2"  83-3/4"  91/4 3 6" 14" 14" 6,900 4711

Notes: *Insert “N” for natural gas, “L” for LP gas models and “D” for dual fuel.Indoor installation only. Lochinvar should be consulted before selecting a boiler for
installations having unusual piping and pickup requirements, such as intermittent system operation, extensive piping systems, etc. The ratings have been determined under the provisions governing forced draft burners. The Net
AHRI water ratings shown are based on a piping and pickup allowance of 1.15.

Lochinvar, LLC A
(] ® 300 Maddox Simpson Parkway i \(\; o L
Lebanon, Tennessee 37090 @ €
k P: 615.889.8900 / F: 615.547.1000 -’ ® 07512000

f ¥ in 8@ Lochinvar.com

iPhone and iPod touch are trademarks of Apple Inc., registered in the U.S. and other countries. Android and Google are trademarks of Google Inc.,
registered in the U.S. and other countries. App Storé is a service mark of Apple Inc. Google Play is a service mark of Google Inc.

FBNT-07 (Reprint FBNT-07 10/19) © Lochinvar, LLC - ASB - 1K 6/2020 - Printed in U.S.A.
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KS Series Pumps
Vertical In-Line
Split Coupled
GPM:  40-12,000
Head (ft): 10 - 380
HP: 3/4-600
SIZES:  1-1/2"— 14"

Designed for optimum perfor-
mance and ease of installation and
maintenance. ldeal for HVAC and
industrial applications.

The split coupler design permits
changing of the seal without dis-
turbing the motor or the piping.

The axial load is hydraulically bal-
anced to increase bearing life, better

KV Series Pumps
Vertical In-Line
Close Coupled
GPM:  40-2,400
Head (ft): 10- 380
HP: 3/4-100
SIZES:  1-1/2"—8"

Designed for optimum performance
and ease of installation and mainte-
nance.

Ideal for HVAC and industrial
applications.

Space saving design that
doesn't require isolation pads.

Closed coupled design pro-
vides improved alignment
and increased seal life.

NOTE: All pumps are also available with 50Hz or 60Hz motors

pump efficiencies, and lower
NPSH requirements.

The recirculating line flushes seal
faces and extends seal life.

Optimum pump efficiency is
achieved by close running
impeller to casing clearances.

The axial load is hydraulically bal-
anced to increase bearing life, better
pump efficiencies, and lower NPSH
requirements.

The recirculating line flushes seal
faces and extends seal life.

Optimum pump efficiency is
achieved by close running impeller
to casing clearances.



ECM #7
Steam sub meter & data collection through BAS

Savings Calculations



ECM 7
Steam sub meter and data collection through BAS

This ECM does not have standalone savings.



ECM #7
Steam sub meter & data collection through BAS

Equipment Information Sheets
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Revolutionizing the Industry Workhorse - Orifice Plate Technology Reliable and

proven technology

3.6% Error
3.4% Error

Reduced cost

Traditional Traditional Rosemount
Orifice 6mm | Orificew/2D 405Cw/ 2D
off Center ' straight-run = Straight-run

0.5% Error
I

— Data is based on a 50cm (2”) Orifice Meter

and maximized

Best Primary Minimized Engineered To performance
Element Offering Installation Errors Your Specifications
Rosemount orifice primary elements Rosemount orifice flowmeters Rosemount orifice flowmeters are
offer best-in-class capabilities. facilitate proper installation to designed and built to meet your
* Best practices for better maximize performance. requirements.
measurement * Alignment mechanisms * Arrives tested, calibrated
* Wide variety of ensure centering and ready-to-install .
innovative solutions ) , A complete line of
Proven Technology * Reduced straight run * Custom designs through
requirements Engineered Assemblies

Orifice technology is
time-tested with -
established standards
for manufacture and
use. Performance

under varied installation
and process conditions is
well documented.

ready-to-install

Reduced Total Cost
of Ownership flowmeters

Rosemount orifice flowmeters
reduce capital and operating
expenditures and are more reliable.

The Most Specified Flow Device

* Integrated components

» Well-known technology lower installed costs

* Industry standards exist * Direct mounting

eliminates maintenance-

* Flexible mounting configurations ensive se [
intensive impulse lines

* Highly repeatable

* Excellent response time
» Noinherent low-flow cut off
* Field calibrated

e Two-wire



The Impact of Swirl

Upstream disturbances
cause swirl in a pipe and
create an irregular flow
profile. These effects

are amplified across a
concentric orifice plate,
allowing the disturbance

to impact measurement.

Unconditionally Better Measurement - Conditioning Orifice Plate Technology

Irregular

Profile

Traditional Orifice

Improved Performance

Rosemount conditioning orifice
plate technology eliminates errors
caused by upstream disturbances.
This unique design achieves 0.5%
accuracy, making it the best
performing primary element
available.

(0¢)
X
"~

C, Uncertainty

0% Yeu
0

Plate Technology

Conditioning Orifice 2D=5—2D
Plate Technology

Less Straight-Run Equals More Savings

The Rosemount conditioning orifice plate requires

44D b /D

Bore Reynolds Number o

160K

Controlling Swirl with
an Innovative Design

The four equally spaced
holes of the Rosemount
conditioning orifice plate
eliminate swirl and irreqular
flow profiles. This resultsin
amore stable and accurate
measurement.

less straight-run, significantly reducing material, labor
and procurement costs. Engineering time is reduced
since the flowmeter can be installed virtually anywhere.

Reduce pipe

straight-run and

increase savings

Improve flow

accuracy with the

innovative design

Two pipe diameters

from an upstream

flow disturbance




Best Practices for Better Measurement - Improved Orifice Installation Economical

and simple installation

Low Installed Cost

Unique Rosemount orifice flowmeters offer significant installation savings.
Specification, ordering, and installation occur as one seamless process. This
reduces risk and ensures faster delivery for an efficient start-up. Direct-mount

M Labor M Procurement [ Design/Engineering M Materials

100% —
flowmeters reduce
80% —
o total installed costs
i i i 7z = Integrated 3-valve
Slmpllﬁed Installation ‘A ;5 "_'_'{ manifold for direct- 40% —
Rosemount compact Installs mounting of the
ifi hnol ° between ~ / transmitter
orifice technology standard P 0%
combines the manifold, flanges
connection hardware T e
and the orifice primary 0% ,

. . Traditional Installation Conditioning Compact Orifice
elementin asingle,

- ), &
reliable package. @ o : \ *Based on 2” (50mm) line size; does not include transmitter cost . tal
Y environmenta
Integral

centering ring

compliance

Reduced Fugitive Emissions

The direct-mount capabilities of the Rosemount offering results in a reliable,
worry-free installation. Impulse lines and extra connection hardware are
eliminated, reducing potential leak points by up to 70%.

Precision Installation in Small Lines

The Rosemount integral
orifice design eliminates
installation errors that

are magnified in
small lines.

Groove ensures
proper gasket Self-centering
placement orifice plate



The Complete Solution for Better Measurement — Rosemount DP Flowmeters

Advanced DP Flow Capabilities #=

The ability to optimize your
DP flow application requirements

» Remote display & interface
* User-configurable flow units
* Process alerts

* Low flow cut-off

Increase reliability
Enhanced Flow Measurement Over a Wide Turndown

and performance

12% - —— TOX IMPROVEMENT * Ultra for Flow Display and interface can be mounted remotely
- | Typical Flowmeter 10% performance at-grade level for safe and easy access th dented
2 ] 3051 Ultra for Flow 1% « 10-yr stability with unprecedente
[WN]
= Application: * 12-yr warranty
c
S Waterin 4” (100 mm) flow measurement
& pipe with std orifice
e 0-550 gal/min (125m3/hr),
= L e capabilities
145 psi+72.5 psi (10 bar+ 5 bar)
':‘!\¥ [ ]

0%IIIIIIIIIIIIIIIII|—|

10:1 Flow Turndown 1:1 . . . .

100:1 DP Turndown 11 Advanced Diagnostic Functionality Improve your

P The Rosemount 3051S ASP™ Diagnostics Suite
for HART® protocol provides new process bottom line by

insight that helps prevent abnormal
situations through Statistical
Process Monitoring, Variable
Logging with Time
Stamp, and Advanced components with a
Process Alerts.

replacing individual

Smart Wireless DP Flow Solutions single flowmeter

Rosemount 3051S DP Flowmeters
are part of Emerson’s Smart Wireless
solutions. Smart Wireless extends
the benefits of the
PlantWeb® architecture
to assets that were
previously physically
inaccessible or too
costly to reach.

Standard Deviation ®

P, VN / \ Y £
Mean Event Occurs Event Detected
/

T T T
14:21:13 14:23:43 \ 14:26:13

Increase process

Pla efficiency with

PlantWeb digital

architecture




Rosemount MultiVariable Flowmeter Capabilities

Ten Devices. One Flowmeter.

Advanced electronics integrated with orifice technology create a mass
flowmeter with unprecedented capabilities. Rosemount mass flowmeters
integrate the ten individual components required for traditional mass
flow measurement. No longer is a separate flow computer or DCS
calculation required for measuring mass flow.

1. Flow Computer @

2. Primary Element Q
3. Thermowell .

4. Temperature Sensor

5. Temperature Transmitter
6. Sensor Wiring

7. Pressure Transmitter
8. DP Transmitter

9. Manifold

10. Connection Hardware

Proven Mass Flow Measurement

All gas and steam flows have pressure and temperature variations that
significantly reduce flow accuracy. Rosemount Multivariable Orifice

Flowmeters with real-time compensation virtually eliminate this impact.
Pressure and Temperature Variation Impact
On Flowmeter Performance and Cost

4% =

34% $50,236
Impact / Yr

3% =

2% = $25,118
Impact / Yr

1% =

Flow Accuracy Impact (% error)

0% =

Uncompensated =~ Uncompensated Orifice Mass
Turbine Meter Orifice Meter Flowmeter

* Pressure variations due to flow through 100ft (30m) of 4" (100mm) pipe with 4 elbows
**§2/1000 SCF (7011000 SCM) N, at 50psi (3 bar), 68°F (20°C), 1500 SCFM (43 Sm/min) max flow

* Real-time fully compensated
mass flow in a single,
integrated flowmeter package

* Improves accuracy and
performance by up to
90% compared to an
uncompensated flowmeter

* Arrives fully assembled,
leak-tested, and ready-to-
install

Multiple variables in
one device reduce
process penetrations,
inventory, and
installation costs
[

Reduce process
variability and
increase profitability
in a single flowmeter
[

Accurate
measurement with
unmatched operating

performance

including dynamically

compensated mass

flow




Innovative Elements in a Comprehensive Offering

Orifice Plates

Rosemount orifice

plates are manufactured
to meet AGA, ASME,

ISO and DIN standards. A
revolutionary conditioninc
orifice plate eliminates the
need for long straight-
runs while providing
unprecedented
performance.

Flange Unions & Me

Rosemount flange
unions and meter runs
meet the most stringent
requirements with
careful attention given
to tap location, pipe wal
smoothness and flange
facings. Each assembly
comes complete with
all required installation
hardware.

Compact Orifice Plates

The Rosemount 405 compact orifice primary element
is a fully integrated solution that eliminates

the need for fittings, tubing, valves, adapters,
manifolds and mounting brackets. The unique
wafer body allows installation in any flange
location. A conditioning orifice plate option
delivers unprecedented performance in

limited straight-run applications.

