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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: 

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

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

 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. 

 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. 

 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: 

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

 Total natural gas savings of 4,085 MMBtu (includes pipeline losses = 5%), 

 Total cost savings of $332,893, 

 Total electricity savings of $300,606, 

 Total natural gas savings of $32,287. 
 

As well as total annual emissions reduction of:   
 

 Total NOx reductions of 2,127 lbs (electric + natural gas), 

 Total SO2 reductions of 2,826 lbs (electric + natural gas), 

 Total CO2 reductions of 3,399,140 lbs (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.  
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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:   

 The use of energy efficient windows,   

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

 Improved boiler and chiller efficiencies, 

 Improved interior, exterior lighting, 

 Shading of the Office building, 

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

 Improved ventilation system (parking), 

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

 

 

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). 

 

http://www.wikipedia.org/
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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. 
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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.  

 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.  

 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) 
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Table 1.2. Analysis of ASHRAE Standard 90.1 Code Compliance (Apartment) 
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Table 1.3. Analysis of ASHRAE Standard 90.1 Code Compliance (Retail) 
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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: 

 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.  

 

 Isolate 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.  

 
 

 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 

 

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

 

 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: 

 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.  

 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.  

 APT PROP + 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.  
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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: 

 RETAIL PROP + H EIR 0.2612 to 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: 

 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: 

 OFF PROP + 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: 

 RETAIL  PROP +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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Table 1.4: Analysis of simulated electricity and natural gas savings from the Proposed Office/Retail and Apartment buildings 
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 EUIs 
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).  
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Table 1.5: Key whole-building Energy Use Metrics for Each Simulation.  
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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 

 65% reduction in the lighting energy end use. 

 53% reduction in the heating energy end use. 

 68% reduction in the cooling energy end use. 

 479% increase in the pumping and auxillary energy end use. 

 22% decrease in the vent and fan energy end use. 

 44% overall site energy use reduction. 

 
Retail portion of Office/Retail building 

 28% reduction in the lighting energy end use. 

 41% reduction in the heating energy end use. 

 56% reduction in the cooling energy end use. 

 2%   reduction in the pumping and auxillary energy end use. 

 34% increase in the vent and fan energy end use. 

 30% overall site energy use reduction. 

 
Apartment Building 

 0% reduction in the lighting energy end use. 

 7% reduction misc. equipment energy end use. 

 55% reduction in the heating energy end use. 

 50% reduction in the cooling energy end use. 

 382% increase in the pumping and auxillary energy end use. 

 19% decrease in the vent and fan energy end use. 

 87% decrease in heat pump supplemental energy end use. 

 10% decrease in DHW energy end use. 

 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. 
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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): 

                       

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): 

 (20) pole lights x 40W = 800W 

 (5) decorative suspended fixtures x 100W = 500W 

 (50) landscape lights x 10W = 500W 

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

 (50) downlights x 15W = 750W 

 (40) bollard lights x 20W = 800W 

 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). 
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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.  



 OAQDA | Task 1 - Final Report | 08-08-19 | Page 25 

DRAFT  

 

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: 

 Office portion of the Office building,  

 Apartment building,  

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

 Energy efficient lighting in the parking garage,  

 Energy efficient ventilation in the parking garage, and 

 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: 

 the Basecase design energy use, 

 the Proposed design energy use, 

 the Energy Savings (i.e., basecase – proposed), 

 grid factor (electric or natural gas), 

 total site energy savings, and 

 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: 

 NOX  - Electric conversion:  0.9 lb/MWh, Natural Gas conversion:  2.2 lbs/scf*10^6 

 SO2  - Electric conversion: 1.2 lb/MWh, Natural Gas conversion: 0.6 lb/scf*10^6 

 CO2 – Electric conversion: 1,243.4 lb/MWh, Natural Gas conv: 120,000 lb/scf*10^6 
 
The results show annual savings of: 

 Total electricity savings of 2,353.3 MWh (includes grid losses = 4.9%), 

 Total natural gas savings of 4,084.5 MMBtu (includes pipeline losses = 5%), 

 Total electricity cost savings of $300,606, 

 Total natural gas savings of $32,287. 
 

As well as emissions reduction of:   

 Total NOx reductions of 2,127 lbs (electric + natural gas), 

 Total SO2 reductions of 2,826 lbs (electric + natural gas), 

 Total CO2 reductions of 3,399,140 lbs (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: 

 
 
NOTE: Differences in the numbers above (from Table 1.8) and the Summary Table provided in the 
Executive Summary are due to rounding.  
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Table 1.8 Total Project Savings: Office, Retail, Apartment, Parking and Area lighting. 
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Table 1.8 Total Project Savings: Office, Retail, Apartment, Parking and Area lighting (cont). 
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Table 1.8 Total Project Savings: Office, Retail, Apartment, Parking and Area lighting (cont). 
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Table 1.8 Total Project Savings: Office, Retail, Apartment, Parking and Area lighting (cont). 
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Figure 1.2: US EPA 2016 EGRID for Cleveland, Ohio 
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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. 
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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 A1 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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Figure A1. Market Square cover page and table of contents. 
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Figure A2. Market Square rendering.  
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Figure A3. Emissions reduction reported in Market Square Application, 4/23/2019. 
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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: 

• 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: 

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

• 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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Figure B1. Dunham Engineering SD Energy Modeling Report (6/11/2019), page 1. 
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Figure B2. Dunham Engineering SD Energy Modeling Report (6/11/2019), page 2
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Figure B3. Dunham Engineering SD Energy Modeling Report (6/11/2019), page 3. 
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Figure B4. Dunham Engineering SD Energy Modeling Report (6/11/2019), page 4. 
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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 ASCII 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). 
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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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Figure C1. Example EQUEST BEPS output file. 
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Figure C2. Example EQUEST input file. 
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Figure C3. Example EQUEST .PD2  log file. 
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MS Office – Base case (EQUEST view) 

 

 
MS Office – Proposed (EQUEST view) 

Figure C4: EQUEST views of the MS Office simulation. 
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MS Apartment – Base case (EQUEST view) 

 

 
MS Apartment – Proposed (EQUEST view) 

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

 

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

 

Source: US EPA Portfolio manager, August 2018. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=2ahUKEwimk8q-
zPPjAhWDna0KHTuHDbAQFjAEegQIAhAC&url=https%3A%2F%2Fportfoliomanager.energystar.gov%2Fpdf%2Freference%2FUS%2520National%
2520Median%2520Table.pdf&usg=AOvVaw2_4goIe-UcFLf7o9h7t9n7 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=2ahUKEwimk8q-zPPjAhWDna0KHTuHDbAQFjAEegQIAhAC&url=https%3A%2F%2Fportfoliomanager.energystar.gov%2Fpdf%2Freference%2FUS%2520National%2520Median%2520Table.pdf&usg=AOvVaw2_4goIe-UcFLf7o9h7t9n7
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=2ahUKEwimk8q-zPPjAhWDna0KHTuHDbAQFjAEegQIAhAC&url=https%3A%2F%2Fportfoliomanager.energystar.gov%2Fpdf%2Freference%2FUS%2520National%2520Median%2520Table.pdf&usg=AOvVaw2_4goIe-UcFLf7o9h7t9n7
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=2ahUKEwimk8q-zPPjAhWDna0KHTuHDbAQFjAEegQIAhAC&url=https%3A%2F%2Fportfoliomanager.energystar.gov%2Fpdf%2Freference%2FUS%2520National%2520Median%2520Table.pdf&usg=AOvVaw2_4goIe-UcFLf7o9h7t9n7
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