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DISCLAIMER

The materials provided herein are intended as a summary of work that has been completed as of the
time of this report. It does not take the place of any code, statute, ordinance, resolution or other legal
document. The Energy System Laboratory and the Texas A&M Engineering Experiment Station make no
representations and extend no warranties of any kind, either express or implied in connection with the
technical report or data furnished hereunder. There are no express or implied warranties of
merchantability or fitness for a particular purpose, or that use of such materials or modification of such
materials will not infringe any patent, copyright, trademark, or other proprietary right. The views and
opinions of the authors do not necessarily state or reflect those of the Texas A&M Engineering
Experiment Station, the State of Texas or any Agency thereof. The verification of the technical
calculations provided in “Dunham Engineering’s Energy Modeling of Market Square re OAQDA
Application” document should not be seen as an overall endorsement of the proposed project, nor
should it be seen as a rejection of the proposed project. Finally, compliance of the proposed project with
all applicable rules, laws and codes at the local, state and federal levels remains to be determined as the
design of the facility advances.
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EXECUTIVE SUMMARY

This report for Technical Support Services: Task 1. Application Evaluation of the Market Square Project,
Cleveland, Ohio, summarizes the technical analysis performed on the materials provided that estimate
the emissions reduction for the energy efficient design of the Market Square Project in Cleveland, Ohio.
This technical analysis evaluates the technical merits of the project proposal to conserve air as a natural
resource by preventing air pollution from electric power production from fossil fuel combustion in Ohio
and from on-site combustion of natural gas. The analysis is based on project application materials
received from Dunham Engineering consisting of an overall project description and input/out files from
the EQUEST 3.65 whole-building simulation used to calculate the electricity and natural gas use.

To perform the analysis for Task 1 the following sub-tasks were completed:

e  Task 1.1: Receive and review project application materials, including construction drawings,
calculations, and other documents.

e  Task 1.2: Analysis of the energy code compliance with ASHRAE Standard 90.1-2010.

e  Task 1.3: Analysis of the simulated electricity and natural gas savings from the Office and
Apartment buildings at Market Square, including calculation of key whole-building energy use
metrics for the project.

) Task 1.4: Calculation of the 40 to 60 kW PV installation.

e  Task 1.5: Analysis of air pollution savings from electricity and natural gas savings from the energy
efficient design of the Office and Apartment buildings at the Market Square Project in Cleveland,
Ohio.

e  Task 1.6: Identification of limitations and risks that may occur during construction and operation of
the project that may adversely impact the expected benefits to the State in energy savings and
emissions reductions.

In summary, this analysis has verified the total annual energy savings of:

e Total electricity savings of 2,353,255 kWh (includes grid losses = 4.9%),

e  Total natural gas savings of 4,085 MMBTtu (includes pipeline losses = 5%),
e  Total cost savings of $332,893,

e  Total electricity savings of $300,606,

e  Total natural gas savings of $32,287.

As well as total annual emissions reduction of:

e  Total NOx reductions of 2,127 lbs (electric + natural gas),
e  Total SO2 reductions of 2,826 lbs (electric + natural gas),
e  Total CO2 reductions of 3,399,140 Ibs (electric + natural gas).

These savings represent the calculated annual energy savings and resultant annual emissions reduction
for the intended operation of the proposed project to serve as an Air Quality Facility as defined in
Chapter 3706 of the Ohio revised code.

IEES
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This analysis has identified the following Energy Conservation Design Measures (ECDMs) as contributing
significantly to reducing the overall annual energy use:

e The use of energy efficient windows,

e The use of an Energy Recovery Ventilator (ERV) for exhaust air,

o Improved boiler and chiller efficiencies,

e Improved interior, exterior lighting,

e Shading of the Office building,

e Improved insulation levels (walls, ceiling and floors),

e Improved ventilation system (parking),

e The use of thermal mass (i.e., concrete, steel & timber).

Annual Consumption of Office, Retail, Apts, Parking & Lighting

Electric Consumption

Natural Gas
Consumption

Total Energy
Consumption

(kWh, site+grid) (MMBtu,site+p.loss) (MMBtu)
Energy Code Complaint Baseline 5,987,068 9,233 29,666
Proposed 3,633,814 5,149 17,551
Savings 2,353,255 4,085 12,115
% Savings 39% 44% 41%

Annual Emissions of Office, Retail, Apts, Parking & Lighting

Nitrous Oxide (NOx)

Sulfur Dioxide (502)

CO2 Emissions

Emissions (lbs) Emissions (lbs) (Ibs)
Energy Code Complaint Baseline 5,408 7,188 8,513,832
Proposed 3,281 4,364 5,114,692
Savings 2,127 2,826 3,399,140
% Savings 39% 39% 40%

Total Energy Savings and Emissions Reductions from the proposed Market Square Project

The calculated savings do not include the electricity production from on-site renewable energy systems

based on the project application materials submitted to date.

The calculated savings do not include energy savings associated with the embodied energy use
representative of the materials used in the project (i.e., timber). Where the “Embodied energy use is
sum of all the energy required to produce any goods or services, considered as if that energy was

incorporated or ‘embodied’ in the product itself” (Source” www.wikipedia.org, 2019).
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TASK 1.1. Receive and review project application materials, including

construction drawings, calculations, and other documents.

The project application materials received for the Market Square Project consist of the following

items:

Market Square — OAQDA Application for Financing of Air Quality Control Facility — April 23,
2019, 126 pages (See Appendix A).

Dunham Engineering - Schematic Design (SD) Energy Modeling of Market Square, 4 page
(See Appendix B).

Dunham Engineering — MS Schematic Energy Modeling (EM) files, June 11, 2019, zip file
containing 12 files (See Appendix C).

Dunham Engineering — 20190723 MarketSquare Ext Parking Lighting and Fans
Dunham Engineering — MS Retail Energy Models files, June 24, 2019

These materials were received and inspected and information was extracted for use in the analysis
of the energy savings and emissions reductions for the Market Square project.

IEES
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TASK 1.2. Analysis of the energy code compliance with ASHRAE Standard 90.1-
2010.

An analysis of the compliance with ASHRAE Standard 90.1-2010 (Figure 1.1) was performed on the
information provided by Dunham Engineering (Appendix B, C) for the Office building, Apartment
building and Retail as shown in Table 1.1 (Office), Table 1.2 (Apartment) building and Table 1.3 (Retail)
buildings. In each of these tables the item being considered is listed on the leftmost column (i.e., Climate
Zone, Floor Area, etc.) with the values provided by the Dunham Letter (Appendix B) for the base case
and proposed buildings and the minimum value required by ASHRAE Standard 90.1-2010. Meeting the
minimum code compliance in the base case building is required when considering the energy savings
and emissions reduction “above code”.

Table 1.1 (Office) shows that the base-case Office building meets or exceeds the code compliance
required for ASHRAE Standard 90.1-2010.

Table 1.2 (Apartment) shows that the base-case Apartment building meets or exceeds the code
compliance required for ASHRAE Standard 90.1-2010.

Table 1.3 (Retail) shows that the base-case Retail building meets or exceeds the code compliance
required for ASHRAE Standard 90.1-2010.

The review of the building characteristics for the base-case Office building in the Dunham Engineering
document showed the building complied with ASHRAE 90.1-2010 (Table 1.1).

The review of the building characteristics for the base-case Apartment building in the Dunham
Engineering document identified two claimed building characteristics that are not allowed in ASHRAE
Standard 90.1-2010 (Table 1.2), even though the claims appear to be reasonable assumptions.

e The first characteristic is the “reduction due to energy efficient appliances” in the plug loads.
Therefore, this characteristic was not included in the verification simulation of the Proposed
Apartment building.

e The second characteristic is the “load reduction due to low flow fixtures and energy efficient
appliances” in the DHW analysis. In a similar fashion as the plug loads, this characteristic was
also not included in the verification simulation of the Proposed Apartment building.

As a result, since neither the plug load reductions nor the reduced DHW loads were used in the
verification simulations of the Apartment building, and since the verification simulations were able to
achieve 90%+ of the proposed reductions, it can be concluded that the impact of each of these
measures has a small effect on the overall simulation results of the Apartment building, and therefore,
the Apartment building meets the code requirement of ASHRAE Standard 90.1-2010.
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Table 1.1. Analysis of ASHRAE Standard 90.1 Code Compliance (Office)

OFFICE
Dunham letter ASHRAE 90.1-2010 Dunham letter
Basecase Minimum Code Proposed

Climate Zone Zone 5A Zone 54 Zane 5A
Floor Area (ft2) 204,300 - 204,300
Floor Area/Floor (ft2) 22,700 - 22,700
# of floors 9 - 9
Floor to floor ht. (ft) 14 - 14
Roof Insulation R-20Ci R-20Ci, U=0.048 R-25Ci, U=0.04
Wall Description Steel framed Steel framed
Wall Insulation R-13+R-7.5Ci R-13+R-7.5Ci, U=0.064 R-13+R-10Ci
W1tW Ratio A0% A0% 65%
Window Descr. Fixed - Fixed
Window Assembly Uvalue 0.45 0.45 {max assembly) U=0.36
Window SHGC 0.4 0.4 (all) SHGC=0.23
Exterior shading Mone Mone from Terraces
Lighting Int. LPD 0.9 0.9 0.35

Lighting/Daylighting

Proposed=Code

Proposed=Code

Proposed=Code

Lighting/OccSens

Proposed=Code

Proposed=Code

Proposed=Code

Plug Loads Proposed=Code Proposed=Code Proposed=Code
System 2: VAV, chilled
HVAC System VAV w-HW-Reheat water, hot-water boiler Fan-powered term units

Air Handling Units

VAV w/ heating,
cooling coils

vav w heating, cooling
coils

VAV DOAS wf Heat
Recovery

Economizer

Airside

Waterside

Heating System

Boiler, 80% eff.

280% eff, Table 6.8.1 Gas
fired boilers, min.eff

Boiler, 92% eff.

Cooling System

Air cooled chillers

EER »9.562, Table 6.8.1
water chilling packages

High eff.chillers

DHW

80% eff, Table 7.8 Perf.
Requirements for Water
Heating Equipment
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Table 1.2. Analysis of ASHRAE Standard 90.1 Code Compliance (Apartment)

‘0T0Z-T°06 saouer|dde usniya juawdinb3 Suneay - MHa
Ul 1Ipa1d 10} paMo]|e 10N "SISAJEUE Ul pIPN|2UI 10N AB13ua pue saunixiy Moyl 131eAN 104 spUuaWBIInbay
MO| 0} 3NP UORINPaY peoT "Had 8°L 9|9EL ‘WS %08
T SazIs "YT'8"0 3|qel s3zIs wa1shAs IVAH
uoI1235 ‘0T0Z-T06 ITHHSY YIM SJUBPIOIIE Ul PIZIS Burhuea ‘Auanooal 1eay/m TI0Z/T/00se ‘336 TT WN | | Buthuen ‘dwng 1eaH
SY0Q ‘J4A pajooD 1y |eulwia) padeyied
"0TOZ-T°06 Jssoueldde wusniys - N speo13nid

Ul 1IpaJ4d 104 pEMO||e 10N "SISA|EUR UI p2pN|2UL 10N

AS1aua 01 anp uononpay,

IUON IUON IUON suas20/Funyan
IUoN IUDN IUON BunydyAeg/Sunydn
= T°5'6 B1GEL “Allweyinw ‘g0 0 ad1 i dunydn
IUON UON IUON Suipeys Jonapq
£2°0 0 0 JDHS Mopuim
o g5 c50 an|ean Ajquassy mopuim
3|gesado - agesado *1353( MOPUIA
%09 %0% %0t OI1EH MIM
IDOT-H+ET-H #00°0=0 126/ -4+ET-Y IDG°L-H+ET-H uoe|nsul |Jem
p3WEel 3315 paWel [3315 uondunsag |[EM
1267-4 gr0°0=N “120Z-4 1D0Z-4 uonejnsuj jooy
ST - o1l (1) "1y 100)4 01 10014
9 - 9 Slooj}jo g
009°0F - 0090 (zu) loo|4/esry 100]4
009°st2 - 009°E42 {zu) eaav 1004
HO ‘pueaAa[D ZAINL WG auoys WG BuoZ Y& 2uoy? SUOY S}EW|]
pasodoid PO WNWIUIA a5eJaseq