Integral Orifice Assemblies

The Rosemount 1195 integral orifice provides

/ ‘ high accuracy in small line size applications.

A self-centering plate, precision honed pipe
section and tight machining tolerances ensure
higherinstalled

performance.

) Numerous process
" connections are
J' available for

flexible installation.

Engineered Assemblies

Rosemount Engineered Assemblies
deliver complete measurement
solutions. Each assembly is factory
configured, leak-tested and
ready-to-install.
Engineered
Assemblies are
easily customized

\‘\‘\ to meet the
|.‘J‘ needs of virtually
' “-5 any application.

Easy procurement

with a wide range

of styles and ratings

Faster start — ups

through easy

installations

Increase process

efficiency with best-

in-class products




To see just how Emerson can provide multiple

savings in flow measurement applications with
best-in-class Rosemount orifice solutions, visit

us online at www.rosemount.com/DPflow

Install in Short Straight Pipe Run

* The conditioning orifice requires less
straight pipe run, significantly
reducing engineering, procurement
and installation costs

* Delivers superior performance with
only two pipe diameters from an
upstream flow disturbance

Improve Utility Measurements
in Small Lines

 The 1195 self-centering plate design
and precision honed pipe sections
maximize installed performance

» Numerous process connections
available for installation flexibility

Improve Oil and Gas
Wellhead Measurement

* The conditioning orifice provides
superior flow measurement directly
after the wellhead

* Reduced short straight pipe results in
substantial installation savings

* Proven accurate and reliable in wet
gas applications

Complete Capabilities. Better Measurement.

The Emerson logo is a trademark and servicemark of Emerson Electric Co. Rosemount and the Rosemount logotype are registered trademarks of Rosemount Inc. PlantWeb is a registered trademark of the Emerson Process
Management group of companies. All other marks are the property of their respective owners.©2007 Rosemount Inc. All rights reserved. The contents of this publication are presented for information purposes only, and
while effort has been made to ensure theiraccuracy, they are not to be construed as warranties or guarantees, expressed orimplied, regarding the products or services described herein or their use or applicability. All sales are
governed by our terms and conditions, which are available on request. We reserve the right to modify orimprove the designs or specifications of our products at any time without notice.

Standard Terms and Conditions of Sale can be found at www.rosemount.com\terms_of_sale
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ECM #8
Replace, repair or recondition steam traps

Savings Calculations



APPENDIX
H20 Applied Technologies LLC

Project: Wernersville State Hospital
CM: Steam Trap Retrofit
Survey Type Preliminary
Eng: Jsc
CM SAVINGS SUMMARY
Utility Baseline Post-Retrofit $ Savings
TRAP SURVEY: TOTAL TRAP SUMMARY TESTED TRAP SUMMARY
Condition Code Quantity Percent Quantity | Percent
Abandoned in pl A 45 7%
Vacuum Breaker| VB 0 0%
Not Tested NT 603 93%
Plugged (Failed P 0 0% 0 5%
Blowing (Failed B 0 0% 0 5%
Leaking L 0 0% 0 10%
Working Properl] OK 0 0% 0 80%
Totals: 648 100% 0 100%
percent tested: 0%
Totals: 648
q T Room 8 et 1
Line ltem Qty. Tag # Building Floor Description Location Application
1 1 10001 Bldg 34 Basement Mec 01 left corner heat | Heat Exchanger
2 1 10002 Bldg 34 Basement Mec 01 left corner heat f| Heat Exchanger
3 1 10003 Bldg 34 Basement Mec 01 above Cond Pun Drip Leg
4 1 10004 Bldg 34 Basement Mec 01 above Cond Pun Drip Leg
5 1 10005 Bldg 34 Basement Mec 01 Dom. Hot water | Heat Exchanger
6 1 10006 Bldg 34 Basement Mec 01 Dom. Hot water Drip Leg
1 10007 Bldg 34 Heat Exchanger
7 Basement Mec 01 Dom. Hot water
8 ! 10008 Bldg 34 Basement Mec 01 Dom. Hot water Drip Leg
9 1 10009 Bldg 34 Kitchen Tray washer Heat Exchanger
10 1 10010 Bldg 34 Kitchen Steam Kettle Steam Kettle
11 1 10011 Bldg 34 Kitchen Steam Kettle Steam Kettle
12 1 10012 Bldg 34 Kitchen Steam Kettle Steam Kettle
13 1 10013 Bldg 34 Freezer # 2 [ Unit Heater
14 1 10014 Bldg 34 Kitchen Dock Area Fat Freezer #2 Unit Heater
Tunnel #34 to .
15 ! 10015 #10 Midway Of Tunnel Drip Leg
Tunnel #34 to .
16 ! 10016 #10 Midway Of Tunnel Drip Leg
Tunnel #34 to .
17 ! 10017 #35 Midway @ cond. Pumps Drip Leg

H20 Applied Technologies LLC - Proprietary and Confidential

21-10-1_WSH_Steam Trap Savings and LxL.xlsx CM-Steam Traps



APPENDIX

Reviewed by:
Date:
Design Data & Assumptions
Modified Napier Formula
q =24.24 * D*2 * (P+14.7) * Orifice Factor * App Factor * Loss Factor
q =Heat Loss (Ib/hr)
D = Orifice Diameter (inches)
P = Gauge Pressure (psig)
Orifice Factor = 0.66 Orifice diameter reduction due to presence of condensate.
Application Factor = (See note) 1.0 for Drip Legs, 0.92 for Coils or other Valved Applications.
Loss Factor = (See table below)
Condition Code Loss Factor
Abandoned A 0
Vacuum breaker/Vent VB 0
Not Tested NT 0.08 Include NT in savings? yes
F‘Iugged (Failed Closed) P 0
Blowing (Failed Open) B 1
Leaking L 0.3
Working Properly OK 0
1,300 | 1,858 | 5,889 - 5,889
Baseline Losses IR Annual Savings
Losses
"'"e(:;iegs)s“" TestResult | Manufacturer Model Type Pipe Size Orifice Size ::tl:\:: F';zts:r B:f'f'e (brhr) | (Mbtuhr) | (MMbturyr)|  (MMbturyr) (MMBtulyr) Comments
17 NT 77HL FT 2 0.500 4279 0.08] 70% 9 13.33 57 - 57
17 NT 1E TS 1/2 0.200 4279 0.08] 70% 1 2.13 9 - 9
50 NT 152 TD 3/4 0.340 8760 0.08] 70% 10 13.68 120 - 120
50 NT B1H-75 1B 1/2 0.157 8760 0.08] 70% 2 2.92 26 - 26
17 NT 77HL FT 11/2 0.500 8760 0.08] 70% 9 13.33 117 - 117
17 NT 55AL FT 3/4 0.218 8760 0.08] 70% 2 2.75 24 - 24
trap is not in
17 A 151 TD 3/4 0.340 0 - | 70% - - - - - | useltank#2is
storage tank
17 NT U”quvg“ BP FT 112 0.200 8760 0.08| 70% 2 232 20 - 20
17 NT 1031-20 TS 3/4 0.188 8760 0.08] 70% 1 1.88 17 - 17
50 NT B1 TS 1/2 0.200 1460 0.08] 70% 3 4.35 6 - [
50 NT B1 TS 1/2 0.200 1460 0.08] 70% 3 4.35 6 - 6
50 NT 30 TS 1/2 0.200 1460 0.08] 70% 3 4.35 6 - 6
17 NT FT-15 FT 3/4 0.218 1279 0.08] 70% 2 2.53 3 - 3
17 NT FT-15 FT 3/4 0.218 1279 0.08] 70% 2 2.53 3 - 3
50 NT 60 TS 12 0.130 8760 0.08| 70% 1 2.00 18 - 18
50 NT 60 TS 12 0.130 8760 0.08| 70% 1 2.00 18 - 18
50 NT 151 TD 12 0.340 8760 0.08| 70% 10 13.68 120 - 120

H20 Applied Technologies LLC - Proprietary and Confidential 21-10-1_WSH_Steam Trap Savings and LxL.xlsx CM-Steam Traps
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Float & Thermostatic Steam Traps
Series 2000 (VAC-125 PSIG)

Product Features

e High quality premium grade components

e Variety of piping combinations “H-Pattern” design
e Responds quickly to changes in condensate load

e Condensate discharge temperature closely follows
the saturated steam curve

e Function not impaired by high back pressure
e Energy efficient

e Simple on-line repair
o Meets MIL Spec WWT-696 Sizes 3/4” to 2” NPT

Description

Barnes & Jones Series 2000 Float & Thermostatic steam traps are designed for all types of applications including steam heating,
steam process equipment and industrial steam distribution. Typical applications include unit heaters, steam coils water heaters,
low-pressure steam mains and risers, steam kettles and high-pressure steam mains and risers.

Float & Thermostatic steam traps are specially well suited for chillers, steam coils, air handling equipment, humidification, high
pressure drip traps and more. Please consult the factory for assistance with steam trap selection.

Operation

The opening and closing of the water valve is caused by changes in the condensate level within the body of the steam trap. When
the water level drops, the weight of the float closes the water valve. As condensate enters the steam trap body, the float rises and
opens the valve, allowing condensate to be discharged. The float is designed to provide sufficient buoyancy to overcome the
differential pressure across the valve. The internal float and valve configuration is such that the condensate level is always above
the valve, creating a continuous water seal at the seat.

Construction

Barnes & Jones float and thermostatic steam traps are compact, rugged design with easy access to all interior parts. The body is
cast with two inlet and two outlet pipe connections (H-pattern) that permit multiple piping options for all types of applications. All
working parts are made of stainless steel and are attached to the cover casting. The repair kit consists of a complete, factory as-
sembled head which simply bolts on for ease of repair. No pipe connections need to be broken except for 2” models which are
piped through the head.

Ease of Steam Trap Repair

Part Material Description Factory preassembled repair kits are available for most B&J models and
Head/Body Cast Iron, ASTM-A278 Class 30 other manufactures F&T traps. Consult the Factory for selections.
Bolting Steel, Grade 5
Gaskets Non-Asbestos Fiber
Float Stainless Steel
Valve Plug Stainless Steel
Valve Seat Stainless Steel
Air Vent Phosphor Bronze, Calibrated Thermostatic Element
Air Vent Stainless Steel Ball, Seat & Housing

RK2015-3 Repair Kit Head Assembly



Engineering Specifications

CAPACITIES (SHEMA) lbs. hot condensate per hour.

Pressure Differential (PSIG)
Model Size (NPT) Orifice
1/4 1/2 1 2 5 10 15
FT2015-3 3/4” .203” 70 100 140 200 210 220 230
FT2015-4 1” .203” 175 250 350 500 525 550 575
FT2015-5 1-1/4” 3127 425 600 850 1200 1260 1320 1380
FT2015-6 1-1/2” .500” 850 1200 1700 2400 2520 2640 2760
FT2015-8 2” .625” 1775 2500 3550 5000 5250 5500 5750

Note: Low pressure F&T trap capacities are in accordance with standards adopted by the Steam Heating Manufacturer's Association (SHEMA) providing for continuous
elimination of air when the trap is operating at its maximum rating. No safety factor need be applied. Actual capacities significantly greater than SHEMA ratings indicate.

CAPACITIES (Gross) Ibs. hot condensate per hour.

Size » Pressure Differential (PSIG)
Model Orifice
(NPT) 1/a | 1/2 1 2 5 10 15 20 25 30 a0 50 75 100 125
FT2015-3 | 3/4” | 203" | 293 | 387 | 513 | 683 | 824 | 1050 | 1129 - . - . . . 3
FT2015-4 | 17 203" | 293 | 387 | 513 | 683 | 824 | 1050 | 1129 = - - - B . B 3

FT2015-5 | 1-1/4” | .312” 630 808 | 1029 [ 1302 | 1722 | 2100 2457 - - - - - - o -

FT2015-6 | 1-1/2” | .500” 1155 | 1785 | 2520 | 3465 | 5250 | 6930 7980 = = = = = = = =

FT2015-8 2" .625” 2415 | 2940 | 3780 | 4883 | 7245 9450 | 11445 = = = = = = = =

FT2030-3 3/4” .203” 293 387 513 683 824 1050 1129 1271 1365 1439 = = = = =

FT2030-4 17 .203” 293 387 513 683 824 1050 1129 1271 1365 1439 = = = = =

FT2030-5 | 1-1/4” | .312” 394 525 725 956 | 1260 1575 1764 1890 1995 2100 = = = = =

FT2030-6 | 1-1/2" | .437” 1050 | 1365 | 1785 | 2415 | 3570 | 4830 5775 | 6300 6930 7350 = = = = =

FT2030-8 2" .500” 1365 | 1890 | 2625 | 3570 | 5460 | 7140 8190 | 9030 9765 | 10500 = = = = =
FT2075-3 3/4” .203” 168 224 294 383 546 735 835 919 977 1019 1176 1292 1523 = =
FT2075-4 17 .203” 168 224 294 383 546 735 835 919 977 1019 1176 1292 1523 = =

FT2075-5 | 1-1/4” | .339” 410 578 667 | 956 | 1397 [ 1943 2258 | 2520 2730 2940 3203 3465 3990 = =

FT2075-6 | 1-1/2” | .339” 557 761 1008 | 1365 | 1995 [ 2783 3203 3570 3885 4200 4620 4988 5670 = =

FT2075-8 2” 437" 893 1155 | 1575 | 2100 | 3255 | 4358 4987 5460 5775 6090 6720 7140 8085 = =
FT2125-3 3/4” 125”7 105 142 184 242 347 436 525 593 651 698 788 872 1019 1199 1249
FT2125-4 1” 125" 105 142 184 242 347 436 525 593 651 698 788 872 1019 1199 1249

FT2125-5 | 1-1/4” | .250” 294 389 504 662 956 1260 1523 1733 1864 1995 2179 2363 2783 3098 3308

FT2125-6 | 1-1/2” | .250” 420 546 714 | 935 | 1365 [ 1785 2153 | 2415 2625 2835 3150 3360 3990 4410 4725

FT2125-8 2" .338” 578 709 924 [ 1286 | 2048 [ 2730 3150 3413 3675 3990 4410 4850 5775 6405 6930

Note: Capacities based on continuous discharge at steam temperature. Results in accordance with ANSI/ASME PTC 39.1 Condensate Removal Devices for Steam Systems. Significantly greater capacities
are realized when condensate temperature is below saturated steam temperature. Appropriate safety factors should be applied to these ratings. Consult the factory for assistance with trap sizing.

DIMENSIONS (in.)

Size A B C D WT
3/4" & 1" 5 116 5 3518 5% 11 Ibs.
1-1/4” 6° 512 3 538 12 Ibs.
1-1/2" gyt 6 3 8 24 Ibs.
2" 10 478 478 94 22 Ibs.
3/4” -1-1/2” 27

Barnes & Jones 91 Pacella Park Drive  Randolph, MA 02368 Tel: 781-963-8000 Fax: 781-963-3322 Sales@BarnesandJones.com




Barnes Series 8000 Inverted Bucket Traps

Low to High Pressure Steam Service

&lones PMO: VAC-250 PSIG, Sizes 1/2” to 2.5” NPT

FEATURES

e Series 8000 available in sizes from 1/2” to 2.5” NPT.

¢ High strength cast iron construction.

¢ Low maintenance, maximum service & reliability.

¢ Immediate Condensate discharge at Saturated Steam Temp.
o Meets MIL Spec WW T696.

e Pressure Change Kits available for all sizes and pressure

Series 8000 Inverted Bucket Trap

Product Dimensions

Model # 8000 8011 8012 8013 8014 8015 8016
Pipe Size (in.) 1/2, 3/4 1/2, 3/4, 1 1/2, 3/4 1/2, 3/4, 1 1/21’ 3;//1 1 1'1/4‘21-1/2’ 2,2-1/2
Prime Plug 1/4” 1/4” 1/2” 3/14” 17 1-1/2” 2’
“A” Dimension 5” 5” 6-1/2" 7-3/14” 9” 10-1/4” 13"
“B” Dimension 5-7/16” 6-7/8” 9-1/16” 11-3/4” 13-5/8” 16-1/4” 21-5/16”
“C” Dimension 2-3/4” 4-3/4” 5-3/8” 7-1/132” 7-13/16” 8-1/16" 117
Weight # 5 6 15 27.5 44 71 131
Max Op. Pressure 150 250 250 250 250 250 250

Product Materials

Part Materials
Cap & Body ASTM A48 CI 30
Gasket Compressed Non Asbestos
Bolt/Nut Grade 5or7
Valve & Seat Stainless Steel
Retainer, Lever, Bucket Stainless Steel

Barnes & Jones

91 Pacella Park Drive, Randolph, MA 02368 Tel: (781) 963-8000 www.barnesandjones.com IBT0918



SERIES 8000 Bucket Traps: Gross Capacity - Lbs. of Condensate Per Hour

Pressure Differential (PSIG)

Type PMO | Orifice 1/4 1 5 10 15 20 30 60 70 80 100 125 150 180 200 225 250
8000 20 3/16 140 272 460 560 646 698 = = = = = = = = = = =
80 18 48 112 200 310 370 420 510 640 662 690 = = = = = = =
125 7/64 24 56 92 150 200 262 350 490 530 570 642 685 = = = = =
150 #38 20 54 75 112 153 205 275 385 415 442 482 545 572 = = = =
8011 15 1/4 192 452 835 952 1062 = = = = = = = = = = = =
30 3/16 125 310 545 672 775 882 1000 - - - - - - - o - -
70 5/32 72 170 185 440 500 590 715 905 952 = = = = = = = =
125 1/8 56 135 225 342 396 465 568 715 762 805 862 955 - - - - -
200 7/64 32 70 155 232 277 338 410 550 582 615 665 740 812 855 865 - -
250 #38 46 82 100 155 192 243 295 426 455 475 525 576 621 675 702 732 765
8012 15 5/16 350 825 1610 1920 2110 - - - - - - - - - - o o
30 1/4 285 510 950 1385 1640 1800 2060 = = = = = = = = = =
70 316 198 425 790 950 1125 1270 1510 2010 2210 = = = = = = = =
125 5/32 110 310 585 690 820 910 1075 1450 1555 1660 1810 2020 = = = = =
200 1/8 70 180 330 470 510 585 712 990 1060 1111 1240 1375 1525 1580 1605 - -
250 7/64 40 130 250 350 375 425 525 725 790 820 915 1020 1111 1180 1230 1285 1320
8013 15 12 955 1880 2910 3525 3900 = = = = = = = = = = = =
30 3/8 500 1420 2310 2700 3320 3510 4000 - - - - - - - - - -
60 5/16 350 950 1745 2050 2525 2630 3140 4440 = = = = = = = = =
80 9/32 310 740 1355 1600 1960 2220 2450 3500 3825 4025 - - - - - - -
125 1/4 270 620 1110 1320 1620 1820 2020 2850 3120 3320 3610 3925 = = = = =
180 7/32 185 500 880 1170 1350 1600 2100 2510 2700 2830 3070 3200 3520 3725 = = =
250 3/16 140 410 715 960 1125 1310 1710 2060 2220 2320 2510 2610 2715 3030 3225 3410 3500
8014 15 5/8 1410 2920 4825 5810 6500 - - - - - - - 5 o - - -
30 1/2 955 2255 3710 4750 5220 6010 6810 = = = = = = ° ° ° °
60 3/8 510 1775 2960 3560 4000 4725 5420 6810 = = = = = ° ° ° °
80 11/32 390 1570 2525 2925 3225 3525 4440 5775 6000 6420 = = = ° ° ° °
125 5/16 320 1210 2000 2500 2750 3125 3510 4820 5275 5625 6220 6710 - = = = =
180 9/32 275 960 1510 1925 2220 2360 2910 3800 4260 4510 4820 5520 5710 6010 - - -
250 1/4 190 590 1010 1260 1465 1610 2220 3160 3360 3520 3810 4310 4460 4710 5330 5525 5725
8015 15 3/4 2060 4170 7625 9020 10000 = = = = = = = = ° ° ° °
30 9/16 925 2020 5220 6430 7725 8525 9525 - - - - - - = o - -
60 716 600 2220 3810 5025 6025 6625 7625 9525 = = = = = ° ° ° °
100 3/8 510 1720 3030 3620 4525 5220 6110 8525 9225 9725 10240 = = ° ° ° °
125 11/32 390 1510 2625 3200 3910 4525 5440 7505 8060 8525 9610 10910 = = = = =
180 5/16 340 1210 2110 2620 3220 3710 4525 6600 7025 7260 8120 8980 9500 10000 = = =
225 9/32 310 980 1710 2125 2600 2960 3620 5420 5710 5925 6610 7320 7360 7900 9225 9810 =
250 1/4 260 710 1220 1510 1920 2110 2610 3800 4010 4170 4600 5110 5500 6000 6375 6800 7000
8016 15 1-1116 4060 8420 14525 | 17350 | 19200 - - - - - - - - - - - -
25 718 2090 5500 10000 | 12650 | 15620 | 18525 - - - - - - = o o - -
40 3/4 1905 4510 8220 10625 | 12810 | 15000 | 18000 - - - - - - - - - -
60 5/8 1460 3520 6910 8720 10620 | 12110 | 14270 | 19825 - - - - - - - - -
80 9/16 1270 3100 6000 7620 9330 10620 | 12500 | 17325 | 18320 | 19000 - - - - - - -
125 112 1065 2620 5000 6410 7820 8900 10500 | 14525 | 15420 | 16330 | 18100 | 20000 = = = = =
180 7116 915 2220 4190 5550 6660 7525 9520 12420 | 13330 | 14200 | 15800 | 17500 | 18500 | 20000 = = =
250 3/8 590 1820 3410 4525 5410 6110 7500 10125 | 10825 | 11510 | 12830 | 14300 | 15610 | 16900 | 17500 | 18500 | 19000




Product Features
e Stainless Steel Construction ASTM A743

e Stainless Steel Disc AlSI 420

e Compact, Lightweight and resistant to water-hammer.

Thermodynamic Steam Trap
Series TK, 600 PSI (42 Bar)

e Condensate discharge close to saturated steam temperature.

e Applications: Hi-Pressure Drip, Tracing, Press Machines, Steam Dryers.
e Availablein 3/8”,1/2”, 3/4” & 1” NPT

Product Description

Sizes: 3/8”,1/2”,3/4” & 1” NPT
PMO 600 PSIG @ 850° F

TK Series Thermodynamic steam traps combine reliability, simplicity and efficiency of operation. Designed with just one moving
part (stainless steel disc) TD traps discharge with a positive shut-off. Able to withstand superheat, water-hammer, corrosive con-
densate, freezing and vibration the TK series traps are the first choice for efficient and reliable removal of condensate.