5310N

13113] weyung

0T0Z-1706 IVHHSY

1313] weyung

INIFNLHVdY

OAQDA | Task 1 - Final Report | 08-08-19 | Page 11

ENERGY SYSTEMS LABORATORY

TEXAS A&M ENGINEERING EXPERIMENT STATION



DRAFT

Table 1.3. Analysis of ASHRAE Standard 90.1 Code Compliance (Retail)

Proj. Market Square Ohio
g 0419171/0419253

RETAIL

Code 90.1-2010 as path through 2012 IECC
cz SA
Uszge Retail
Area sf 55,000
# of Floors Qty 2
Floor To Floor Height ft v es
Parameter Units Baseline Proposed Design
File name root
Erwvelope
OffceTower Floor 1s1:12" Cong, 3" Insul 3" Topping |1st: 12" Cong, 3" Insul 3" Topping
Resdentizl Tower Floors 1st: 12" Cong, 3" Insul, 3" Topping |1st: 12" Cong, 3" Insul, 3" Topping
2nd" 9" Concrete 2nd:" 9" Concrete
Roof Description Insulation Entirely Above Deck Insulation Entirely Above Deck
Roof Insulation hr-f-F/Btu  |R-20ci R-30ci
Wall Descrigtion Steel framed Steel framed
Wallinsulxion hr-sf-F/Btu  [R-13 + R-7.5¢i ‘Walks' are insuleted spandrel
sections of the window wall system
with batt in cavity.
Window 1o Wall Ratio % 4% 80%
Window Description Fed Ficed
Window COG U Biw/hr-s-F  |NJA 0.24
Window Asembly U Bru/hr-sf-F 0.45 0.36
Window SHGC Unitless 0.4 0.24
Window VLT % MN/A 41%
Exterior Shading MNone From Terraces
Terrxe Floors Thermally Separated Thermally Separ ated
Skylghts MNone None
Usage Retail
Lighting
Interior LPD Jw/st 1.68 1.22
Daylighting Proposed = Code
Vac [ Occ Sensor Propasad = Code
Plug Loads Proposed = Code
HVAC
Space distribution Air Source Hex Pump Air Source Hea Pump
Cooling Efficiency 13 SEER 19 SEER
Heating Efficiency 7.7 HPSF 8.2 HPSF
Economizer MNone while units iess than 54 Mone
kiBtu/hr
Heat Recovery Mone Required Sensible Flat Flate
Central Hea ing Plant MN/A N/A
Central Cooling Plant MNSA NJSA

Electric Point of Use

Electric Point of Use
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TASK 1.3. Analysis of the simulated electricity and natural gas savings from the
Office/Retail, Apartment and buildings at Market Square, including
calculation of key whole-building energy use metrics for the project.

In this task an analysis of the simulated electricity and natural gas savings from the Office and
Apartment buildings at the proposed Market Square project was undertaken to determine if the
proposed energy savings for the Office and Apartment buildings could be confirmed.

To accomplish this task the following sub-tasks were taken:

e Confirm that the EQUEST simulation files provided by Dunham Engineering match the energy
savings provided in the document “The Energy Modeling of Market Square re: OAQDA Application”
for the base case and proposed buildings.

e |solate and re-simulate the individual savings results by subtracting individual savings measures
from the total proposed simulation input files for the Office and Apartment buildings.

e Assemble the individual measures into a summary simulation input file that confirms that the total
simulated measures are within +10% of the base-case simulations

e Extract the key whole-building energy use metrics for each simulation.

e Evaluate the end-use changes in energy use for the Proposed vs Base Line simulations of the Office
and Apartment buildings.

Results of these sub-tasks can be seen in Table 1.4 - Analysis of simulated electricity and natural gas
savings from the Proposed Office and Apartment buildings at Market Square.
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TASK 1.3.1. Confirm that the EQUEST simulation files provided by Dunham Engineering match
the energy savings provided in the document “The Energy Modeling of Market
Square re: OAQDA Application” for the base case and proposed buildings.

In this task of the analysis the groups of input/output files received from Dunham Engineering were
loaded into the EQUEST program and individually re-simulated with the Cleveland, OH TMY2 weather
file as shown Table 1.4 in the first eight rows of the table labeled “OFF BASE — Dunham” — through “APT
PROP — Rerun Files”.

In Sub-task 1.3.1 the EQUEST simulation .INP input files for the base-case simulations (i.e., OFF BASE,
APART BASE and RETAIL BASE) and proposed simulations (i.e., OFF BASE, OFF PROP RETAIL BASE) of the
Office, Apartment and Retail building were re-simulated using EQUEST Version 3.65 to confirm that the
results of the simulations from the input files received by Dunham Engineering matched with the
EQUEST simulation .SIM output files.

The results of the analysis showed that the six .INP input files generated six .SIM output files that exactly
matched the .SIM files received from Dunham Engineering (See Table 1.3 or the extracted portion of
Table 1.3 above). This sub-task was a necessary step to accomplish before any editing of the input files
was undertaken.

TASK: 1.3.2. Isolate and re-simulate the individual savings results by subtracting individual
savings measures from the total proposed simulation input files for the
Office/Retail and Apartment buildings.

In this sub-task individual Energy Conservation Design Measures (ECDMs) were determined, from those
that were listed in the Dunham Engineering report “The Energy Modeling of Market Square re: OAQDA
Application”, or by inspection of the EQUEST .INP input file. These individual ECDMs were then entered
into the EQUEST .INP input file and the simulation re-run to determine the impact of the individual
measure.

The results can be seen in Table 1.4 in the groups of runs labeled “APT PROP + ...” and “OFF PROP +...”

The individual measures evaluated for the Proposed Apartment building included:

e APT PROP + window U 0.4 to 0.55, SC 0.26 to 0.46. This measure involved changing the Uvalue of
the windows from 0.4 (proposed) to 0.55 (base case) and changing the Shading Coefficient (SC)
from 0.26 (proposed) to 0.46 (base case). The impact of changing these simulation inputs raised the
total annual site energy use from 6,762 MMBtu per year to 7,032 MMBtu per year.

e APT PROP + exhaust recovery. This measure removed the exhaust heat recovery from the
simulation. The impact of removing the heat recovery raised the total annual site energy use from
6,762 MMBtu per year to 8,787 MMBtu per year.

e APTPROP + EIR Heat 0.217 to 0.37 Cool 0.233 same. This measure reduced the efficiency of the
heating equipment from an Energy Input Ratio of 0.217 to 0.37 (which was used in the base-case),
with the cooling equipment EIR remaining the same. The impact of this measure raised the total
annual site energy use from 6,762 MMBtu per year to 7,328 MMBtu per year.

IEES
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The individual measures evaluated for the Office portion of the proposed Office/Retail building included:

OFF PROP + Chiller EIR 0.126 to 0.370. This measure represents changing the chiller efficiency in
the simulation from an EIR of 0.126 to an EIR of 0.370. The impact of this measure raised the total
annual site energy use from 6,804.5 MMBtu per year to 7,542.5 MMBtu per year.

OFF PROP + Boiler HIR 1.064 to 1.25.This measure represents changing the boiler HIR efficiency
from 1.064 to and HIR of 1.25. The impact of this measure raised the total annual site energy use
from 6,804.5 MMBtu per year to 7,385.2 MMBtu per year.

OFF PROP + lighting 0.34 to 0.9 w/ft2. This measure represents changing the lighting energy use
from an efficient 0.34 Watts/ft2 to a less efficient 0.90 Watts/ft2. The impact of this measure
raised the total annual site energy use from 6,804.5 MMBtu per year to 7,671.0 MMBtu per year.

OFF PROP + window U 0.36 to 0.45 + SHGC 0.23 to 0.40. This measure represents changing the
window Uvalue from 0.36 to 0.45 and changing the SHGC from 0.23 to 0.40. The impact of this
measure raised the total annual site energy use from 6,804.5 MMBtu per year to 7,619.0 MMBtu
per year.

OFF PROP + exhaust heat recovery. This measure represents disabling the exhaust heat recovery in
the simulation. The impact of this measure raised the total annual site energy use from 6,804.5
MMBtu per year to 7,472 MMBtu per year.

OFF PROP + shade. This measure represents the removal of the external shading in the simulation
of the proposed building. The impact of this measure raised the total annual site energy use from
6,804.5 MMBtu per year to 6,815.8 MMBtu per year.

The individual measures evaluated for the proposed Retail portion of the Office building included:

IEES

RETAIL PROP + HEIR 0.2612 t0 0.2741 C EIR 0.1589 to 0.2507. This measure represents changing
the boiler efficiency and chiller efficiency. The impact of this measure raised the total annual site
energy use from 2,156.0 MMBtu per year to 2,272.8 MMBtu per year.

RETAIL PROP + lighting 1.22 to 1.68.This measure represents changing the lighting energy use from
an efficient 1.22 Watts/ft2 to a less efficient 1.68 Watts/ft2. The impact of this measure raised the
total annual site energy use from 2,156.0 MMBtu per year to 2,410.0 MMBtu per year.

RETAIL PROP + window U-0.347 to 0.52 SC 0.28 to 0.46. This measure represents changing the
window Uvalue from 0.52 to 0.347 and changing the SHGC from 0.46 to 0.28. The impact of this
measure raised the total annual site energy use from 2,156.0 MMBtu per year to 2,277.0 MMBtu
per year.

RETAIL PROP + ERV. This measure represents disabling the exhaust heat recovery in the simulation.
The impact of this measure raised the total annual site energy use from 2,156.0 MMBtu per year to
2,651.7 MMBtu per year.
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TASK 1.3.3. Assemble the individual measures into a summary simulation input file that
confirms that the total simulated measures are within +10% of the base-case
simulations.

The combined measures evaluated for the Proposed Apartment building included:

e APT PROP + Win + exh + H EIR _*FINAL*. This measure represents the combined change to the
windows + the change to the exhaust recovery + the change to the heating system efficiency. It was
the final simulation used to verify the proposed Apartment building. The impact of these combined
measures raised the total annual site energy use from 6,762 MMBtu per year to 10,569 MMBtu per
year, which is within 90% of the energy efficient design measures claimed in the Dunham
Engineering document.

The combined measures evaluated for the Office portion of the proposed Office/Retail building included:

e  OFF PRQOP + chill+boil+light+win+ERV+shade *FINAL*. This measure represents the combined
change to the chiller + boiler + lighting + windows + exhaust + shading. It was the final simulation
used to verify the proposed Office building. The impact of these combined measures raised the
total annual site energy use from 6,804.5 MMBtu per year to 10,962 MMBtu per year, which is
within 90% of the energy efficient design measures claimed in the Dunham Engineering document.

The combined measures evaluated for the Retail portion of the propose Office/Retail building included:

e  RETAIL PRQOP +chill +boil +light +win +ERV *FINAL*. This measure represents the combined change
to the chiller + boiler + lighting + windows + ERV. It was the final simulation used to verify the
proposed Retail building. The impact of these combined measures raised the total annual site
energy use from 2,156.0 MMBtu per year to 3,065.6 MMBtu per year, which is within 90% of the
energy efficient design measures claimed in the Dunham Engineering document.
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Analysis of simulated electricity and natural gas savings from the Proposed Office/Retail and Apartment build

ings

Table 1.4

at Market Square.
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TASK 1.3.4. Extract the key whole-building energy use metrics for each simulation.