CAPACITIES - Condensate (lbs./hr.)

Pressure (PSIG)

Model | Size | 5 10 | 15 20 25 30 40 50 75 100 150 200 250 300 350 | 400 450 500 550 600
TK-11 |3/8” | 186 | 192 | 197 | 202 217 222 233 253 | 314 | 379 504 624 715 805 830 905 | 1075 | 1125 | 1190 | 1295
TK-22 | 1/2” | 316 | 351 | 381 | 416 441 471 516 581 | 712 | 827 | 1022 | 1167 | 1302 | 1443 | 1568 | 1673 | 1778 | 1883 | 1964 | 2064
TK-33 |3/4” | 431 | 476 | 521 | 566 611 651 722 827 | 1022 | 1187 | 1482 | 1712 | 1952 | 2114 | 2269 | 2494 | 2629 | 2785 | 2990 | 3145
TK-44 | 17 | 681 | 741 | 816 | 886 941 | 1002 | 1082 | 1227 | 1502 | 1802 | 2217 | 2628 | 2938 | 3303 | 3603 | 3873 | 4123 | 4354 | 4564 | 4844
NOTE: Maximum back pressure not to exceed 80% of inlet pressure (measured in absolute pressure) or trap may not properly close.

TK Series Thermodynamic Steam Traps

Specifications

e  Sizes: 3/8",1/2", 3/4" & 1" NPT
e  PMO 600 PSIG @ 850° F
®  Min Operating Pressure: 4 PSI

®  Max Back Pressure: 80% of

inlet Pressure.

MATERIALS

Barnes & Jones, 91 Pacella Park Drive, Randolph, MA 02368 (781) 963-8000 Sales@Barnes&Jones.com
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Thermostatic Steam Trap Repair
Elements (Cage Units) for
All Makes & Models VAC - 300 PSIG

Bames

& Jones

Features
, , SPRING — COVER
B Single Source for ALL your thermostatic trap Stainless Steel Stainless Steel
elements

PLUG
Stainless Steel
or Bronze (B) Type

B Available for over 1000 makes and models

B One-piece repair reduces maintenance time and
aggravation®

B No special tools needed for installation

Bl The only repair element available today that is
calibrated to ensure maximum sensitivity in the field

B Every element is factory tested, under live steam, ( ] )
before shipment to you i

B Improves original trap’s performance with a
payback in fuel savings within weeks

B Over 100 years repairing millions of steam traps.

THERMOSTATIC CAGE

P ELEMENT Stainless Steel
Descri ptl on 1)Phosphor-Bronze

The Cage Unit comprises all working parts of and Monel GASKET

Diaphragm (A) Type Non-Asbestos

a thermostatic steam trap including the seat. All parts
are calibrated together under actual steam conditions
at our factory and are locked into the precisely correct
working relationship within a stainless steel housing.
This is a one piece, stand alone, fully removable and
testable “trap withinatrap.” There are no loose parts to
contend with; gone is the potential of overtightening,
undertightening, crossthreading or misaligning as-

2)Bronze Bellows (B) Type Fiber
3)Monel Bellows

(C) & (D) Types SEAT
Brass (A) & (B) Types

Stainless Steel (C) & (D) Types

(A) Type - VAC. - 25 PSIG
(B) Type - VAC. - 65 PSIG

sorted pieces of a “repair kit.” (C) & (D) Types - VAC. - 300PSIG

To the user, calibrated construction of the
Barnes & Jones Cage Unit offers the assurance that every element will operate with the same
performance in the field as it did when tested in our factory. This guarantees a greater sensitivity than
could ever be promised with a bag of uncalibrated parts or any uncalibrated element.

Along with the fuel savings that accrues with the use of a more sensitive element, the Cage Unit
offers increased efficiency with maintenance as well. The one piece construction allows for removal and
testing of the element outside of the original trap body. See the reverse side for testing and maintenance
information.

Adaptations of the Cage Unitare available for more than 1000 makes, styles and sizes of thermostatic
steam traps for low, medium and high pressure service. Even if your system consists of traps from Dunham-
Bush, Hoffman, Nicholson, Sarco, Warren-Webster and any other brands, Barnes & Jones Cage Units can
repair them all! Ask for the “Steam Trap Repair Guide” to find the Cage Unit specifically designed to upgrade
the working parts in your particular steam trap.

DO NOT be fooled by others offering a quick fix with nuggets, capsules, discs or other control
devices for steam traps. Barnes & Jones has been repairing thermostatic and float & thermostatic steam
traps for over 100 years and is the acknowledged leader in product performance and design.

*In some instances a new cover is needed on the first installation only. Consult the B & J Steam Trap Repair Guide.

91 Pacella Park Drive ® Randolph, MA 02368 e Tel. 781-963-8000 e Fax 781-963-3322
www.barnesandjones.com



Steam

Trap Maintenance & Repair

A faulty steam trap can ...
— waste valuable heating $3$$
— destroy condensate pumps

— create hot and cold spots within
a heating zone

TO TEST TRAPS IN SERVICE

NORMALLY OPEN.
g CLOSED WHEN
TESTING

TO RETURN

NORMALLY CLOSED
TO ATMOSPHERE. OPEN TO OBSERVE
OPERATION

Fig.1

— cause production inefficiency of process equipment
— produce destructive water hammer

— lead to undue wear on, and premature failure of,
other traps

COMMON METHODS OF CHECKING TRAPS

Some people feel that a hot return line from the trap indicates a leak.
Others listen to the trap for a tell tale whistle. Neither method is
practical! Atrapwhichiscycling properly willdischarge condensate
near saturated steam temperature. Obviously the return line will be
hot also. In a closed system, piping will carry noises for long
distances. With several traps in the vicinity, listening will not always
pin point the specific trap that is bad.

Observing the discharge from the traps is the only positive way of
checking the operation of a steam trap! Only then can you
determine whetherthetrapis cycling properly and if it closes tightly.
To dothisin a closed system it is necessary to valve the discharge
ateachtrap, sothatthe discharge from thattrap is isolated from the
rest of the system and the condensate can be dumped to
atmosphere from the trap body as in Figure 1. It is of course a more

costly installation but worth the added cost in the long run. Traps installed outdoors generally dis-

charge to atmosphere and their
If it is deemed too costly, or is

operation can be observed readily.
physically impossible, to

valve the discharge of every trap, the only possible way to
check the trap operation (unless you use Barnes & Jones
traps or Cage Units) is to remove each trap, mountiton a
test rack and observe the operation. This can be time
consuming and costly, perhaps as costly as to forget
preventive maintenance and simply wait for each trap to

fail badly before repairing it.

B & J MAKES TRAP CHECKING EASY

The Barnes & Jones thermostatic trap or any make of
thermostatic trap with a B & J Cage Unit interior can,

however, be easily and accurat
replacing the Cage Unit, asin Fig
that have been removed can be

ely tested by periodically
ure 2. Thenthe Cage Units
tested in a representative

trap body that has been attached to a steam line such asin
Fig. 1. This can be done with complete accuracy as each
Cage Unit operates independently and the trap body acts

solely as a housing. This is not

possible to do with other

manufacturers’ elements whose performance is dependent
upon the relationship of a screwed in seat, element, lock
washer and cover with the original trap body. The Cage Unit

combines all these parts in
relationship.

an unalterable working

Fig. 2
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Chiller Replacement - Building 34

EXISTING CONDITIONS

Chiller Data Load % kW/ton CHW Design Data CWP Design Data CT Fan Design Data
Inputs Capacity 185 tons 100% 0.516 Flow 284.0 GPM Flow 640.0 GPM Motor HP 20.0 HP
IPLV 0.686 kW/ton 75% 0.592 Head 97 ft. we. Head 80 ft. wc. Motor Eff. 90.0%
50% 0.667 Pump Eff. 62.0% Pump Eff. 78.0% Motor LF 75.0%
kW/ton Calc Method: Actual 25% 0.743 Motor Eff. 93.0% Motor Eff. 88.5%
Min. Spd. 80%
MCWB CHW Load CHW Load CWST CHWST Chiller Eff. Chiller Chiller CHwWP CHWP CHwWP cwp CcwpP cwp CT Fan CT Fan CT Fan
(F) (%) (tons) (3] (F) (kw/ton) Power Energy Speed Power Energy Speed Power Energy Speed Power Energy
(kw) ()] (%) (kw) (kwh) (%) (kw) (kwh) (%) (kw) (kWh)
97.5 1 76.6 100% 185.0 80 46 0.516 95.5 95 100% 9.0 9 100% 14.0 14 100% 12.4 12
92.5 13 73.1 90% 166.5 80 46 0.546 90.9 1,182 95% 7.8 101 100% 14.0 182 85% 7.9 103
87.5 154 73.1 80% 148.0 80 46 0.576 85.3 13,137 90% 6.7 1,032 100% 14.0 2,152 70% 4.6 705
82.5 429 71.2 70% 129.5 80 46 0.607 78.6 33,700 85% 5.7 2,450 100% 14.0 5,994 55% 2.3 1,000
77.5 552 68.5 60% 111.0 80 46 0.637 70.7 39,018 80% 4.8 2,660 100% 14.0 7,713 40% 1.0 528
72.5 751 66.8 50% 92.5 80 46 0.667 61.7 46,335 80% 4.8 3,619 100% 14.0 10,493 35% 0.7 494
67.5 815 62.9 40% 74.0 80 46 0.697 51.6 42,048 80% 4.8 3,927 100% 14.0 11,388 35% 0.7 536
62.5 858 57.3 30% 55.5 80 46 0.727 40.4 34,638 80% 4.818 4,134 100% 14.0 11,988 35% 0.7 564
57.5 744 53.3 20% 37.0 80 46 0.743 27.5 20,440 80% 4.818 3,585 100% 14.0 10,396 35% 0.7 489
52.5 530 47.6 10% 18.5 80 46 0.743 13.7 7,280 80% 4.818 2,554 100% 14.0 7,405 35% 0.7 349
47.5 379 42.8 0% 0.000 0
42.5 464 38.5 0% 0.000 0
37.5 316 33.6 0% 0.000 0
32.5 153 28.9 0% 0.000 0
27.5 44 24.4 0% 0.000 0
22.5 20 20.1 0% 0.000 0
17.5 8 15.4 0% 0.000 0
12.5 0 10.5 0% 0.000 0
7.5 0 5.5 0% 0.000 0
2.5 0 1.1 0% 0.000 0
Total 6,231 237,874 24,070 67,725 4,780

Month Peak OAT Chiller CHWP cwp CT Fan Total
Demand Demand Demand Demand Demand
(kw) (kW) (kw) (kW) (kw)
Jan 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0
Mar 72.5 61.7 4.8 14.0 0.7 81.1
Apr 87.5 85.3 6.7 14.0 4.6 110.6
May 87.5 85.3 6.7 14.0 4.6 110.6
Jun 92.5 90.9 7.8 14.0 7.9 120.6
Jul 92.5 90.9 7.8 14.0 7.9 120.6
Aug 87.5 85.3 6.7 14.0 4.6 110.6
Sep 92.5 90.9 7.8 14.0 7.9 120.6
Oct 97.5 95.5 9.0 14.0 12.4 130.9
Nov 67.5 51.6 4.8 14.0 0.7 71.0
Dec 0.0 0.0 0.0 0.0 0.0
Total 737.5 62.1 125.8 51.2 976.5




Chiller Replacement - Building 34

PROPOSED CONDITIONS
Chiller Data Load % kW/ton CHW Design Data CWP Design Data CT Fan Design Data
Inputs Capacity 185 tons 100% 0.6863 Flow 284.0 GPM Flow 640.0 GPM Motor HP 20.0 HP
Inputs Changed IPLV 0.402 kW/ton 75% 0.4984 Head 97 ft. wc. Head 80 ft. wc. Motor Eff. 90.0%
50% 0.3497 Pump Eff. 62.0% Pump Eff. 78.0% Motor LF 75.0%
kW/ton Calc Method: Actual 25% 0.3502 Motor Eff. 93.0% Motor Eff. 88.5%
Min. Spd. 80%
MCWB CHW Load CHW Load CWST CHWST  Chiller Eff. Chiller Chiller CHWP CHWP CHWP cwp cwp cwp CT Fan CT Fan CT Fan
(3] (%) (tons) (3] (3] (kW/ton) Power Energy Speed Power Energy Speed Power Energy Speed Power Energy
(kw) (kwh) (%) (kw) (kwh) (%) (kw) (kwh) (%) (kw) (kwh)
97.5 1 76.6 100% 185.0 80 46 0.686 127.0 127 100% 9.0 9 100% 14.0 14 100% 12.4 12
92.5 13 73.1 90% 166.5 80 46 0.611 101.8 1,323 95% 7.8 101 100% 14.0 182 95% 10.8 140
87.5 154 73.1 80% 148.0 80 46 0.536 79.3 12,216 90% 6.7 1,032 100% 14.0 2,152 90% 9.3 1,426
82.5 429 71.2 70% 129.5 80 46 0.469 60.7 26,037 85% 5.7 2,450 100% 14.0 5,994 85% 7.9 3,384
77.5 552 68.5 60% 111.0 80 46 0.409 45.4 25,071 80% 4.8 2,660 100% 14.0 7,713 80% 6.7 3,674
72.5 751 66.8 50% 92.5 80 46 0.350 323 24,293 80% 4.8 3,619 100% 14.0 10,493 75% 5.6 4,173
67.5 815 62.9 40% 74.0 80 46 0.350 25.9 21,102 80% 4.8 3,927 100% 14.0 11,388 65% 3.7 3,033
62.5 858 57.3 30% 55.5 80 46 0.350 19.4 16,671 80% 4.8 4,134 100% 14.0 11,988 55% 2.3 2,000
57.5 744 53.3 20% 37.0 80 46 0.350 13.0 9,640 80% 4.8 3,585 100% 14.0 10,396 45% 13 989
52.5 530 47.6 10% 18.5 80 46 0.350 6.5 3,434 80% 4.8 2,554 100% 14.0 7,405 35% 0.7 349
47.5 379 42.8
42.5 464 38.5
37.5 316 33.6
32.5 153 28.9
27.5 44 24.4
22.5 20 20.1
17.5 8 15.4
12.5 0 10.5
7.5 0 5.5
2.5 0 1.1
Total 6,231 139,914 24,070 67,725 19,180
Saved kWh 97,959 0 0 -14,400
% Savings 41% 0% 0% -301%
Month Peak OAT Chiller CHWP cwp CT Fan Total
Demand Demand Demand Demand Demand
(kW) (kW) (kW) (kW) (kW)
Jan 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0
Mar 72.5 323 4.8 14.0 5.6 56.7
Apr 87.5 79.3 6.7 14.0 9.3 109.3
May 87.5 79.3 6.7 14.0 9.3 109.3
Jun 92.5 101.8 7.8 14.0 10.8 134.3 Utility Savings Summary % Saved
Jul 92.5 101.8 7.8 14.0 10.8 134.3 Existing kW 976.5
Aug 87.5 79.3 6.7 14.0 9.3 109.3 Proposed kW 998.1
Sep 92.5 101.8 7.8 14.0 10.8 134.3 Saved kW -21.6 -2%
Oct 97.5 127.0 9.0 14.0 12.4 162.4
Nov 67.5 25.9 4.8 14.0 3.7 48.4 Existing kWh 334,449
Dec 0.0 0.0 0.0 0.0 0.0 Proposed kWh 250,890
Total 728.4 62.1 125.8 81.8 998.1 Saved kWh 83,560 25%




Chiller Replacement - Building 35

EXISTING CONDITIONS

Chiller Data Load % kW/ton CHW Design Data CWP Design Data CT Fan Design Data
Inputs Capacity 185 tons 100% 0.516 Flow 284.0 GPM Flow 640.0 GPM Motor HP 20.0 HP
IPLV 0.686 kW/ton 75% 0.592 Head 97 ft. wc. Head 80 ft. wc. Motor Eff. 90.0%
50% 0.667 Pump Eff. 62.0% Pump Eff. 78.0% Motor LF 75.0%
kW/ton Calc Method: Actual 25% 0.743 Motor Eff. 93.0% Motor Eff. 88.5%
Min. Spd. 80%
MCWB CHW Load CHW Load CWST CHWST Chiller Eff. Chiller Chiller CHWP CHwWP CHWP Ccwp CwP Ccwp CT Fan CT Fan CT Fan
(3] (%) (tons) (F) (3] (kW/ton) Power Energy Speed Power Energy Speed Power Energy Speed Power Energy
(kw) (kwh) (%) (kw) ()] (%) (kw) (kwh) (%) (kw) (kwh)
97.5 1 76.6 100% 185.0 80 46 0.516 95.5 95 100% 9.0 9 100% 14.0 14 100% 12.4 12
92.5 13 73.1 90% 166.5 80 46 0.546 90.9 1,182 95% 7.8 101 100% 14.0 182 85% 7.9 103
87.5 154 73.1 80% 148.0 80 46 0.576 85.3 13,137 90% 6.7 1,032 100% 14.0 2,152 70% 4.6 705
82.5 429 71.2 70% 129.5 80 46 0.607 78.6 33,700 85% 5.7 2,450 100% 14.0 5,994 55% 2.3 1,000
77.5 552 68.5 60% 111.0 80 46 0.637 70.7 39,018 80% 4.8 2,660 100% 14.0 7,713 40% 1.0 528
72.5 751 66.8 50% 92.5 80 46 0.667 61.7 46,335 80% 4.8 3,619 100% 14.0 10,493 35% 0.7 494
67.5 815 62.9 40% 74.0 80 46 0.697 51.6 42,048 80% 4.8 3,927 100% 14.0 11,388 35% 0.7 536
62.5 858 57.3 30% 55.5 80 46 0.727 40.4 34,638 80% 4.818 4,134 100% 14.0 11,988 35% 0.7 564
57.5 744 53.3 20% 37.0 80 46 0.743 27.5 20,440 80% 4.818 3,585 100% 14.0 10,396 35% 0.7 489
52.5 530 47.6 10% 18.5 80 46 0.743 13.7 7,280 80% 4.818 2,554 100% 14.0 7,405 35% 0.7 349
47.5 379 42.8 0% 0.000 0
42.5 464 38.5 0% 0.000 0
37.5 316 33.6 0% 0.000 0
32.5 153 28.9 0% 0.000 0
27.5 44 24.4 0% 0.000 0
22.5 20 20.1 0% 0.000 0
17.5 8 15.4 0% 0.000 0
12.5 0 10.5 0% 0.000 0
7.5 0 5.5 0% 0.000 0
2.5 0 1.1 0% 0.000 0
Total 6,231 237,874 24,070 67,725 4,780

Month Peak OAT Chiller CHWP cwp CT Fan Total
Demand Demand Demand Demand Demand
(kW) (kw) (kW) (kw) (kW)
Jan 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0
Mar 72.5 61.7 4.8 14.0 0.7 81.1
Apr 87.5 85.3 6.7 14.0 4.6 110.6
May 87.5 85.3 6.7 14.0 4.6 110.6
Jun 92.5 90.9 7.8 14.0 7.9 120.6
Jul 92.5 90.9 7.8 14.0 7.9 120.6
Aug 87.5 85.3 6.7 14.0 4.6 110.6
Sep 92.5 90.9 7.8 14.0 7.9 120.6
Oct 97.5 95.5 9.0 14.0 12.4 130.9
Nov 67.5 51.6 4.8 14.0 0.7 71.0
Dec 0.0 0.0 0.0 0.0 0.0
Total 737.5 62.1 125.8 51.2 976.5




Chiller Replacement - Building 35

PROPOSED CONDITIONS
Chiller Data Load % kwW/ton CHW Design Data CWP Design Data CT Fan Design Data
Inputs Capacity 185 tons 100% 0.6863 Flow 284.0 GPM Flow 640.0 GPM Motor HP 20.0 HP
Inputs Changed IPLV 0.402 kW/ton 75% 0.4984 Head 97 ft. wc. Head 80 ft. wc. Motor Eff. 90.0%
50% 0.3497 Pump Eff. 62.0% Pump Eff. 78.0% Motor LF 75.0%
kW/ton Calc Method: Actual 25% 0.3502 Motor Eff. 93.0% Motor Eff. 88.5%
Min. Spd. 80%
MCcwB CHW Load CHW Load CWST CHWST  Chiller Eff. Chiller Chiller CHWP CHWP CHWP cwp cwp cwp CT Fan CT Fan CT Fan
(3] (%) (tons) (3] (3] (kw/ton) Power Energy Speed Power Energy Speed Power Energy Speed Power Energy
(kw) (kwh) (%) (kw) (kwh) (%) (kw) (kwh) (%) (kw) (kwh)
97.5 1 76.6 100% 185.0 80 46 0.686 127.0 127 100% 9.0 9 100% 14.0 14 100% 12.4 12
92.5 13 73.1 90% 166.5 80 46 0.611 101.8 1,323 95% 7.8 101 100% 14.0 182 95% 10.8 140
87.5 154 73.1 80% 148.0 80 46 0.536 79.3 12,216 90% 6.7 1,032 100% 14.0 2,152 90% 9.3 1,426
82.5 429 71.2 70% 129.5 80 46 0.469 60.7 26,037 85% 5.7 2,450 100% 14.0 5,994 85% 7.9 3,384
77.5 552 68.5 60% 111.0 80 46 0.409 45.4 25,071 80% 4.8 2,660 100% 14.0 7,713 80% 6.7 3,674
72.5 751 66.8 50% 92.5 80 46 0.350 323 24,293 80% 4.8 3,619 100% 14.0 10,493 75% 5.6 4,173
67.5 815 62.9 40% 74.0 80 46 0.350 25.9 21,102 80% 4.8 3,927 100% 14.0 11,388 65% 3.7 3,033
62.5 858 57.3 30% 55.5 80 46 0.350 19.4 16,671 80% 4.8 4,134 100% 14.0 11,988 55% 2.3 2,000
57.5 744 53.3 20% 37.0 80 46 0.350 13.0 9,640 80% 4.8 3,585 100% 14.0 10,396 45% 1.3 989
52.5 530 47.6 10% 18.5 80 46 0.350 6.5 3,434 80% 4.8 2,554 100% 14.0 7,405 35% 0.7 349
47.5 379 42.8
425 464 38.5
37.5 316 33.6
32.5 153 28.9
27.5 44 24.4
22.5 20 20.1
17.5 8 15.4
12.5 0 10.5
7.5 0 5.5
2.5 0 1.1
Total 6,231 139,914 24,070 67,725 19,180
Saved kWh 97,959 0 0 -14,400
% Savings 41% 0% 0% -301%
Month Peak OAT Chiller CHWP cwp CT Fan Total
Demand Demand Demand Demand Demand
(kW) (kW) (kW) (kW) (kw)
Jan 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0
Mar 72.5 323 4.8 14.0 5.6 56.7
Apr 87.5 79.3 6.7 14.0 9.3 109.3
May 87.5 79.3 6.7 14.0 9.3 109.3
Jun 92.5 101.8 7.8 14.0 10.8 1343 Utility Savings Summary % Saved
Jul 92.5 101.8 7.8 14.0 10.8 134.3 Existing kW 976.5
Aug 87.5 79.3 6.7 14.0 9.3 109.3 Proposed kW 998.1
Sep 92.5 101.8 7.8 14.0 10.8 134.3 Saved kW -21.6 -2%
Oct 97.5 127.0 9.0 14.0 12.4 162.4
Nov 67.5 25.9 4.8 14.0 3.7 48.4 Existing kWh 334,449
Dec 0.0 0.0 0.0 0.0 0.0 Proposed kWh 250,890
Total 728.4 62.1 125.8 81.8 998.1 Saved kWh 83,560 25%