In this sub-task the key whole-building energy use metrics for each simulation were extracted from the
EQUEST program using the BEPS output page (Table 1.5). In general, these whole-building energy use
metrics have predictable relationship to the Total energy use, with the exception that the source EUls
have a higher value that accounts for the source energy consumed at the power plants to generate
electricity.

For the Apartment building verification simulation the combined total energy use (10,569 MMBtu) had
an Site EUI of 40,300 Btu/ft2-yr, which compares well with the Apartment base-case EUI of 42,100
Btu/ft2-yr reported in the Dunham Engineering report.

In the Office building verification simulation the combined total energy use (10,962 MMBtu) had a Site
EUI of 45,700 Btu/ft2-yr, which compares well with the Office base-case EUI of 50,700 Btu/ft2-yr
reported in the Dunham Engineering report. However, the EUI of the verification simulation (92,500
Btu/ft2-yr) was about 2% higher than the EUI of the base-case simulation reported by Dunham
Engineering, which is most likely due to changes in the conditioned area associated with the removal of
the building shading.

For the Retail building verification simulation the combined total energy use (3,056.6 MMBtu) had a Site
EUI of 56,000 Btu/ft2-yr, which compares well with the Retail base-case EUI of 56,300 Btu/ft2-yr
reported in the Dunham Engineering report.

The proposed Market Square project significantly reduced the EUIs for the Office, Apartment and Retail
as shown below (Appendix E).

Comparison of EUls
EUI (Site)
(Btu/ft2-yr)

RETAIL EPA Port/Man (CBECS enc. mall) 65,700
RETAIL BASE - Dunham 56,300
RETAIL PROP - Dunham 39,400
Difference (Dunham Base-Prop/base) 30%
Difference (EPA-Prop/EPA) 40%
OFFICE EPA Port/Man (CBECS Off) 32,900
OFF BASE - Dunham 30,700
OFF PROP - Dunham 28,400
Difference (Dunham Base-Prop/base) 44%
Difference (EPA-Prop/EPA) 46%
APT EPA Port/Man (CBECS enc. mall) 59,600
APT BASE - Dunham 42,100
APT PROP - Dunham 25,800
Difference (Dunham Base-Prop/base) 35%
Difference (EPA-Prop/EPA) 57%

SOURCE: US EPA Portfolioc Manager, August 2018
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Table 1.5: Key whole-building Energy Use Metrics for Each Simulation.

EUI {Site) EUI (Source)
Whole-building Energy Simulation Run: TOTAL Use (BEPS) Use [BEPS)
(MMBtufyr) Btu/ft2-yr  Btu/ft2-yr

RETAIL BASE - Dunham 3086.2 56,300 169,000
RETAIL PROP - Dunham 2156.0 39,400 118,100
RETAIL BASE - Rerun files 3086.2 56,300 169,000
RETAIL PROP - Rerun files 2156.0 39,400 118,100
OFF BASE - Dunham 12,169.0 50,700 90,600
OFF PROP - Dunham 6,804.5 28,400 55,000
OFF BASE - Rerun files 12,169.0 50,700 90,600
OFF PROP - Rerun files 6,803.8 28,400 55,000
APT BASE - Dunham 11,024.0 42,100 115,400
APT PROP - Dunham b,762.0 25,800 67,700
APT BASE - Rerun files 11,024.0 42,100 115,400
APT PROP - Rerun files b,762.0 25,800 67,700
RETAIL PROP + H EIR 0.261 to 0.274 C EIR 0.158 to 0.250 22728 41,500 124,400
RETAIL PROP + lighting 1.22 to 1.68 2410.0 44,000 132,000
RETAIL PROP + window U-0.347 to 0.52 SC 0.28 to 0.46 227717 41,600 124,700
RETAIL PROP + ERV 2651.7 48,400 145,200
RETAIL PROP + EIR + lighting + window + ERV  *FINAL* 3065.6 56,000 167,900
APT PROP +window U 0.4 to .55, 5C .26 to .46 7,032.0 26,800 70,800
APT PROP + exhaust heat recovery 8,737.4 33,500 90,300
APT PROP + EIR Heat 0.217 to 0.37 Cool 0.233 same 7.328.6 28,000 74,100
APT PROP + Win + exh + HEIR *FINAL* 10,569.0 40,300 111,200
OFF PROP + Chiller EIR 0.126 to 0.370 7,542.5 31,400 64,000
OFF PROP + Boiler HIR 1.064 to 1.25 7,385.2 30,800 57,300
OFF PROP + lighting 0.34 to 0.9 wft2 76710 32,000 67,300
OFF PROP +window U 0.36 to 0.45 + SHGC 0.23 to 0.40 7,619.0 31,700 61,100
OFF PROP + ERV 7A72.5 31,100 37,400
OFF PROP +shade 6,815.8 28,400 55,000
OFF PROP + chill+ boil+ light+ win+ ERV+ shade *FINAL®  10,962.0 45,700 92,500
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TASK 1.3.5. Evaluate the end-use changes in energy use for the Proposed vs Base Line
simulations of the Office/Retail and Apartment buildings.

In this sub-task an analysis of the changes to the end-use energy use categories was performed as an
additional cross-check to determine how the stated energy efficient design measures were providing the
anticipated savings (Table 1.6).

In Table 1.6 the proposed simulation of the Office and Apartment buildings is compared for each end
use using the ratio (BASE-PROP)/BASE. The analysis shows the following end-use changes:

Office portion of Office/Retail Building
e 65% reduction in the lighting energy end use.
e 53% reduction in the heating energy end use.
e  68% reduction in the cooling energy end use.
e 479% increase in the pumping and auxillary energy end use.
e 22% decrease in the vent and fan energy end use.
e 44% overall site energy use reduction.

Retail portion of Office/Retail building

e 28% reduction in the lighting energy end use.

e 41% reduction in the heating energy end use.

e 56% reduction in the cooling energy end use.

e 2% reduction in the pumping and auxillary energy end use.
e 34% increase in the vent and fan energy end use.

e 30% overall site energy use reduction.

Apartment Building
e 0% reduction in the lighting energy end use.
e 7% reduction misc. equipment energy end use.
e 55% reduction in the heating energy end use.
e 50% reduction in the cooling energy end use.
o 382% increase in the pumping and auxillary energy end use.
e 19% decrease in the vent and fan energy end use.
e 87% decrease in heat pump supplemental energy end use.
e 10% decrease in DHW energy end use.
e 39% overall site energy use reduction.

Tracking the changes to end-use energy throughout the process was a helpful tool in determining which
inputs to change in the proposed simulation files to recreate the base case simulations.
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Table 1.6 Changes to End-use energy use for the Proposed vs Base Case Simulations.

%0Z %0 SolrE- %t %0 %95
8'98¢ oo 6°6FT 56 oo Z0LT
6°95E oo fard13 ra oo 8V8E

%L8 %0 %61 HIBE- %0 %05

E°BEE oo 0619 £94 oo L6Er
05997 oo 8'65L 6°sT oo LESE
%0 %0 T4 %bLtr- %0 %89
oo oo LI'9Er £°05¥ oo 8LVE
oo oo 9°855 gL oo 0°460°T
J1ddns dsia SNV4 Xnv @ 1233y 1000
dinnd’LH 434 IN3A Sdinind IAELNES] 1002°'S

(shfmaw - LioBa1ed) sd3g ui a8uey)

3sva/(doyd-3sva) uononpal usniad
woyung - dOdd NVIIY
wnyung - 35vd IVi3Id

3sva/(doyd-3sva) uononpal usniad
woyung - dOdd 1dv
woyung - 3sve 1dv

3sva/(doyd-3sva) uononpal usniad
woyung - dodd 440
woyung - 35vd 440

uny uonejnuis ASisu3 Bulpjing-ajoym

OAQDA | Task 1 - Final Report | 08-08-19 | Page 21

ENERGY SYSTEMS LABORATORY

TEXAS A&M ENGINEERING EXPERIMENT STATION



DRAFT

TASK 1.4. Calculation of the savings from measures applied to the parking
structure and area lighting.

The individual measures evaluated for the proposed Parking structure of the project and area lighting
included:

Improved parking level lighting. This measure includes the savings from increasing the lighting efficiency
of the parking structure from 0.25 W/ft2 to 0.15 W/ft2, which saves 135,403 kWh per year ($13,540).

Improved parking exhaust fans. This measure includes more efficient control of the exhaust fans in the
parking garage, which maintain safe CO levels while reducing fan energy use. The measure was
estimated to save 149,796 kWh per year ($14,980). This measure complies with Section 6.4.3.4.5,
exception b of ASHRAE Standard 90.1-2010 (shown below):

6.4.3.4.5 Enclosed Parking Garage Ventilation.
Enclosed parking garage ventilation systems shall automati-
cally detect contaminant levels and stage fans or modulate fan
airflow rates to 50% or less of design capacity provided
acceptable contaminant levels are maintained.

Exceptions:

a. Garages less than 30,000 2 with ventilation sysiems
that do not utilize mechanical cooling or mechanical
heating

b. Garages that have a garage area to veniilation system
motor nameplate hp ratio that exceeds 1500 ftmp
and do not utilize mechanical cooling or mechanical
heating.

¢. Where not permitted by the authority having juris-
diction.

Improved exterior lighting. This measure reduces the lighting energy use for the exterior lighting on the
project, which saves 8,322 kWh/yr ($832). This measure is based on the use of energy efficient fixtures
for the following (Source: Dunham Engineering):

e (20) pole lights x 40W = 800W

e (5) decorative suspended fixtures x 100W = 500W
e (50) landscape lights x 10W = 500W

e (75) decorative sconces x 30W = 2250W

e (50) downlights x 15W = 750W

e (40) bollard lights x 20W = 800W

e Total =5,600W

The detailed calculations for these measures are included in Table 1.7 (Dunham Engineering).
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Table 1.7 Estimated savings for parking lighting, ventilation and area lighting (Dunham Engineering).

Dunham/Windsor Conversion Factors
Blended 2016 2GRID RFCW Electricity from
Market Square Source Rate
From prior EPA Portfolio hittps://www.ep: ‘energy/power-profiler
0419171-000-00 Source modeling Manager
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Dioxide |Oxide Dioxide Greenhouse
(NOy) (NO,) (s0,) Gas (GHG)
Annual Unit Site to Source  |Emission [Emission |Emission |Carbon Dioxide [Emissions in
ElectricCost  Conversion Conversion s 5 s (CO,)Emissions |CO;, equivalent
Value $0.10 3.412141286 2.8| 0.019 0.945 1.199] 1243.439) 1251.472|
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Proposed 0.75 CFM/SF Fans 234,[!00‘ 11,700‘ 2 2 7313 88.50% 15 0.0001 24 8,760 13,140 $1,314 [ a4.8 125.5 0.2 124 15.8 16,333 16,444
Proposed 0.05 CFM/SF Fans 234,DDD‘ 175.500‘ 27 BD‘ 3 88.50% 22.8  0.0001 6‘ 2,190 49,932 $4,993 r 1704 477.1 0.9 47.2 59.9 62,087 62,488
Savings 148,796 $14,980 511.1 1431.2 2.8 141.6 179.6 186,262 187,465
% 2 3 @
. v
z § 2 2 =z H
k] ) E | o% g5 & %
o = =] > w = E o —
2 2 > 5 =5 o7
556 = 3 2 g 232 o o 2
8 & &_| =z 3 E 8 52
s £ = 9T 549 = & = = &
2 H LI 2z 2 z e
— 5 o @ €
Sheet Total Savings 3 £Z 35| &2 g8 £2 &
Baseline 584,226 58,423 5,582 11 700 726,450 731,143
Proposed 290,705 29,070 2,777 6 343 361,474 363,809
Savings 293,521 529,352 2804.3 5.6 2774 3519 364,976 367,334
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TASK 1.5. Calculation of the 40 to 60 kW PV installation.