Chiller Replacement - Building 37

EXISTING CONDITIONS

Chiller Data Load % kW/ton CHW Design Data CWP Design Data CT Fan Design Data
Inputs Capacity 215 tons 100% 0.516 Flow 320.0 GPM Flow 788.0 GPM Motor HP 25.0 HP
IPLV 0.407 kW/ton 75% 0.592 Head 102 ft. we. Head 48 ft. wc. Motor Eff. 90.0%
50% 0.667 Pump Eff. 70.0% Pump Eff. 78.0% Motor LF 75.0%
kW/ton Calc Method: Actual 25% 0.743 Motor Eff. 93.0% Motor Eff. 88.5%
Min. Spd. 80%
MCWB CHW Load CHW Load CWST CHWST Chiller Eff. Chiller Chiller CHwWP CHWP CHwWP cwp CcwpP cwp CT Fan CT Fan CT Fan
(F) (%) (tons) (3] (F) (kw/ton) Power Energy Speed Power Energy Speed Power Energy Speed Power Energy
(kw) ()] (%) (kw) (kwh) (%) (kw) (kwh) (%) (kw) (kWh)
97.5 1 76.6 100% 215.0 80 46 0.516 110.9 111 100% 9.4 9 100% 10.3 10 100% 15.5 16
92.5 13 73.1 90% 193.5 80 46 0.546 105.7 1,374 95% 8.2 106 100% 10.3 134 85% 9.9 128
87.5 154 73.1 80% 172.0 80 46 0.576 99.1 15,268 90% 7.0 1,083 100% 10.3 1,590 70% 5.7 882
82.5 429 71.2 70% 150.5 80 46 0.607 91.3 39,165 85% 6.0 2,571 100% 10.3 4,428 55% 2.9 1,250
77.5 552 68.5 60% 129.0 80 46 0.637 82.1 45,345 80% 5.1 2,791 100% 10.3 5,698 40% 1.2 659
72.5 751 66.8 50% 107.5 80 46 0.667 71.7 53,849 80% 5.1 3,798 100% 10.3 7,752 35% 0.8 617
67.5 815 62.9 40% 86.0 80 46 0.697 60.0 48,867 80% 5.1 4,121 100% 10.3 8,413 35% 0.8 670
62.5 858 57.3 30% 64.5 80 46 0.727 46.9 40,255 80% 5.1 4,339 100% 10.3 8,856 35% 0.8 705
57.5 744 53.3 20% 43.0 80 46 0.743 31.9 23,754 80% 5.1 3,762 100% 10.3 7,680 35% 0.8 612
52.5 530 47.6 0% 0.0 80 46 0.743 0.0 0 0% 0.0 0 0.0 0 0.0 0
47.5 379 42.8 0% 0.0 0
42.5 464 38.5 0% 0.0 0
37.5 316 33.6 0% 0.0 0
32.5 153 28.9 0% 0.0 0
27.5 44 24.4 0% 0.0 0
22.5 20 20.1 0% 0.0 0
17.5 8 15.4 0% 0.0 0
12.5 0 10.5 0% 0.0 0
7.5 0 5.5 0% 0.0 0
2.5 0 1.1 0% 0.0 0
Total 6,231 267,987 22,580 44,561 5,539

Month Peak OAT Chiller CHWP cwp CT Fan Total
Demand Demand Demand Demand Demand
(kw) (kW) (kw) (kW) (kw)
Jan 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0
Mar 72.5 71.7 5.1 10.3 0.8 87.9
Apr 87.5 99.1 7.0 10.3 5.7 122.2
May 87.5 99.1 7.0 10.3 5.7 122.2
Jun 92.5 105.7 8.2 10.3 9.9 134.1
Jul 92.5 105.7 8.2 10.3 9.9 134.1
Aug 87.5 99.1 7.0 10.3 5.7 122.2
Sep 92.5 105.7 8.2 10.3 9.9 134.1
Oct 97.5 110.9 9.4 10.3 15.5 146.2
Nov 67.5 60.0 5.1 10.3 0.8 76.2
Dec 0.0 0.0 0.0 0.0 0.0
Total 857.1 65.2 92.9 63.9 1,079.1




Chiller Replacement - Building 37

PROPOSED CONDITIONS
Chiller Data Load % kW/ton CHW Design Data CWP Design Data CT Fan Design Data
Inputs Capacity 215 tons 100% 0.6471 Flow 320.0 GPM Flow 788.0 GPM Motor HP 25.0 HP
Inputs Changed IPLV 0.407 kW/ton 75% 0.4913 Head 102 ft. we. Head 48 ft. we. Motor Eff. 90.0%
50% 0.3601 Pump Eff. 70.0% Pump Eff. 78.0% Motor LF 75.0%
kW/ton Calc Method: Actual 25% 0.3557 Motor Eff. 93.0% Motor Eff. 88.5%
Min. Spd. 80%
MCWB CHW Load CHW Load CWST CHWST  Chiller Eff. Chiller Chiller CHWP CHWP CHWP cwp cwp cwp CT Fan CT Fan CT Fan
(3] (%) (tons) (3] (3] (kW/ton) Power Energy Speed Power Energy Speed Power Energy Speed Power Energy
(kw) (kwh) (%) (kw) (kwh) (%) (kw) (kwh) (%) (kw) (kwh)
97.5 1 76.6 100% 215.0 80 46 0.647 139.1 139 100% 9.4 9 100% 10.3 10 100% 15.5 16
92.5 13 73.1 90% 193.5 80 46 0.585 113.2 1,471 95% 8.2 106 100% 10.3 134 95% 13.5 175
87.5 154 73.1 80% 172.0 80 46 0.522 89.9 13,839 90% 7.0 1,083 100% 10.3 1,590 90% 11.6 1,782
82.5 429 71.2 70% 150.5 80 46 0.465 70.0 30,026 85% 6.0 2,571 100% 10.3 4,428 85% 9.9 4,230
77.5 552 68.5 60% 129.0 80 46 0.413 53.2 29,379 80% 5.1 2,791 100% 10.3 5,698 80% 8.3 4,593
72.5 751 66.8 50% 107.5 80 46 0.360 38.7 29,072 80% 5.1 3,798 100% 10.3 7,752 75% 6.9 5,216
67.5 815 62.9 40% 86.0 80 46 0.358 30.8 25,116 80% 5.1 4,121 100% 10.3 8,413 65% 4.7 3,792
62.5 858 57.3 30% 64.5 80 46 0.357 23.0 19,733 80% 5.1 4,339 100% 10.3 8,856 55% 2.9 2,500
57.5 744 53.3 20% 43.0 80 46 0.356 15.3 11,380 80% 5.1 3,762 100% 10.3 7,680 45% 1.7 1,236
52.5 530 47.6 0% 0.0 80 46 0.356 0.0 0 0.0 0 0.0 0 0.0 0
47.5 379 42.8
42.5 464 38.5
37.5 316 33.6
32.5 153 28.9
27.5 44 24.4
22.5 20 20.1
17.5 8 15.4
12.5 0 10.5
7.5 0 5.5
2.5 0 1.1
Total 6,231 160,155 22,580 44,561 23,539
Saved kWh 107,832 0 0 -18,000
% Savings 40% 0% 0% -325%
Month Peak OAT Chiller CHWP cwp CT Fan Total
Demand Demand Demand Demand Demand
(kW) (kW) (kW) (kW) (kW)
Jan 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0
Mar 72.5 38.7 5.1 10.3 6.9 61.0
Apr 87.5 89.9 7.0 10.3 11.6 118.8
May 87.5 89.9 7.0 10.3 11.6 118.8
Jun 92.5 113.2 8.2 10.3 13.5 145.1 Utility Savings Summary % Saved
Jul 92.5 113.2 8.2 10.3 13.5 145.1 Existing kW 1,079.1
Aug 87.5 89.9 7.0 10.3 11.6 118.8 Proposed kW 1,078.0
Sep 92.5 113.2 8.2 10.3 13.5 145.1 Saved kW 1.1 0%
Oct 97.5 139.1 9.4 10.3 15.5 174.4
Nov 67.5 30.8 5.1 10.3 4.7 50.8 Existing kWh 340,668
Dec 0.0 0.0 0.0 0.0 0.0 Proposed kWh 250,836
Total 817.7 65.2 92.9 102.2 1,078.0 Saved kWh 89,832 26%




CHW System RCx - Building 34

EXISTING CONDITIONS

Chiller Data Load % kW/ton CHW Design Data CWP Design Data CT Fan Design Data
Inputs Capacity 185 tons 100% 0.516 Flow 185.0 GPM Flow 640.0 GPM Motor HP 20.0 HP
IPLV 0.686 kW/ton 75% 0.619 Head 104 ft. we. Head 80 ft. wc. Motor Eff. 90.0%
50% 0.722 Pump Eff. 62.0% Pump Eff. 78.0% Motor LF 75.0%
kW/ton Calc Method: Actual 25% 0.825 Motor Eff. 93.0% Motor Eff. 88.5%
Min. Spd. 100.0%
MCWB CHW Load CHW Load CWST CHWST Chiller Eff. Chiller Chiller CHwWP CHWP CHwWP cwp CcwpP cwp CT Fan CT Fan CT Fan
(F) (%) (tons) (3] (F) (kw/ton) Power Energy Speed Power Energy Speed Power Energy Speed Power Energy
(kw) ()] (%) (kw) (kwh) (%) (kw) (kwh) (%) (kw) (kWh)
97.5 1 76.6 100% 185.0 80 46 0.516 95.5 95 100% 6.3 6 100% 14.0 14 100% 12.4 12
92.5 13 73.1 90% 166.5 80 46 0.557 92.8 1,206 100% 6.3 82 100% 14.0 182 85% 7.9 103
87.5 154 73.1 80% 148.0 80 46 0.598 88.6 13,639 100% 6.3 968 100% 14.0 2,152 70% 4.6 705
82.5 429 71.2 70% 129.5 80 46 0.640 82.8 35,533 100% 6.3 2,697 100% 14.0 5,994 55% 2.3 1,000
77.5 552 68.5 60% 111.0 80 46 0.681 75.6 41,714 100% 6.3 3,470 100% 14.0 7,713 40% 1.0 528
72.5 751 66.8 50% 92.5 80 46 0.722 66.8 50,156 100% 6.3 4,721 100% 14.0 10,493 35% 0.7 494
67.5 815 62.9 40% 74.0 80 46 0.763 56.5 46,029 100% 6.3 5,123 100% 14.0 11,388 35% 0.7 536
62.5 858 57.3 30% 55.5 80 46 0.804 44.6 38,305 100% 6.3 5,393 100% 14.0 11,988 35% 0.7 564
57.5 744 53.3 20% 37.0 80 46 0.825 30.5 22,711 100% 6.3 4,677 100% 14.0 10,396 35% 0.7 489
52.5 530 47.6 10% 18.5 80 46 0.825 15.3 8,089 100% 6.3 3,332 100% 14.0 7,405 35% 0.7 349
47.5 379 42.8 100% 6.3 2,382
42.5 464 38.5 100% 6.3 2,917
37.5 316 33.6 100% 6.3 1,986
32.5 153 28.9 100% 6.3 962
27.5 44 24.4 100% 6.3 277
22.5 20 20.1 100% 6.3 126
17.5 8 15.4 100% 6.3 50
12.5 0 10.5 100% 6.3 0
7.5 0 5.5 100% 6.3 0
2.5 0 1.1 100% 6.3 0
Total 6,231 257,476 39,168 67,725 4,780