In this sub-task the potential electric power generation from the proposed 40 to 60 kW PV installation
was calculated using the PVWatt Calculator provided by the National Renewable Energy Laboratory —
NREL in Golden, Colorado ( https://pvwatts.nrel.gov/ NREL).

Figure 1.1 below shows a rendering of the Market Square project that shows the proposed location of
the PV panels. In Appendix D, Figure D.1 and Figure D.2 provide screen shots of the PVWatt calculator.

The analysis shows that the calculated electricity production for the 40 kW system would be 51,759
kWh/yr and 77,639 kWh/yr for the 60 kW system with the highest electricity production in the summer
months.

Calculation of energy reductions from the installation of photovoltaic panels was not included in
this Task 1 report.

Figure 1.1: Image of the proposed Market Square project showing the possible photovoltaic (PV) panel installation.
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TASK 1.6. Total project savings: Office, Retail, Apartment, Parking and Area
Lighting and 40 to 60 kW PV installation

The total project savings for the Market Square project are shown in Table 1.8. This table is divided into
the savings estimates for the:

e Office portion of the Office building,

e Apartment building,

e Retail portion that reside below the Office and Apartment buildings,

e Energy efficient lighting in the parking garage,

e Energy efficient ventilation in the parking garage, and

e General area lighting savings.

Total project savings (i.e., Office + Apartment + Retail + Parking-lighting + Parking-ventilation + Area-
lighting) are listed at the bottom of the table.

For each category listed columns are provided for:
e the Basecase design energy use,
e the Proposed design energy use,
e the Energy Savings (i.e., basecase — proposed),
e grid factor (electric or natural gas),
e total site energy savings, and
e total cost savings (using $0.134/kWh and $0.83/therm, site conversion).

The emissions reduction for NOx, SO2 and CO2 are provided in the remaining three columns on the right
side of the table for:

e NOX - Electric conversion: 0.9 Ib/MWh, Natural Gas conversion: 2.2 Ibs/scf*1076

e SO2 - Electric conversion: 1.2 Ib/MWh, Natural Gas conversion: 0.6 Ib/scf*1076

e CO2 —Electric conversion: 1,243.4 Ib/MWh, Natural Gas conv: 120,000 |b/scf*1076

The results show annual savings of:
e Total electricity savings of 2,353.3 MWh (includes grid losses = 4.9%),
e Total natural gas savings of 4,084.5 MMBtu (includes pipeline losses = 5%),
e Total electricity cost savings of $300,606,
e Total natural gas savings of $32,287.

As well as emissions reduction of:
e Total NOx reductions of 2,127 lbs (electric + natural gas),
e Total SO2 reductions of 2,826 lbs (electric + natural gas),
e Total CO2 reductions of 3,399,140 Ibs (electric + natural gas).

These savings represent the calculated annual energy savings and resultant annual emissions reduction,
which do not include savings associated with the embodied energy use. Savings also do not include
electricity production from on-site renewable energy systems (i.e., photovoltaic).
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These savings are based on the following:

Emissions: NOx: Ele: 0.9 lb/MWh, NG: 2.2 Ib/scf*10°6; S0O2: Ele: 1.2 Ib/MWh, NG: 0.6 Ib/scf*10°6;
CO2: Ele: 1,243.4 [b/MWh, NG: 120,000 Ib/scf*10°6
Grid loss for electricity from EGRID, 2016, RFCW region = 1.049
Grid loss for natural gas from R.Webb, University Texas, April 2015 study =1.05
1 therm = 100,000 Btu = 96,525, 1 ¢f = 1,036 Btu
Savings from the use of timber included in EQUEST simulation (base case vs proposed, material prop)
Savings from the proposed PV shown in the Market Square rendering are not included.
1kWh =3,412 14 Biu
50.134/%Wh fram BLS 1-23-2018 report
50.83/therm from BSL 1-23-2018 repart
NOx, 502, CO2 values from 2016 EGRID, RFCW region

NOTE: Differences in the numbers above (from Table 1.8) and the Summary Table provided in the
Executive Summary are due to rounding.

ENERGY SYSTEMS LABORATORY OAQDA | Task 1 - Final Report | 08-08-19 | Page 26

TEXAS A&M ENGINEERING EXPERIMENT STATION

IEES



DRAFT

Table 1.8 Total Project Savings: Office, Retail, Apartment, Parking and Area lighting.

ESTIMATED ENERGY SAVINGS FOR MARKET SQUARE PROJECT

Simulated Market Simulated Market Simulated Grid loss
Sq. Basecase Sq. Proposed Market Sq. factor Energy Savings Energy Cost
Usage (site) Usage (site) Savings (site) (grid) (site+grid) Savings (site)
Ele. ($/kwWh)=
N.G.($/therm)=
OFFICE
Electricity (MWh) 1,404.6 934.3 470.3 1.049 493.3 63,019
Electricity (MMBtu) 4,793.7 3,188.6 1,605.1 1.049 1,683.7
N.Gas (Therm) 73,752.0 36,272.0 37,480.0 1.050 39,354.0 31,108
N.Gas (MMBtu) 7,375.2 3,627.2 3,748.0 1.050 3,935.4
N.Gas (million CF) 7.1 3.5 3.6 1.050 3.8
APARTMENT
Electricity (MWh) 2,814.3 1,607.2 1,207.1 1.049 1,266.3 161,754
Electricity (MMBtu) 9,605.2 5,485.3 4,119.9 1.049 4,321.8
N.Gas (Therm) 14,186.0 12,766.0 1,420.0 1.050 1,491.0 1,179
N.Gas (MMBtu) 1,418.6 1,276.6 142.0 1.050 149.1
N.Gas (million CF) 1.4 1.2 0.1 1.050 0.1
RETAIL
Electricity (MWh) 904.3 631.9 272.4 1.049 285.7 36,502
Electricity (MMBtu) 3,086.2 2,156.9 929.3 1.049 974.8
N.Gas (Therm) - 0.0 [0.0) 1.050 [0.0) (0)
N.Gas (MMBtu) - 0.0 {0.0) 1.050 {0.0)
N.Gas (million CF) - 0.0 {0.0) 1.050 (0.0)
PARKING, lighting
Electricity (MWh) 338.5 203.1 135.4 1.049 142.0 18,144
Electricity (MMBtu) 1,155.0 693.0 462.0 1.049 434.6
PARKING, ventilation
Electricity (MWh) 212.9 63.1 149.8 1.049 157.1 20,073
Electricity (MMBtu) 726.3 215.2 5111 1.049 536.2
AREA lighting
Electricity (MWh) 32.9 24.5 8.3 1.049 8.7 1,115
Electricity (MMBtu) 112.1 83.7 28.4 1.049 29.8
TOTAL
Electricity (MWh) 5,707.4 3,464.1 2,243.3 1.049 2,353.3 300,506
Electricity (MMBtu) 19,478.6 11,822.7 7,655.8 1.049 8,031.0
N.Gas (Therm) 87,938.0 49,038.0 38,900.0 1.050 40,845.0 32,287.0
N.Gas (MMBtu) 8,793.8 4,903.8 3,890.0 1.050 4,084.5
N.Gas (million CF) 8.5 a7 3.8 1.050 3.9
TOTAL [MMBtu)
TOTAL Electricity (MMBtu) 19,478.6 11,822.7 7,655.8
TOTAL Electricity (MMBtu+grid) 20,433.0 12,402.0 8,031.0 1.049 8,031.0
TOTAL Nat. Gas (MMBtu) r 8,793.8 | 2,903.8 3,390.0
TOTAL Nat. Gas (MMBtu+loss) 9,233.5 5,149.0 4,084.5 1.050 4,084.5
TOTAL - Ele + NG (MMBtu) 28,272.4 16,726.5 11,545.8
TOTAL - Ele + NG (MMBtu+grid+loss) 29,666.5 17,551.0 12,115.5 12,115.5
TOTAL - Ele + NG ($) 332,893

NOTE:

Emissions: NOx: Ele: 0.9 Ib/MWh, NG: 2.2 |b/scf*1046; SO2: Ele: 1.2 Io/MWh, NG: 0.6 Ib/scf*1046;

CO2: Ele: 1,243.4 Io/MWh, NG: 120,000 Ib/scf*10%6
Grid loss for electricity from EGRID, 2016, RFCW region = 1.049

Grid loss for natural gas from R.Webb, University Texas, April 2015 study = 1.05
1 therm = 100,000 Btu = 96,525, 1 cf = 1,036 Btu

Savings from the use of timber included in EQUEST simulation (base case vs proposed, material prop)
Savings from the proposed PV shown in the Market Square rendering are not included.

1kwh =3,412.14 Btu

80.134/kWh from BLS 1-23-2018 report
50.83/therm from BSL 1-23-2018 report
NOx, SO2, CO2 values from 2016 EGRID, RFCW region
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Table 1.8 Total Project Savings: Office, Retail, Apartment, Parking and Area lighting (cont).

ESTIMATED EMISSIONS REDUCTION FOR MARKET SQUARE PROJECT

Emissions Emissions Emissions
Reduction: Reduction: Reduction:
NOx 502 co2
Electric s 0.134 0.5 1.2 1,243
N.G. 8 0.830 2.2 0.6 120,000

OFFICE

Electricity (MWh) Electricity (lbs) 444 lbs 592 Ibs 613,413 Ibs

Electricity (MMBtu)

N.Gas (Therm)

N.Gas (MMBtu)

N.Gas (million CF) M.Gas (Ibs) 8.4 lbs 2.3 Ibs 455,838 Ibs
APARTMENT

Electricity (MWh) Electricity (lbs) 1140 |bs 1520 Ibs 1,574,477 Ibs

Electricity (MMBtu)

N.Gas (Therm)

N.Gas (MMBtu)

N.Gas (million CF) N.Gas (Ibs) 0.3 Ibs 0.1 Ibs 17,270 Ibs
RETAIL

Electricity (MWh) Electricity (lbs) 257 lbs 343 Ibs 355,299 Ibs

Electricity (MMBtu)

N.Gas (Therm)

N.Gas (MMBtu)

N.Gas (million CF) N.Gas (lbs) 0.0 |bs 0.0 Ibs (0} Ibs
PARKING, lighting

Electricity (MWh) Electricity (lbs) 128 lbs 170 Ibs 176,606 Ibs

Electricity (MMBtu)
PARKING, ventilation

Electricity (MWh) Electricity (lbs) 141 |bs 189 Ibs 195,383 Ibs

Electricity (MMBtu)
AREA lighting

Electricity (MWh) Electricity (lbs) 8 Ibs 10 lbs 10,855 Ibs

Electricity (MMBtu)
TOTAL

Electricity (MWh) Electricity (MWh) 2,118 Ibs 2,824 Ibs 2,926,032 |bs

Electricity (MMBtu)

N.Gas (Therm)

N.Gas (MMBtu)

N.Gas (million CF) N.Gas (Ibs) 9 Ibs 2 |bs 473,108 Ibs

TOTAL (MMBtu)
TOTAL Elec+N.G. 2,127 Ibs 2,826  lbs 3,399,140  Ibs
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Table 1.8 Total Project Savings: Office, Retail, Apartment, Parking and Area lighting (cont).

ESTIMATED EMISSIONS FOR MARKET SQUARE PROJECT (BASELINE)

Emissions Emissions
Reduction: Reduction: Emissions
NOx s02 Reduction: co2
Electric s 0.134 0.9 1.2 1,243
N.G. 5 0.830 2.2 0.6 120,000

OFFICE

Electricity (Mwh) Electricity (Ibs) 1,326 Ibs 1,768 Ibs 1,832,006 Ibs

Electricity (MMBtu)

N.Gas (Therm)

N.Gas (MMBtu)

N.Gas (million CF) N.Gas (lbs) 16 Ibs 2 Ibs 896,934 Ibs
APARTMENT

Electricity (Mwh) Electricity (lbs) 2,657 Ibs 3,543 Ibs 3,670,790 Ibs

Electricity (MMBtu)

N.Gas (Therm)

N.Gas (MMBtu)

N.Gas (million CF) N.Gas (lbs) 3 Ibs 1 Ibs 172,532 Ibs
RETAIL

Electricity (MWh) Electricity (lbs) 854 Ibs 1,138 Ibs 1,179,503 Ibs

Electricity (MMBtu)

N.Gas (Therm)

N.Gas (MMBtu)

N.Gas (million CF) N.Gas (lbs) - Ibs - Ibs - Ibs
PARKING, lighting

Electricity (MWh) Electricity (lbs) 320 Ibs 426 Ibs 441,521 Ibs

Electricity (MMBtu)
PARKING, ventilation

Electricity (Mwh) Electricity (Ibs) 201 Ibs 268 Ibs 277,649 Ibs

Electricity (MMBtu)
AREA lighting

Electricity (MWh) Electricity (Ibs) 31 Ibs 41 Ibs 42,847 Ibs

Electricity (MMBtu)
TOTAL

Electricity (MwWh) TOTAL  Electricity 5,388 Ibs 7,184 Ibs 7,444,316 lbs

Electricity (MMBtu)

N.Gas (Therm)

N.Gas (MMBtu)

N.Gas (million CF) TOTAL N.Gas 20 Ibs 3 Ibs 1,069,516 Ibs
TOTAL (MMEtu)

TOTAL Elec+N.G. 5,408 Ibs 7,188 Ibs 8,513,832 Ibs
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Table 1.8 Total Project Savings: Office, Retail, Apartment, Parking and Area lighting (cont).

OFFICE
Electricity (MWh)
Electricity (MMBtu)
N.Gas (Therm)
N.Gas (MMBtu)
N.Gas (million CF)
APARTMENT
Electricity (Mwh)
Electricity (MMBtu)
N.Gas (Therm)
N.Gas (MMBtu)
N.Gas (million CF)
RETAIL
Electricity (MWh)
Electricity (MMBtu)
N.Gas (Therm)
N.Gas (MMBtu)
N.Gas (million CF)
PARKING, lighting
Electricity (MWh)
Electricity (MMBtu)
PARKING, ventilation
Electricity (MWh)
Electricity (MMBtu)
AREA lighting
Electricity (MWh)
Electricity (MMBtu)
TOTAL
Electricity (MwWh)
Electricity (MMBtu)
N.Gas (Therm)
N.Gas (MMBtu)
N.Gas (million CF)
TOTAL (MMBtu)

ESTIMATED EMISSIONS FOR MARKET SQUARE PROJECT (PROPOSED)

Electric s
N.G. 3

Electricity (Ibs)

N.Gas (lbs)

Electricity (Ibs)

N.Gas (lbs)

Electricity (Ibs)

N.Gas (lbs)

Electricity (Ibs)

Electricity (Ibs)

Electricity (Ibs)

TOTAL  Electricity

TOTAL N.Gas

TOTAL Elec+N.G.

Emissions
Reduction:
NOx
0.134 0.9
0.830 2.2

882

1,517

597

192

60

23

3,270

11

3,281

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Emissions
Reduction:
502
12
0.6

1,176

2,023

795

79

31

4,361

4,364

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Emissions
Reduction:
coz2
1,243
120,000

1,218,593

441,146

2,096,312

155,262

824,204

264,915

82,266

31,993

4,518,284

596,408

5,114,692

Ibs

Ibs

Ibs

lbs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs

Ibs
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Figure 1.2: US EPA 2016 EGRID for Cleveland, Ohio
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TABLE 14-2. EMISSION FACTORS FOR CRITERIA POLLUTANTS AND GREENHOUSE
GASES FROM NATURAL GAS COMBUSTION®

Pollutant En(l;;s;‘l%% i’g“ Emussion Factor Ratng
co® 120,000 A
Lead 0.0005 D
N:0 (Uncontrolled) 22 E
N:0 (Controlled-low-NOyx burner) 0.64 E
PM (Totaly 76 D
PM (Condensable)* 57 D
PM (Filterable) 19 B
N 06 A
TOC 11 B
Methane 23 B
voc 5.5 C

* Reference 11. Units are in pounds of pollutant per million standard cubic feet of natural gas fired.
Data are for all natural gas combustion sources. To convert from Ib/10° sef to kg/10° m®, nmltiply by
16. To convert from I1b/10° sef to IbMMBru, divide by 1,020, The emission factors in this table may
be converted to other natural gas heating values by multiplying the given enussion factor by the ratio of
the specified heating value to this average heating value. TOC = Total Organic Compounds.

VOC = Volatile Organic Compounds.

¥ Based on approximately 100% conversion of fuel carbon to CO;.  CO;[Ib/10% s¢f] = (3.67) (CON)
(C)(D). where CON = fractional conversion of fuel carbon to CO;, C = carbon content of fuel by weight
(0.76), and D = density of fuel, 4.2x10° Ib/10% scf.

¢ All PM (total, condensible, and filterable) 15 assumed to be less than 1.0 nucrometer in diameter.
Therefore, the PM enussion factors presented here may be used to estimate PMyo, PM: s or PMy
emussions. Total PM 1s the sum of the filterable PM and condensible PM. Condensible PM is the
particulate matter collected using EPA Method 202 (or equivalent). Filterable PM is the particulate
matter collected on, or prior to, the filter of an EPA Method 5 (or equivalent) sampling train.

¢ Based on 100% conversion of fuel sulfur to SO
Assumes sulfur content is natural gas of 2,000 grains/10° scf  The SO: emission factor in this table can
be converted to other natural gas sulfur contents by multiplying the SO; emission factor by the ratio of
the site-specific sulfur content (grains/10% scf) to 2,000 grains/10% scf

Figure 1.3: US EPA 19987 AP-42 Emissions Factors for On-site Natural Gas Combustion.
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TASK 1.8. Identification of limitations and risks that may occur during
construction and operation of the project that may adversely impact
the expected benefits to the State in energy savings and emissions
reductions.

The risks and limitations that may occur during the construction and operation of the project that may
adversely impact the project can be categorized into Design Risks, Construction Risks and Operation
Risks. Each of these categories also include sub-categories of possible reasons why the expected air
pollution benefits might not occur.

1. Changes to the as-built project design that differ from the Schematic Design simulations.
a. Changes to the building envelope (i.e., window area, wall materials, roof materials,
lighting types, etc.)
b. Changes to the building HVAC system (i.e., chiller, boiler, air-handling units).
c. Changes to other building systems (i.e., lighting, elevators, ventilation, pools, etc.)

2. Changes to the actual building compared to the as-built design.
a. Changes to the actual building envelope.
b. Changes to the actual building HVAC system.
c. Changes to the actual other building systems.

3. Changes to the operation of the building that were not simulated by the schematic design
analysis.

a. Differences in the actual building schedules vs the simulated building schedules (i.e.,
occupancy, lighting, equipment, ventilation, etc.).

b. Differences in the actual building equipment vs the as-built design (i.e., HVAC, lighting,
elevators, pools, boilers, chillers, etc.).

c. Allowances for unknown changes to the building that were not anticipated by the
simulation (i.e., building vacancy, aging equipment, shading from new construction (not
previously known).

d. Application for and acceptance of new energy efficient features (i.e., retail space below
the office and apartment complex).

4. Changes to the building operation due to degradation of energy efficient equipment.

a. Changes to the actual building envelope (i.e., deterioration of glazing, insulation, etc.)

b. Changes to the actual building HVAC system (i.e., wear and tear on HVAC equipment)

c. Changes to the actual other building systems (i.e., wear and tear on non-HVAC equip.)

5. Changes to costing of Energy Conservation Design Measures (ECDMs) at varying stages of design
and construction.

a. Differences between costs of ECDMs at Schematic Design, and As-built Costs vs ECDMs
that were simulated.

b. Differences between estimated costs and actual project costs.

6. Changes to the electric utility grid in Ohio.

a. Retirement of older electric power plants and replacement with cleaner-burning plants
(i.e., change to the US EPA Egrid values).

7. Changes to the project design that are required to conform to State, Federal or Local
regulations.
8. Changes to the project cost(s) that impact the performance of the project.

IEES
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APPENDIX

A. Market Square — OAQDA Application for Financing of Air Quality Control Facility — 4/23/2019.
B. Dunham Engineering — Energy Modeling of Market Square re: OAQDA Application

C. Dunham Engineering — MS Schematic EM Files 6 11 2019

D. PVWatt Analysis of 40 to 60 kW system.

E. Reference EUls for comparison
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APPENDIX A.
Market Square — OAQDA Application for Financing of Air Quality Control Facility
-4/23/2019

The Market Square OAQDA Application for Financing of Air Quality Control Facility is a 126 page
document that is presented in eight sections. Of interest to this report is Section three that presents the
Estimated Emission and Energy Reductions. These values represent preliminary estimates of the energy
reductions and emissions reductions that were updated in the 6/11/2019 Dunham Engineering SD
Energy Modeling document and therefore were not used in this analysis.

Figure Al shows the cover page of the report and the table of contents. Figure A2 shows the Market
Square presentation that was presented to the OAQDA Board on March 19, 2019. The images in this
section of the report were used to obtain an overall understanding of the project layout and design.
Figure A3 and A4 show the initial energy savings estimates and emissions reductions that were
presented to the OAQDA Board. These values were updated in the Dunham Engineering SD Energy
Modeling document (Appendix B) and were therefore not used in this analysis.

Total savings in this report are significantly higher than those reported in the Preliminary Engineering
estimate from Harbor Bay due to the use of grid factors, and the inclusion of parking (lighting +
ventilation), area lighting and Retail space.
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Market Square

Ohio Air Quality Development Authority
Application for Financing of Air Quality Control Facility
April 23, 2018

Table of Contents

Harbor Bay Real Estate Advisors
Applicaton

Estimated Emission and Energy Reductions

Mass Timber
SlSection LEED Checkiists
GlSection Economic impact
TlSectio Qa0DA Board Presentation
8lSection SitePlan

Figure Al. Market Square cover page and table of contents.
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POR 3R

Market Square

Anvinvestment in Cleveland, Ohio

March 19, 2019

Lorain Ave. Plaza View
B EEA
Market Square

Figure A2. Market Square rendering.
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Market Square
Reduction of annual nitrous oxide

Source: Dunham Associates, February 2019 - Randy Olson, PE, LEED AP BD:C. and Paul Riemer, PE

Market Square

Reduction of annual sulfur dioxide

S3rTe [Lnnam ARocises, Fetrany 30 - Eundy O, PF,LEFD AP BCre, 5ot Paud Feemar 6

Market Square
Reduction of annual carbon dioxide

4,742,106

ferm T AmSristes Fecrainy 0% - Suncy Qi PE_LEFLAF SCRC nd Paud Fesmer PE

Figure A3. Emissions reduction reported in Market Square Application, 4/23/2019.
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Market Square
Annual energy costs

$202,932

e [ aT Amocisie Feoraw @1 - Swndy Chon, R LEED AP 800 snd Pawl Fesmer PR

Market Square
Annual energy consumption

wouroe: [ninsm smocivies Feorass i1 - Swndy Jlaon, FE LEET AR 802, snd Pavd Reemwr PR

Figure A4. Annual Energy Costs and Annual Energy Consumption reported in Market Square Application, 4/23/2019.
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APPENDIX B.
Dunham Engineering — Energy Modeling of Market Square re:
OAQDA Application

The Energy Modeling of Market Square re: OAQDA Application document is a four page overview of the
design and energy modeling Market Square project. This document includes an overview of the project
and specific information about the energy modeling analysis performed by Dunham Engineering. Page
one of the document cites ASHRAE Standard 90.1-2010 (climate zone 5A) as the commercial building
energy code for the project and states that the EQUEST 3.65 (build 7175) was used in the whole-building
energy analysis along with the Cleveland, Ohio TMY2 hourly weather file.