Month Peak OAT Chiller CHWP cwp CT Fan Total
Demand Demand Demand Demand Demand
(kw) (kW) (kw) (kW) (kw)
Jan 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0
Mar 72.5 66.8 6.3 14.0 0.7 87.7
Apr 87.5 88.6 6.3 14.0 4.6 113.4
May 87.5 88.6 6.3 14.0 4.6 113.4
Jun 92.5 92.8 6.3 14.0 7.9 120.9
Jul 92.5 92.8 6.3 14.0 7.9 120.9
Aug 87.5 88.6 6.3 14.0 4.6 113.4
Sep 92.5 92.8 6.3 14.0 7.9 120.9
Oct 97.5 95.5 6.3 14.0 12.4 128.2
Nov 67.5 56.5 6.3 14.0 0.7 77.4
Dec 0.0 0.0 0.0 0.0 0.0
Total 762.7 56.6 125.8 51.2 996.2




CHW System RCx - Building 34

PROPOSED CONDITIONS
Chiller Data Load % kW/ton CHW Design Data CWP Design Data CT Fan Design Data
Inputs Capacity 185 tons 100% 0.516 Flow 284.0 GPM Flow 640.0 GPM Motor HP 20.0 HP
Inputs Changed IPLV kW/ton 75% 0.592 Head 97 ft. wc. Head 80 ft. we. Motor Eff. 90.0%
50% 0.667 Pump Eff. 62.0% Pump Eff. 78.0% Motor LF 75.0%
kW/ton Calc Method: Actual 25% 0.743 Motor Eff. 93.0% Motor Eff. 88.5%
Min. Spd. 80%
MCWB CHW Load CHW Load CWST CHWST  Chiller Eff. Chiller Chiller CHWP CHWP CHWP cwp cwp cwp CT Fan CT Fan CT Fan
(3] (%) (tons) (3] (3] (kW/ton) Power Energy Speed Power Energy Speed Power Energy Speed Power Energy
(kw) (kwh) (%) (kw) (kwh) (%) (kw) (kwh) (%) (kw) (kwh)
97.5 1 76.6 100% 185.0 80 46 0.516 95.5 95 100% 9.0 9 100% 14.0 14 100% 12.4 12
92.5 13 73.1 90% 166.5 80 46 0.546 90.9 1,182 95% 7.8 101 100% 14.0 182 85% 7.9 103
87.5 154 73.1 80% 148.0 80 46 0.576 85.3 13,137 90% 6.7 1,032 100% 14.0 2,152 70% 4.6 705
82.5 429 71.2 70% 129.5 80 46 0.607 78.6 33,700 85% 5.7 2,450 100% 14.0 5,994 55% 2.3 1,000
77.5 552 68.5 60% 111.0 80 46 0.637 70.7 39,018 80% 4.8 2,660 100% 14.0 7,713 40% 1.0 528
72.5 751 66.8 50% 92.5 80 46 0.667 61.7 46,335 80% 4.8 3,619 100% 14.0 10,493 35% 0.7 494
67.5 815 62.9 40% 74.0 80 46 0.697 51.6 42,048 80% 4.8 3,927 100% 14.0 11,388 35% 0.7 536
62.5 858 57.3 30% 55.5 80 46 0.727 40.4 34,638 80% 4.8 4,134 100% 14.0 11,988 35% 0.7 564
57.5 744 53.3 20% 37.0 80 46 0.743 27.5 20,440 80% 4.8 3,585 100% 14.0 10,396 35% 0.7 489
52.5 530 47.6 10% 18.5 80 46 0.743 13.7 7,280 80% 4.8 2,554 100% 14.0 7,405 35% 0.7 349
47.5 379 42.8 0% 0.0 0
42.5 464 38.5 0% 0.0 0
37.5 316 33.6 0% 0.0 0
32.5 153 28.9 0% 0.0 0
27.5 44 24.4 0% 0.0 0
22.5 20 20.1 0% 0.0 0
17.5 8 15.4 0% 0.0 0
12.5 0 10.5 0% 0.0 0
7.5 0 5.5 0% 0.0 0
2.5 0 1.1 0% 0.0 0
Total 6,231 237,874 24,070 67,725 4,780
Saved kWh 19,602 15,098 $ 3,170 0 0
% Savings 8% 39% 0% 0%
Month Peak OAT Chiller CHWP cwp CT Fan Total
Demand Demand Demand Demand Demand
(kW) (kW) (kW) (kW) (kW)
Jan 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0
Mar 72.5 61.7 4.8 14.0 0.7 81.1
Apr 87.5 85.3 6.7 14.0 4.6 110.6
May 87.5 85.3 6.7 14.0 4.6 110.6
Jun 92.5 90.9 7.8 14.0 7.9 120.6 Utility Savings Summary % Saved
Jul 92.5 90.9 7.8 14.0 7.9 120.6 Existing kW 996.2
Aug 87.5 85.3 6.7 14.0 4.6 110.6 Proposed kW 976.5
Sep 92.5 90.9 7.8 14.0 7.9 120.6 Saved kW 19.7 2%
Oct 97.5 95.5 9.0 14.0 12.4 130.9
Nov 67.5 51.6 4.8 14.0 0.7 71.0 Existing kWh 369,149
Dec 0.0 0.0 0.0 0.0 0.0 Proposed kWh 334,449
Total 737.5 62.1 125.8 51.2 976.5 Saved kWh 34,700 9%




CHW System RCx - Building 35

EXISTING CONDITIONS

Chiller Data Load % kW/ton CHW Design Data CWP Design Data CT Fan Design Data
Inputs Capacity 185 tons 100% 0.516 Flow 185.0 GPM Flow 640.0 GPM Motor HP 20.0 HP
IPLV 0.686 kW/ton 75% 0.619 Head 104 ft. wc. Head 80 ft. wc. Motor Eff. 90.0%
50% 0.722 Pump Eff. 62.0% Pump Eff. 78.0% Motor LF 75.0%
kW/ton Calc Method: Actual 25% 0.825 Motor Eff. 93.0% Motor Eff. 88.5%
Min. Spd. 100.0%
MCWB CHW Load CHW Load CWST CHWST Chiller Eff. Chiller Chiller CHWP CHwWP CHWP Ccwp CwP Ccwp CT Fan CT Fan CT Fan
(3] (%) (tons) (F) (3] (kW/ton) Power Energy Speed Power Energy Speed Power Energy Speed Power Energy
(kw) (kwh) (%) (kw) ()] (%) (kw) (kwh) (%) (kw) (kwh)
97.5 1 76.6 100% 185.0 80 46 0.516 95.5 95 100% 6.3 6 100% 14.0 14 100% 12.4 12
92.5 13 73.1 90% 166.5 80 46 0.557 92.8 1,206 100% 6.3 82 100% 14.0 182 85% 7.9 103
87.5 154 731 80% 148.0 80 46 0.598 88.6 13,639 100% 6.3 968 100% 14.0 2,152 70% 4.6 705
82.5 429 71.2 70% 129.5 80 46 0.640 82.8 35,533 100% 6.3 2,697 100% 14.0 5,994 55% 2.3 1,000
77.5 552 68.5 60% 111.0 80 46 0.681 75.6 41,714 100% 6.3 3,470 100% 14.0 7,713 40% 1.0 528
72.5 751 66.8 50% 92.5 80 46 0.722 66.8 50,156 100% 6.3 4,721 100% 14.0 10,493 35% 0.7 494
67.5 815 62.9 40% 74.0 80 46 0.763 56.5 46,029 100% 6.3 5,123 100% 14.0 11,388 35% 0.7 536
62.5 858 57.3 30% 55.5 80 46 0.804 44.6 38,305 100% 6.3 5,393 100% 14.0 11,988 35% 0.7 564
57.5 744 53.3 20% 37.0 80 46 0.825 30.5 22,711 100% 6.3 4,677 100% 14.0 10,396 35% 0.7 489
52.5 530 47.6 10% 18.5 80 46 0.825 15.3 8,089 100% 6.3 3,332 100% 14.0 7,405 35% 0.7 349
47.5 379 42.8 100% 6.3 2,382
42.5 464 38.5 100% 6.3 2,917
37.5 316 33.6 100% 6.3 1,986
32.5 153 28.9 100% 6.3 962
27.5 44 24.4 100% 6.3 277
22.5 20 20.1 100% 6.3 126
17.5 8 15.4 100% 6.3 50
12.5 0 10.5 100% 6.3 0
7.5 0 5.5 100% 6.3 0
2.5 0 1.1 100% 6.3 0
Total 6,231 257,476 39,168 67,725 4,780

Month Peak OAT Chiller CHWP cwp CT Fan Total
Demand Demand Demand Demand Demand
(kW) (kw) (kW) (kw) (kW)
Jan 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0
Mar 72.5 66.8 6.3 14.0 0.7 87.7
Apr 87.5 88.6 6.3 14.0 4.6 113.4
May 87.5 88.6 6.3 14.0 4.6 113.4
Jun 92.5 92.8 6.3 14.0 7.9 120.9
Jul 92.5 92.8 6.3 14.0 7.9 120.9
Aug 87.5 88.6 6.3 14.0 4.6 113.4
Sep 92.5 92.8 6.3 14.0 7.9 120.9
Oct 97.5 95.5 6.3 14.0 12.4 128.2
Nov 67.5 56.5 6.3 14.0 0.7 77.4
Dec 0.0 0.0 0.0 0.0 0.0
Total 762.7 56.6 125.8 51.2 996.2