In addition, page one states:

e Schematic level and professional assumptions and simplifications were utilized.
¢ Retail space and sub-surface parking (not defined) were not included in the modeling.
¢ Building energy savings resulting from the use of Mass Timber were not included.

Key parameters regarding the modeling effort were included in a two page table and include:

e Results from the combined annual energy simulations of the base case and proposed Office
building and Apartment building.

e Limited details about the PV installation (i.e., installed field size of 40 to 60 kW is being planned)
including an estimate of 1 to 2% additional savings (i.e., no simulation).

Figures B1 — B4 contain the Dunham Engineering Schematic Design (SD) Modeling Report document that
was used in this analysis.
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DUNHAM A
Energy Modeling of Market Square re OAQDA Application

Background

Harbar Bay Real Estate Adwisors (Harbor Bay) s proposing todevelop the Market Square mixed-use
devalopment in Cleveland, Ohio. Hartshorne Plunkard Architecture (HPA) is the architect of record for Market
Square. Dunham was challenged to develop MEP system options by Harbor Bay to achieve profound
aperational effickencies that would complement the embodied energy and carbon sequestrabion imharent within
the use of Mass Timbes, These options were analyzed through a schematic energy modeling process in order
o mammize perfermance and reduce pollutants, Dunham was responsible for completing the necessary
energy modeling and analysis included within the OACDA application, The use of Mass Timber is a key
struciural and design feature of Market Square.

Although Dunbam wall continue to support Market Square, ather entities are advancing the MEP design.
These firms wil serve as engineers of record,

Analysis to Date

Initially, Dunham was tasked with performing a schematic round of energy modeling to evaluate design options
and project energy and greenhouse gas emissions savings compared to a minmally code comphant design.
This medeling was updated on 6/11/201 9 to reflect the most current architectural metrics, nchedng
additional ressdential areas that were notenvisioned and not included withan the inifial madels. Thes amounted
o an increase of over 209 to the area included in the model, Since all of the area increase was in the
remdential porbon of the building, and that portion is an all-electric system, electric consumption increased
disproportionately. The applicable energy code is the 2012 IECC which allows 90.1-2010 as a compliance
path, Cleveland, Ohio is located in chimake zoms 54 and the Cleveland OH TMY 2 weather file was utilized.
Dunham conducted thair analysis using eCluest version 3,65 build 7175 with DOEL2, Schematic kevel and
pratessional assumpbions and smplificabons were ubilized,

As is a common industry practice, the retail space and sub-surface parking were not incorporated withn the
energy modeling completed by Dunham., Regardbess, these two companents are being designed to achieve
reductions in energy consumplion with a focus on sustanable building practices. Additonally, the model does
mot include the anticipated building energy savngs resulting from the wuse of Mass Timber as stated withen the
two Mass Timber-related studies that were included within Market Square's Application for Financing of Air
Cruality Conlrol Facility that was submitted on Apeil 23, 2018,

The following table shows the key parameters of that modeling effort,

50 Sauth Swth Street / Sute 1130 ! Mnneapolis, Minnescta B5402-1540 PHONE®S12.485.7550 FAX&12.485.7551 WER durhameng.cam

Figure B1. Dunham Engineering SD Energy Modeling Report (6/11/2019), page 1.

ENERGY SYSTEMS LABORATORY OAQDA | Task 1 - Final Report | 08-08-19 | Page 41

TEXAS A&M ENGINEERING EXPERIMENT STATION

EEE




DRAFT

Ky Para

Usage Residential

Area 243,600

i of Floors [

Fleor To Floor Height 115

Ave. Floor Plate Area 2,700 40,600

Parameter Baseline | Proposed Design Baseline Proposed Design

File name root M5 Off Base ME Off Prop M5 Apl Base ME Apt Prop
Envelope

Interior Floor Description Average 25" [Average 2.5" Average 2.5% Awerage 2.5"
Concrete Concrete Concrete Concrete
Topping on Tapping on 5 Topping on Topping on 5"
Corrugated CLT Corrugated Steel |CLT
Steel Decking Decking
Roof Description Insulation Insul athon Insulation Insulation
Entirely Above |Entirely Above |Entirely Abowe |Entirely Above
Deck Deck Deck Dedk
Roof Insulation hr-sf-F/Btu |R-20ci R-25ci f-20ci R-25cl
‘Wall Description |5r.eel framed  [Steel framed Steel framed Steel framed
‘Wall Insulation hr-sf-F/Btu |R-13+ R-7.54  |R-13 + R-20c R-13 + R-7.5¢ f-13 + R-10ci
‘Window to Wall Ratio k] A ES%) A0 B
Window Description Fleed Fined Operable Operable
Window COG U Bru/hr-si-F |M/A 0I5\ NfA 0.25
Window Assembly U Bruhr-sf-F 0.35| o4
‘Window SHGC Unitless s (]
Window VLT % M/ A% MY 4%
Exterior Shading Mone From Terraces No eredit taken
Terrace Floors Thermally Thermally Thermally
Separated Separated Separated

Skylights Manie Mg Nione

Figure B2. Dunham Engineering SD Energy Modeling Report (6/11/2019), page 2
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Key Para
Usage Office

Lighting |
Interior LPD 0.9

Daylighting Proposed = Code None
Wac / Do Sensor Proposed = Code None

Plug Loads

Proposed = Code

Reduction due to
energy effident
appliances.

Space distribution

Conventional
WA boxes with
Hot Water
Reheat

Fan powered
‘terminal unit
with heating and
sensible cooling
colls. AKA
CoolSense

Alr Cooled VRF

Terminal Fan

/A

Integral ECM Fan

Irmproved Power

Central Alr Unit

VAN AHLU with
cooling and

VAV DOAS with
Heat Recovery

DOAS w Heat
Purmp & Heat

and violurne
controlled by
rone demand
controlled
ventllation.
Waterside
Conventional |Condensing
Matwral Gas Natural Gas
Boilers at 8% |Boilers at 92%
effidency efficiency

Air cooled Magnetic Bearing
chillers Centrifugal
Water Cooled
Chillers and

Drycoolers

heating coils Recovery

Airside

Economizer
Central Heating Plant

Load Reduction
due to low flow
fixtures and
energy effident
appliances.

Figure B3. Dunham Engineering SD Energy Modeling Report (6/11/2019), page 3.
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Annual Consumption of Office & Apariments

Electnc
Consumption
{kWWh)

Matural Gas
Consumption
{mmBtu)

Total Energy
Consumption
{mmBtu)

Energy Code Compliant Baseling

4,718,879

5794

23,189

Proposed

3,541,460

4,804

13,575

&vinaa

1,677,410

3,800]

5,613

% Savings

40%

ETER|

41%

Annual Emissions of Office & Apariments

MNitrous
Dioxide
(M2} {
Emissiona
{lbs)

Mitrous
Chicle

Emigsiona
{lexs)

M)

Suffur
Dioxide
(S02)
Emigsiona
(o)

co2
Emissions
{los)

GHG
COZeq
Emissians
{Ios)

[Energy Code Compliant Baseline

B21

3,088.5

5,056.4

5,274,590

6,308,458

Proposed

494

2 4028

3,047.2

3,733,798

3,754,754

Savings

327

1,586.00 20

13| 2,540,801

2,554,704

% Savings

0%

a0

a0

A%

40%

Photovoltaic Installation

Harbor Bay is committed to incorporating photovoltaic panels info this project, with an installed field size of

between 40EW and 80 kW s being planned, This installation will further drop our source energy

consumption and carbon impact even mare. The extent of this contribution will be wetted out as design
progresses, but it could reduce the factors that directly impact air quality by an additional 19 to 2%,

Figure B4. Dunham Engineering SD Energy Modeling Report (6/11/2019), page 4.

IEES

ENERGY SYSTEMS LABORATORY

TEXAS A&M ENGINEERING EXPERIMENT STATION

OAQDA | Task 1 - Final Report | 08-08-19 | Page 44




DRAFT

APPENDIX C.
Dunham Engineering — MS Schematic EM Files 6 11 2019

The MS Schematic Energy Modeling (EM) Files were received on June 11, 2019, from Dunham
Engineering and include the following files:

Table C1. Simulation Files Received from Dunham Engineering.

File Name File type Description

MS Apt Base — Baseline Design .SIM file EQUEST output file of the baseline Apartment building
MS Apt Base .INP file EQUEST input file of the baseline Apartment building
MS Apt Base .PD2 file EQUEST log file of the baseline Apartment building

MS Apt Prop — Baseline Design .SIM file EQUEST output file of the proposed Apartment building
MS Apt Prop .INP file EQUEST input file of the proposed Apartment building
MS Apt Prop .PD2 file EQUEST log file of the proposed Apartment building
MS Off Base — Baseline Design .SIM file EQUEST output file of the baseline Office building

MS Off Base .INP file EQUEST input file of the baseline Office building

MS Off Base .PD2 file EQUEST log file of the baseline Office building

MS Off Prop — Baseline Design .SIM file EQUEST output file of the proposed Office building

MS Off Prop .INP file EQUEST input file of the proposed Office building

MS Off Prop .PD2 file EQUEST log file of the proposed Office building

MS RETAIL Base — Baseline Design .SIM file EQUEST output file of the baseline Retail building

MS RETAIL Base .INP file EQUEST input file of the baseline Retail building

MS RETAIL Base .PD2 file EQUEST log file of the baseline Retail building

MS RETAIL Prop — Baseline Design .SIM file EQUEST output file of the proposed Retail building

MS RETAIL Prop .INP file EQUEST input file of the proposed Retail building

MS RETAIL Prop .PD2 file EQUEST log file of the proposed Retail building

These files are the EQUEST (version 3.65) files that were used to simulate the annual energy use of the
proposed Apartment and Office buildings at the Market Square Project.

The “.INP” files are the ASCIl input files for the EQUEST program. These files can be viewed in a text
editor (set to 80 character display). These input files contain the detailed information about the Office
and Apartment buildings that is read by the EQUEST program for the simulation.

The “.SIM” files are the ASCII output files from the EQUEST program that can be viewed in a text editor
(set to 132 character display). These output files contain the detailed results of the simulation of the
Office and Apartment buildings.

The “.PD2” files are the log files that are produced by EQUEST that contain information about each
simulation.

Figure C1 shows an example of the EQUEST simulation program’s .SIM output file that was produced for
each run of the simulation. This file consists of 1,604 pages of formatted ASCII TEXT output that
describes the input values provided in the simulation .INP file, default values, results of the simulation
and pages of hourly output values for pre-selected parameters.

In Figure C1 the Building Energy Performance Summary (BEPS) page is shown. This page was used to
extract the on-site energy use values for the simulation (MBtu and Btu/Ft2). The Building Energy
Performance Units (BEPU) page (not shown) was used to extract the output results in kWh (electricity)
and therms (natural gas).

IEES
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Figure C2 shows an example of the EQUEST input file that is used for each simulation. These ASCII TEXT
input files are generated by the EQUEST simulation Graphical User Input (GUI) when the simulation was
created by Dunham Engineering. The (4) input files (apx 68 pages for each simulation) for the base case
and proposed simulations of the Office and Apartment buildings were carefully edited and resimulated
to provide the results for this report. Separate folders were created for each case simulated to avoid
over-writing the files upon execution.

Figure C4, C5 and C6 shows “views” of the simulation input files in the EQUEST program for the Office
building (Figure C4), Apartment building (Figure C5) and Retail building (Figure C6). In these figures the
Base case (upper) and Proposed (lower) images are shown. In Figure C4 it can be seen that the Office
building consisted of 4 floors for the simulation. The square lower floor was used as a fictitious zone for
calculating the impact of heating and cooling the incoming outside air during all seasons of the year. The
volume of this zone was used by the simulation program for determine the calculation.

The input file contained one ground floor, one intermediate floor and one top floor to simplify the
analysis (common practice). In order for the results to match the 9 floors of the Office building and the 6
floors of the Apartment building, the results from the intermediate floor were multiplied by the
appropriate values.

Several features from these views were useful in the analysis. For example, in the lower view of Figure
C4 the shading on the Proposed simulation model can be clearly seen when compared to the base case
simulation (upper image). Also, the increased window area becomes evident when viewing these images
side-by-side. In addition, the light grey lines in the images represent the thermal zoning of the
simulation.

Figure C3 provides an example of the EQUEST .PD2 log file that is produced by EQUEST for each run of
the simulation. This file contains useful information about each simulation.

Figure C6 provides a view of the EQUEST simulation input for the Retail space. This view appears
different than the views for the Office and Apartment buildings because of the use of an equivalent
thermal model that is a reasonable approximation of the thermal characteristics of the building.
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INFUT .. HOLIDAYS = "Standard US Holidays"

Zbort, Diagnestics

FROJECT-DATA

§
§ H Materials / Layers / Constructicns
H Global Parameters §
"EL3EWall Cons Mat 2 (6.9)" MATERTAL
T RESISTANCE
RESISTANCE 6.9
§ ..
§ Title, Run Periods, Design Days, Holidays "EL3Roof Cons Mat 4 (2.8)" = MA
§ RESISTANCE
RESISTANCE 2.8
TITLE -
LINE-1 = M5 Apt Prep* "EL3IWall Cons Mat 2 (0.91)" = MATERTAL
- T RESISTANCE
RESISTANCE .81
“Entire Year" = .
“EL3UFlr Cons Mat 1 (17.44)" = MATERTAL

RESISTANCE
17.44

T
RESISTANCE

"EL4EWall Cons Mat 2 (2.6)"

T
RESISTANCE

"EL4UFLr Cons Mat 1

"Standard U Holidays™ = HOLIDA T
LIBRARY-ENTRY "US" RESISTANCE
"ELSEWall Coms Layers” = LAYERS
i MATE] = ( "1/4in Spandrel Glass", "Polyiscoyanurace 1
s Cempliance Data 1/21n7,
¢ "EL3EWall Cons Mat 2 (6.3)", "GypSd 1/2in (G201]" )
"EL3Reof Cons Layers” = LAYERS
MATERTAL { "Blt-Up Roof 3/8in (BROL)™, "Polystyrens 5in B—
M 5/in",
6 Site and Building Data "Blywd 5/Bin (FW04)", "EL3Roof Cons Mat 4 (2
s "GypBd 5/EIn (GR0Z)" )
"Site Data” = 3ITE-PARRMETERS "EL3Ceilg Cons Layers” = LAYERS
ALt =70 MRTERTAL = ( "Gypsd 5/3in (6E02)" )
"EL3THall Cons Layers” = LAYERS
"Building Data" = BUILD-PARAMETE]
MATERT] = [ "GypBd 1/2in (GPO1)", "EL3IWall Cons LAVERS = "EL3IW21l Cons Layers®
(0.91)", ..

"GypBd 1/2in (GFO1)" )

CONSTRUCTION
YERS

L
EL3IFlr Cons Layers”
HW 1401b 4in (HF-C5)", "Conc LW 301b 3in",

CONSTRUCTION
RS

EL3GFlr Cons Layers”

LAYERS
"ELSUFLr Cona M:
6in (HF-C13)",

r Cons Layer
MATERIAL
"Conc HW 1401

1 (17.44),
Carpet & Fiber Pad (CBO1}" )

CONSTRUCTION

B

.. LAYERS
"EL4EWa, EL3IFlr Cons Layers”

MRTERT;

Cons Layers” = LAVERS
= ( "Stucco 1in (SCD1)", “Insul Bd 3
AEWall Cons Mav 2 (8.6)", "GypBd 1/2in (GBO1)

n (INE2)",
)

= CONSTRUCTION

.. LEYERS
"EL4Ceily Cons Layers” = LAYERS EL3GFlr Cons Layers"
MATERTAL =

"AcousTile 1/2in (AC0Z)" )

= CONSTRUCTION
r Cons layers” LAYERS
MATERTAL ( 1401b 4in (HF-C5)", "Carpet & No Pad" ) [
"EL4GE1r Cons Layers” LRVE "EL4EWall Cons Layers”

MATERTAL ( "ELAUFLr Cons Mat 1 (10.47)", ..
"Conc HW 1401k 4in (HF-C5)", "Carpet & No Pad” ) "EL4Ceilg Construc
TYEE

Con;

TRUCTION

. LAYERS
"CLT Inc Flr 1RYERS ELiCeilg Cons layers”

5
in (HF-B9)", "Conc IW 301b 3in",

MRTERIAL o
"Carpet & No Pad" ) CONSTRUCTION
TEICKN ( 0.417, 0.20836 ) LAYERS
. EL4IFlr Cons Layers”
"Base Int Flr Cons Layers" = LAYERS
MRTERIAL K 301b 31n", "Carpet & No Pad" |

CONSTRUCTION
YERS

Conc LW
( 0.2083, 0.20836 )

EL4GFlr Cons Layers”

"EL3EWall ONSTRUCTION NSTRUCTION
TYE RS
LBSORPTENCE EL4IFlr Cons Layers”
RODGHN;
LRYERS L3EWall Cons Layers” NSTRUCTION

YE

NSTRUCTION L4GF1r Cons Layers”

S .

"CLT Int Flr Construction” = CONSIRUCTION
TYEE A

L3Roof Cons Layers” LRVERS

CLT Int Flr Cons Layers”

CONSTRUCTION
AYERS
L3Ceilg Cons Layers”

"EL3Ceilg Construction” = CONSTRUCTION
T 5

LAYERS ns Layers”

"EL3TWall Construction” = CONSTRUCTTON
T = RS

Figure C2. Example EQUEST input file.
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Proj  "MS Apt Base"
ProgramVersion = "eQUEST 3.65.7175"
BDBaseVersion = 25
ProductCode = "eQUEST"
WeatherFile = "TMY2\CLEVELOH.bin"
CreateDate = 1568275478
ModDate = 1568275851
RunDate = 1568275797
LibraryFile = "eQ Lib.dat"
ActiveMode = 1
InterfaceMode = 1
Allowklizard = B
MotProjFile = "MS Apt Base"
InputUnitsType = "English”
OutputUnitsType = "English”
PreviousiName = "MSAB C PTHP Det 40Q - 2"
ProjTreeType[l] = @
ProjTreelD[1] = 16000
ProjTreelabel[1l] = "Project: 'MSAB C PTHP Det 40 - 2'"

DiagData  "Detailed UI DiagData"

FacetColor "By Wall Type"
FacetType = "Walls"
ColorOption = "By Wall Type"

FacetColor "By Construction”
FacetType = "Walls"
ColorOption = "By Construction”

FacetColor  "Uniform"
FacetType = "Windows"
ColorOption = "Uniform”

FacetColor "By Glass Type"
FacetType = "Windows"
ColorOption = "By Glass Type"

Light3D  "Light3D - Default”
Type = "Default”

Light3D  "Light3D - Userl”

Type = "User Defined 1"
e —

Figure C3. Example EQUEST .PD2 log file.
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Color Legend

Exterior Walls
Interior Walls
Roofs
Underground walls
Exterior Floors
Interior Floors
ceilings

Underground Floors

MS Office — Base case (EQUEST view)

Color Legend
Exterior Walls
Interior Walls
Roofs
Underground Walls
Exterior Floors
Interior Floors
Ceilings

Underground Floors

MS Office — Proposed (EQUEST view)

Figure C4: EQUEST views of the MS Office simulation.
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Color Legend
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MS Apartment — Base case (EQUEST view)
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MS Apartment — Proposed (EQUEST view)

Figure C5. EQUEST views of the MS Apartment simulation.
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MS Retail — Base case (EQUEST view)
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MS Retail — Proposed (EQUEST view)

Figure C6. EQUEST views of the MS Retail simulation.
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APPENDIX D.
PVWatts Analysis of 40 to 60 kW system.

The calculation of the 40 to 60 kW PV installation used the PVWatts Calculator provided by the
National Renewable Energy Laboratory — NREL in Golden, Colorado ( https://pvwatts.nrel.gov/
NREL). Figure D.1 and D.2 are screen shots of the PVWatts calculator. Figure D.1 shows the inputs
used for the analysis of the 40 to 60 kW PV system in Cleveland, Ohio, and Figure D.2 shows the
calculated electricity output for the 40 kW (upper) and 60 kW (lower) systems.

The Standard PV system chosen for the analysis uses 15% efficient crystalline silicon panels facing
south that are tilted at 20 from the horizon. It has a 14% system loss, a 1.2 DC to AC size ratio, and
a 96% inverter efficiency.

Figure D.2 shows the calculated electricity production for the 40 kW system would be 51,759
kWh/yr and 77,639 kWh/yr for the 60 kW system with the highest electricity production in the
summer months.

Calculation of energy reductions from the installation of photovoltaic panels was not included in
this Task 1 report.
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PVWatts® Calculator

Cleveland Ohio

» Change Location

My Location

IINREL
HELP | FEEDBACK

RESOURCE DATA

SOLAR RESOURCE DATA

SYSTEM INFO RESULTS

The latitude and longitude of the solar resource data site is shown below, along with the distance between your
location and the center of the site grid cell. Use this data unless you have a reason to change it.

Solar resource

~ N Lat, Lon: 41.49, -81.7
data site

PVWatts® Calculator

My Location C{eve!and Chio

nge Location

Goto

system info

1.2 mi

~iNREL

HELP = FEEDBACK

RESOURCEDATA  SYSTEM INFO RESULTS

SYSTEM INFO

Modify the inputs below to run the simulation

Goto DC System Size (kW): 60 o
resourcs
et Module Type: Standard o
Array Type: Fixed (open rack) (5]
System Losses (%): 14.08 0 Eta‘i-‘iuan-\
Tilt (deq): 20 0
Azimuth (deg): 180 0

Advanced Parameters

RETAIL ELECTRICITY RATE

Draw Your System Goto
PYWatts®

Click below to results

customize your system
on a map. (optional)

S|

»

To autematically dewnload an average annual retail electricity rate for your location, choose a rate type (residential
or commercial). You can change the rate to use a different value by typing a different number.