CHW System RCx - Building 35

PROPOSED CONDITIONS
Chiller Data Load % kW/ton CHW Design Data CWP Design Data CT Fan Design Data
Inputs Capacity 185 tons 100% 0.516 Flow 284.0 GPM Flow 640.0 GPM Motor HP 20.0 HP
Inputs Changed IPLV kW/ton 75% 0.592 Head 97 ft. wc. Head 80 ft. wc. Motor Eff. 90.0%
50% 0.667 Pump Eff. 62.0% Pump Eff. 78.0% Motor LF 75.0%
kW/ton Calc Method: Actual 25% 0.743 Motor Eff. 93.0% Motor Eff. 88.5%
Min. Spd. 80%
MCcwB CHW Load CHW Load CWST CHWST  Chiller Eff. Chiller Chiller CHWP CHWP CHWP cwp cwp cwp CT Fan CT Fan CT Fan
(3] (%) (tons) (3] (3] (kw/ton) Power Energy Speed Power Energy Speed Power Energy Speed Power Energy
(kw) (kwh) (%) (kw) (kwh) (%) (kw) (kwh) (%) (kw) (kwh)
97.5 1 76.6 100% 185.0 80 46 0.516 95.5 95 100% 9.0 9 100% 14.0 14 100% 12.4 12
92.5 13 73.1 90% 166.5 80 46 0.546 90.9 1,182 95% 7.8 101 100% 14.0 182 85% 7.9 103
87.5 154 73.1 80% 148.0 80 46 0.576 85.3 13,137 90% 6.7 1,032 100% 14.0 2,152 70% 4.6 705
82.5 429 71.2 70% 129.5 80 46 0.607 78.6 33,700 85% 5.7 2,450 100% 14.0 5,994 55% 2.3 1,000
77.5 552 68.5 60% 111.0 80 46 0.637 70.7 39,018 80% 4.8 2,660 100% 14.0 7,713 40% 1.0 528
72.5 751 66.8 50% 92.5 80 46 0.667 61.7 46,335 80% 4.8 3,619 100% 14.0 10,493 35% 0.7 494
67.5 815 62.9 40% 74.0 80 46 0.697 51.6 42,048 80% 4.8 3,927 100% 14.0 11,388 35% 0.7 536
62.5 858 57.3 30% 55.5 80 46 0.727 40.4 34,638 80% 4.8 4,134 100% 14.0 11,988 35% 0.7 564
57.5 744 53.3 20% 37.0 80 46 0.743 27.5 20,440 80% 4.8 3,585 100% 14.0 10,396 35% 0.7 489
52.5 530 47.6 10% 18.5 80 46 0.743 13.7 7,280 80% 4.8 2,554 100% 14.0 7,405 35% 0.7 349
47.5 379 42.8 0% 0.0 0
42.5 464 38.5 0% 0.0 0
37.5 316 33.6 0% 0.0 0
32.5 153 28.9 0% 0.0 0
27.5 44 24.4 0% 0.0 0
22.5 20 20.1 0% 0.0 0
17.5 8 15.4 0% 0.0 0
12.5 0 10.5 0% 0.0 0
7.5 0 5.5 0% 0.0 0
2.5 0 1.1 0% 0.0 0
Total 6,231 237,874 24,070 67,725 4,780
Saved kWh 19,602 15,098 $ 3,170 0 0
% Savings 8% 39% 0% 0%
Month Peak OAT Chiller CHWP cwp CT Fan Total
Demand Demand Demand Demand Demand
(kW) (kW) (kW) (kW) (kw)
Jan 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0
Mar 72.5 61.7 4.8 14.0 0.7 81.1
Apr 87.5 85.3 6.7 14.0 4.6 110.6
May 87.5 85.3 6.7 14.0 4.6 110.6
Jun 92.5 90.9 7.8 14.0 7.9 120.6 Utility Savings Summary % Saved
Jul 92.5 90.9 7.8 14.0 7.9 120.6 Existing kW 996.2
Aug 87.5 85.3 6.7 14.0 4.6 110.6 Proposed kW 976.5
Sep 92.5 90.9 7.8 14.0 7.9 120.6 Saved kW 19.7 2%
Oct 97.5 95.5 9.0 14.0 12.4 130.9
Nov 67.5 51.6 4.8 14.0 0.7 71.0 Existing kWh 369,149
Dec 0.0 0.0 0.0 0.0 0.0 Proposed kWh 334,449
Total 737.5 62.1 125.8 51.2 976.5 Saved kWh 34,700 9%




CHW System RCx - Building 37

EXISTING CONDITIONS

Chiller Data Load % kW/ton CHW Design Data CWP Design Data CT Fan Design Data
Inputs Capacity 215 tons 100% 0.516 Flow 320.0 GPM Flow 788.0 GPM Motor HP 25.0 HP
IPLV 0.686 kW/ton 75% 0.619 Head 102 ft. we. Head 48 ft. wc. Motor Eff. 90.0%
50% 0.722 Pump Eff. 70.0% Pump Eff. 78.0% Motor LF 75.0%
kW/ton Calc Method: Actual 25% 0.825 Motor Eff. 93.0% Motor Eff. 88.5%
Min. Spd. 100.0%
MCWB CHW Load CHW Load CWST CHWST Chiller Eff. Chiller Chiller CHwWP CHWP CHwWP cwp CcwpP cwp CT Fan CT Fan CT Fan
(F) (%) (tons) (3] (F) (kw/ton) Power Energy Speed Power Energy Speed Power Energy Speed Power Energy
(kw) ()] (%) (kw) (kwh) (%) (kw) (kwh) (%) (kw) (kWh)
97.5 1 76.6 100% 215.0 80 46 0.516 110.9 111 105% 10.8 11 100% 10.3 10 100% 15.5 16
92.5 13 73.1 90% 193.5 80 46 0.557 107.8 1,402 105% 10.8 141 100% 10.3 134 85% 9.9 128
87.5 154 73.1 80% 172.0 80 46 0.598 102.9 15,850 105% 10.8 1,667 100% 10.3 1,590 70% 5.7 882
82.5 429 71.2 70% 150.5 80 46 0.640 96.3 41,295 105% 10.8 4,645 100% 10.3 4,428 55% 2.9 1,250
77.5 552 68.5 60% 129.0 80 46 0.681 87.8 48,478 105% 10.8 5,977 100% 10.3 5,698 40% 1.2 659
72.5 751 66.8 50% 107.5 80 46 0.722 77.6 58,289 105% 10.8 8,132 100% 10.3 7,752 35% 0.8 617
67.5 815 62.9 40% 86.0 80 46 0.763 65.6 53,493 105% 10.8 8,825 100% 10.3 8,413 35% 0.8 670
62.5 858 57.3 30% 64.5 80 46 0.804 51.9 44,516 105% 10.8 9,290 100% 10.3 8,856 35% 0.8 705
57.5 744 53.3 20% 43.0 80 46 0.825 35.5 26,393 105% 10.8 8,056 100% 10.3 7,680 35% 0.8 612
52.5 530 47.6 0% 0.0 80 46 0.825 0.0 0 0.0 0 0.0 0 0.0 0
47.5 379 42.8
42.5 464 38.5
37.5 316 33.6
32.5 153 28.9
27.5 44 24.4
22.5 20 20.1
17.5 8 15.4
12.5 0 10.5
7.5 0 5.5
2.5 0 1.1
Total 6,231 289,828 46,744 44,561 5,539

Month Peak OAT Chiller CHWP cwp CT Fan Total
Demand Demand Demand Demand Demand
(kw) (kW) (kw) (kW) (kw)
Jan 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0
Mar 72.5 77.6 10.8 10.3 0.8 99.6
Apr 87.5 102.9 10.8 10.3 5.7 129.8
May 87.5 102.9 10.8 10.3 5.7 129.8
Jun 92.5 107.8 10.8 10.3 9.9 138.8
Jul 92.5 107.8 10.8 10.3 9.9 138.8
Aug 87.5 102.9 10.8 10.3 5.7 129.8
Sep 92.5 107.8 10.8 10.3 9.9 138.8
Oct 97.5 110.9 10.8 10.3 15.5 147.6
Nov 67.5 65.6 10.8 10.3 0.8 87.6
Dec 0.0 0.0 0.0 0.0 0.0
Total 886.4 97.5 92.9 63.9 1,140.7




CHW System RCx - Building 37

PROPOSED CONDITIONS
Chiller Data Load % kW/ton CHW Design Data CWP Design Data CT Fan Design Data
Inputs Capacity 215 tons 100% 0.516 Flow 320.0 GPM Flow 788.0 GPM Motor HP 25.0 HP
Values Changed IPLV 0.407 kW/ton 75% 0.592 Head 102 ft. we. Head 48 ft. wc. Motor Eff. 90.0%
50% 0.667 Pump Eff. 70.0% Pump Eff. 78.0% Motor LF 75.0%
kW/ton Calc Method: Actual 25% 0.743 Motor Eff. 93.0% Motor Eff. 88.5%
Min. Spd. 80%
MCWB CHW Load CHW Load CWST CHWST  Chiller Eff. Chiller Chiller CHWP CHWP CHWP cwp cwp cwp CT Fan CT Fan CT Fan
(3] (%) (tons) (3] (kW/ton) Power Energy Speed Power Energy Speed Power Energy Speed Power Energy
(kw) (kwh) (%) (kw) (kwh) (%) (kw) (kwh) (%) (kw) (kwh)
97.5 1 76.6 100% 215.0 80 46 0.516 110.9 111 100% 9.4 9 100% 10.3 10 100% 15.5 16
92.5 13 73.1 90% 193.5 80 46 0.546 105.7 1,374 95% 8.2 106 100% 10.3 134 85% 9.9 128
87.5 154 73.1 80% 172.0 80 46 0.576 99.1 15,268 90% 7.0 1,083 100% 10.3 1,590 70% 5.7 882
82.5 429 71.2 70% 150.5 80 46 0.607 91.3 39,165 85% 6.0 2,571 100% 10.3 4,428 55% 2.9 1,250
77.5 552 68.5 60% 129.0 80 46 0.637 82.1 45,345 80% 5.1 2,791 100% 10.3 5,698 40% 1.2 659
72.5 751 66.8 50% 107.5 80 46 0.667 71.7 53,849 80% 5.1 3,798 100% 10.3 7,752 35% 0.8 617
67.5 815 62.9 40% 86.0 80 46 0.697 60.0 48,867 80% 5.1 4,121 100% 10.3 8,413 35% 0.8 670
62.5 858 57.3 30% 64.5 80 46 0.727 46.9 40,255 80% 5.1 4,339 100% 10.3 8,856 35% 0.8 705
57.5 744 53.3 20% 43.0 80 46 0.743 31.9 23,754 80% 5.1 3,762 100% 10.3 7,680 35% 0.8 612
52.5 530 47.6 0% 0.0 80 46 0.743 0.0 0 0% 0.0 0 0.0 0 0% 0.0 0
47.5 379 42.8
42.5 464 38.5
37.5 316 33.6
32.5 153 28.9
27.5 44 24.4
22.5 20 20.1
17.5 8 15.4
12.5 0 10.5
7.5 0 5.5
2.5 0 1.1
Total 6,231 267,987 22,580 44,561 5,539
Saved kWh 21,841 24,164 0 0
% Savings 8% 52% 0% 0%
Month Peak OAT Chiller CHWP cwp CT Fan Total
Demand Demand Demand Demand Demand
(kW) (kW) (kW) (kW) (kW)
Jan 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0
Mar 72.5 71.7 5.1 10.3 0.8 87.9
Apr 87.5 99.1 7.0 10.3 5.7 122.2
May 87.5 99.1 7.0 10.3 5.7 122.2
Jun 92.5 105.7 8.2 10.3 9.9 134.1 Utility Savings Summary % Saved
Jul 92.5 105.7 8.2 10.3 9.9 134.1 Existing kW 1,140.7
Aug 87.5 99.1 7.0 10.3 5.7 122.2 Proposed kW 1,079.1
Sep 92.5 105.7 8.2 10.3 9.9 134.1 Saved kW 61.6 5%
Oct 97.5 110.9 9.4 10.3 15.5 146.2
Nov 67.5 60.0 5.1 10.3 0.8 76.2 Existing kWh 386,672
Dec 0.0 0.0 0.0 0.0 0.0 Proposed kWh 340,668
Total 8