Rate Type: Residential 0

Rate ($/kWh): 0.114 (i)

Figure D1. Input screens for NREL’s PVWatts Calculator (https://pvwatts.nrel.gov/).
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PVWatts® Calculator :: N R EL

My Locaton | Cleveland Ohio wee | reeeack (G

RESOURCE DATA SYSTEM INFO RESULTS

RESULTS 51,759 wwh/vear*

g Print Results System output may range from 50,170 to 52,955 kWh per year near this location.
GU to Click HERE for more information.
systom ifo Month Solar Radiation AC Energy Value
(KWh / m  day ) (kWh ) (%)
January 2.30 2,489 283
February 3.15 3,041 346
March 434 4,509 513
April 5.21 5,054 575
May 593 5,171 657
June 6.48 5,873 668
July 6.82 6,296 716
August 6.07 5,643 642
September 5.20 4,708 536
October 3.79 3,799 432
Movember 2.67 2,612 297
December 1.82 1,965 224
Annual 4.48 51,760 $ 5,889
PVWatts® Calculator :: NREL

L Cleveland Ohio HELP | FEEDBACK
» Change Location

RESOURCE DATA SYSTEM INFO RESULTS

RESULTS 77,639 wwh vear*

g Print Results System output may range from 75,253 to 79,432 kKWh per year near this location
EU to Click HERE for more information.
system info o
Month Solar Radiation AC Energy Value
( KWh { m? / day ) (kWh ) ($)
January 230 3,733 425
February 315 4,561 519
March 434 6,763 7o
April 521 7,582 863
May 593 8,657 985
June 6.48 8,809 1,003
July 6.82 9,443 1,075
August 6.07 8,465 963
September 5.20 7,062 804
October 379 5,698 648
November 267 3,918 446
December 182 2,947 335
Annual 4.48 77,638 $ 8,836

Figure D2. Output results from NREL’s PVWatts Calculator (https://pvwatts.nrel.gov/).
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APPENDIX E.

Reference EUIs for Comparison

Appendix E provides reference EUIs provided from the 2018 Energy Star Portfolio Manager for
comparison purposes. This was provided to allow for a comparison of the EUIs from the base case and
proposed Market Square development versus the EUIs from the US EPA Portfolio Manager as shown in
the table below. The EUIs from the US EPA Portfolio Manager represent the median value energy use for
buildings with similar functions as those proposed for the Market Square.

Comparison of EUls

RETAIL EPA Port/Man (CBECS enc. mall)

RETAIL BASE - Dunham

RETAIL PROP - Dunham

Difference (Dunham Base-Prop/base)
Difference (EPA-Prop/EPA)

OFFICE EPA Port/Man [CBECS Off)
OFF BASE - Dunham

OFF PROP - Dunham

Difference (Dunham Base-Prop/base)
Difference (EPA-Prop/EPA)

APT EPA Port/Man (CBECS enc. mall)
APT BASE - Dunham

APT PROP - Dunham

Difference (Dunham Base-Prop/base)
Difference (EPA-Prop/EPA)

EUI (Site)
(Btu/ft2-yr)

65,700
56,300
39,400
30%
40%

52,900
50,700
28,400
44%
46%

59,600
42,100
25,300
39%
57%

SOURCE: US EPA Portfolic Manager, August 2013

Source: US EPA Portfolio manager, August 2018.

https://www.google.com/url?sa=t&rct=j&g=&esrc=s&source=web&cd=58&cad=rja&uact=8&ved=2ahUKEwimk8g-

ZPPjAhWDnaOKHTuHDbAQFjAEegQIAhAC&url=https%3A%2F%2Fportfoliomanager.energystar.gov%2Fpdf%2Freference%2FUS%2520National%

2520Median%2520Table.pdf&usg=A0vVaw2 4gole-UcFLf709h7t9n7
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ENERGY STAR"
= PortfolioManagers  Technical Reference

U.S. Energy Use Intensity by Property Type

OVERVIEW

This reference table is designed to help you to compare your property’s energy use to the national median (or mid-
point) energy use of similar properiies.

Benchmarking your Property

When benchmarking in Portfolio Manager, we recommend that you focus on the primary function (or, main activity) in
your building(s). Begin by selecting your primary function from the table below and then enter as few additional use
types as possible. Benchmarking your building using a single use type will most closely approximate how your
building would have been recorded in the reference data survey, and therefore yield the most accurate comparisons
to median performance. In some cases, buildings may have multiple distinctly different uses. For example, an office
and a hotel that share a comman building. In these mixed-use settings, it i appropriate to enter multiple use types.
Definitions of all property types are available at www.energystar. qowPMGlossary.

Using Median Site and Source Energy Use Intensity (EUI)

The national median source EUIis a recommended benchmark mefric for all buildings. The median value is the
middle of the national population — half of buildings use more energy, half use less. The median works better than the
mean (arithmetic average) for comparing relative energy performance, because it more accurately reflects the mid-
point of energy use for most property types.

The table presents the median in both site EUI and source EUI. Site EUI is what you may be familiar with from your
utility bills. Site EUI contains a mixture of what is called primary energy (i.e., a raw fuel like natural gas) and
secondary energy (i.e., a converted product like electricity or district steam). Source energy provides the most
equitable way to combine primary and secondary energy types into a single common unit, ensuring that no building
receives either a credit or a penalty based on its energy source or utility. You can leam more about source energy
and the way it is computed at www energystar gowSourceEneray. We sirongly encourage you to use source EUL

While almost all commercial building types have a nalional Median Source EUI, some (presented in cyan) will also
have a 1-100 ENERGY STAR Score. The score evaluates a building relative to its peers, similar to the median
energy use values, and also adjusts for climate and business activity. You can leam more about the score at:

www energystar gowENERGYSTARScore.

Understanding Reference Data

The right-mast column in the table indicates the reference data source we use to determine the median performance
of buildings in your peer group. To compute the national median, we always rely on nationally representative data.
For the majority of property types, the reference data is from the Commercial Building Energy Consumption Survey
(CBECS). This is a national survey conducted by the U.S. Department of Energy’s Energy Information Administration
(for more information visit: hitp-fwww.eia gov/consumptionicommerciall). Three additional surveys are referenced for
data centers, wastewater treatment plants, and multifamily housing. Additional information on these surveys can be
found in the technical reference document for each property type.

August 2018 L.5. Energy Use Intensity by Property Type Page 1
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e ENERGY STAR®

2 Portfoliolanager® Technical Reference

Broad Calegory Prisnary Function Further Breakdown Source EUl  Site EUI Reference Data Soufce-
(where needed) (kBtuft?)  (kBtuft®) Peer Group Comparison
Ambulatory Surgical Center 1383 620 CBECS - Outpatient Healthcare
Hospita Hospital (General Medical & Surgical]* 4289 2343 Industry Survey
Other/Specially Hospital 4339 206.7 CBECS - Inpatient Healthcare
Medical Office* 1217 512 CBECS - Medical Office
Festhcare Cutpatient RehabilitationPhysical Therapy 1383 62.0 CBECS - Outpatient Healthcare
Residential Care Facility 2132 %0 Industry Survey
Senior Care Communify* 2132 L0 Industry Survey
Urgent Care/CiniciOther Outpabent 1458 45 CBECS - Clinic/Outpatent
Barracks* 1075 579 CBECS - Dormitory
Hotel* 1487 83.0 CBECS - Hotel & Motel/lnn
Multifamily Housing® 1181 586 Fannie Mae Industry Survey
Prizonfincarceration 1564 €23 CBECS - Public Crder and Safiety
LodgingResidential Residence HalllDormitory* 1075 59 CBECS - Dormitory
Residential Care Facility 2132 9.0 Industry Survey
Senior Care Community* 2132 @0 Industry Survey
Single Family Home Ni& MiA None Avallable
Other - Lodging/Residential 1438 836 CBECS - Lodging
Manufacturing/industrial | Manufacturing/industrial Plant WA Ni& None Available
Mixed Use Mixed Use Property 843 and CBECS - Other
Medical Office* 1217 512 CBECS - Medical Office
Office Office* 1164 529 CBECS - Office & Bank/Financial
Veterinary Office 1458 B45 CBECS - Clinic/Outpatient
Parking Parking Ni& MiA None Avallable
August 2018 LS. Energy Use Intensity by Property Type Fage 4
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% ENERGY STAR"

=< PortfolioManager- Technical Reference

Broad Calegory Prisnary Funclion Further Breakdown Source EUl  Site EUI Reference Data Swrce -
(where needed) (kBtwft?)  (kBtufi?) Peer Group Comparison
Ambulatory Surgical Center 1383 620 CBECS - Qutpatient Healthcare
Hospita Hospifal (General Medical & Surgical)® 42689 2343 Industry Survey
Other/Specialty Hospital 43189 206.7 CBECS - Inpatient Healthcare
Medical Office* 127 51.2 CBECS - Medical Office
Featheare Outpatient RehakilitationPhysical Therapy 1383 620 CBECS - Dutpatient Healthcars
Residential Care Facility 2132 @0 Industry Survey
Senior Care Community* 2132 20 Industry Survey
Urgent Care/Cinic/Other OutpaBent 1458 B45 CBECS - Clinic/Outpatient
Barracks* 1075 LT CBECS - Dormitory
Hotel* 1467 630 CBECE - Hotel & Motellnn
Multifamily Housing* 1181 596 Fannie Mae Indusfry Survey
Pricon/incarceration 1564 B39 CBECS - Public Order and Safety
Lodging/Residential Residence HallDormitory* 1075 578 CBECS - Dormitory
Residential Care Facility 2132 9.0 Industry Survey
Senior Care Community* 2132 w0 Industry Survey
Single Family Home Hia NI& Hone Avallable
Other - Lodging/Residential 1436 816 CBECS - Lodging
Manufacturingindustrial | Manufacturing/industrial Plant NIt N/A Mone Avallable
Mized Use Mixed Use Property 823 401 CEBECS - Other
Medical Office* 117 512 CBECS - Medical Office
Office Officet 1164 529 CBECS - Office & Bank/Financial
Veterinary Office 1458 E45 CBECS - Clinic/Outpatient
Parking Parking NI NI& Mone Avallzble
August 2018 LS. Energy Use Intensity by Property Type Page 4
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ENERGY STAR®

Portfoliol\/lanager® Technical Reference

e
(g7
R

[ENER!

Broad Cat Primarv Function Further Breakdown Source EUl  Site EUI Reference Data Source -
egory ary (where needed) (kBtu/ft?)  (kBtu/ft2) Peer Group Comparison
Courthouse" 2114 1012 CBECS - Courthouse
Drinking Water Treatment & Distribution
(Average EUI presented in Energy per Flow in gallons per day) el — Alesis s slha o
Fire Station 1249 635 CBECS - Fire Station/Police Station
Library 1436 716 CBECS - Library
Mailing Center/Post Office 96.9 479 CBECS - Senvice
Public Senvices Police Station 1249 635 CBECS - Fire Station/Police Station
Prison/Incarceration 156 4 699 CBECS - Public Order and Safety
Social/Meeting Hall 1096 56.1 CBECS - Social/Meeting
Transportation Terminal/Station 1120 562 CBECS - Public Assembly
Wastewater Treatment Plant*
(Average EUI presented in Energy per Flow in gallons per day) 151 289 AWWA - Wastewater Plant
Other - Public Services 893 40.1 CBECS - Other
Religious Worship Worship Facility* 584 305 CBECS - Religious Worship
Automobile Dealership 1241 550 CBECS - Retail other than Mall
_ Convenience Store with Gas Station
Convenience Store = : : 592 6 2314 CBECS - Food Sales
Convenience Store without Gas Station
Enclosed Mall 1707 657 CBECS - Enclosed Mall
Lifestyle Center . )
3 2288 1035 CBECS - Strip Shopping Mall
Retail Mal Stip Ml p Shopping
CBECS - Enclosed Mall and
Other - Mall 2253 1016 Strip Shopping Mall
Retail Store* 1200 514 CBECS - Retail Store
Supermarket/Grocery Store* 4440 196.0 CBECS - Grocery Store/Food Market
Wholesale Club/Supercenter* 1200 514 CBECS - Retail Store
August 2018 U_S. Energy Use Intensity by Property Type Page 5
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