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DISCLAIMER



Results of this analysis are based on the professional judgment of Stantec Consulting to estimate the cost effectiveness of prescriptive code compliance using the prescriptive compliance paths of ASHRAE 90.1 (2010) and the NECB standards. Additional work is ongoing to analyze trade-off compliance options that may influence the comparative net benefits of the two standards and reduce the optimized cost of achieving code compliance.



Updates to the current Report



This report has been updated from the previous report (Dated March 31, 2012) to reflect the following changes:  Use of consistent ventilation standards across all energy codes  Revisions to the building envelope assemblies and performance characteristics
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Executive Summary



Stantec Consulting Ltd. and sub-consultant BTY Group were contracted by the Ministry of Energy and Mines, Province of British Columbia to develop a comparative case study of specific energy codes. This report summarizes the methodology, results, and conclusions, associated with the study. The purpose of the report is to determine the difference in energy, emissions, and financial performance associated with the adoption of two different building codes relative to the current code (ASHRAE 90.1-2004) in BC. Alternatives analysed include the prescriptive compliance paths of ASHRAE 90.1-2010 and NECB-2011. Energy savings are shown visually in Figure 1. The analysis included comparison of three (3) building archetypes in three (3) BC climate types with three (3) possible compliance paths (the codes noted above). Based on prescriptive compliance the study shows that both standards offer opportunities to realize significant energy improvements and GHG reductions with a roughly comparable payback period. Each standard offers cost and performance advantages over the other for certain types of buildings.



Figure 1: Percentage Energy Savings over ASHRAE 90.1-2004 (%)
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Energy savings range from 8% for the Mid-Rise Residential up to 35% for the Mid-Rise Commercial. GHG Emissions Average GHG emission reductions are 15% and 16% for ASHRAE 90.1-2010 and NECB-2011 respectively. GHG emission reductions range from 4% (0.3 kgCO2e/m2/year) to 38% (3.1 kgCO2e/m2/year) for ASHRAE 90.1-2010 and from 8% (0.4 kgCO2e/m2/year) to 38% (3.1 kgCO2e/m2/year) for NECB-2011. Figure 2 summarises the GHG emissions results.



2



Figure 2: GHG Emissions Comparison (kg CO2e/m /year)



Simple Payback Analysis Table 1 and Figure 3 summarizes the financial performance in terms of simple payback. The simple payback ranges from less than 1 year to 26 years for ASHRAE 90.1-2010. The simple payback for NECB-2011 ranges from 2 years to 27 years. Big box retail has the longest payback and its financial performance is dominated by the cost of additional roof insulation due to its size and heat recovery ventilation.



E.2



hi c:\users\ihood\desktop\bcbc update\rpt01_bc_energy_code_comparison__update_201201018.docx



BC ENERGY CODE COMPARISON (FINAL REPORT) EXECUTIVE SUMMARY October 18, 2012



Table 1: Simple Payback (Years)



Archetype



Mid-Rise Residential w/CRUs



Mid-Rise Commercial



Big Box Retail



Climate Region



Simple Payback (Years) ASHRAE 90.1NECB 2011 2010



South Coast (Vancouver, BC)



6



4



Interior (Kamloops, BC) North (Prince George, BC) South Coast (Vancouver, BC) Interior (Kamloops, BC) North (Prince George, BC) South Coast (Vancouver, BC) Interior (Kamloops, BC) North (Prince George, BC)



4 


7 8 2 3 5 19 27 23



Figure 3: Simple Payback Comparison (years)
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Abbreviations and Nomenclature



ASHRAE



American Society of Heating, Refrigeration and Air-Conditioning Engineers



ASHRAE 90.1



Energy Standard for Buildings Except Low-Rise Residential Buildings An ASHRAE standard used to define minimum energy performance



ASHRAE 62



Ventilation for Acceptable Indoor Air Quality (IAQ) An ASHRAE standard used to define minimum IAQ requirements



Baseline



In this report Baseline (for example, Baseline energy model) refers to the baseline against which code upgrades are analyzed; in other words, the existing buildings.



CFM



Cubic feet per minute (a measure of airflow)



CO2



Carbon Dioxide



CO2e



Carbon Dioxide Equivalent Describes how much global warming a given amount of any greenhouse gas may cause, using as the reference the functionally equivalent amount of carbon dioxide (CO2)



Commercial Sector



For the purpose of this report the Commercial Sector refers to commercial buildings (including MURB’s)



CWEC



Canadian Weather for Energy Calculations



DDC



Direct Digital Control Computerized control system used in buildings to control the mechanical systems



DHW



Domestic Hot Water



ECB Method



Energy Cost Budget Method The ECB method of ASHRAE standard 90.1 provides a whole-building analysis method for demonstrating compliance with the standard that allows greater design flexibility than the other compliance paths.



EF



Emission Factor An emission factor is a measure of the GHG emissions emitted per unit of energy consumption. Typical units include gCO2e/GJ and gCO2e/kWh



EUI



Energy Utilization Intensity EUI is a measure of annual energy consumption per unit area (with typical 2 2 units such as kWh/m /year and GJ/m /year), and provides a means of comparing energy consumption across different buildings regardless of floor area



eQUEST



The energy simulation software used in this study
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GHG



Greenhouse Gas Greenhouse gases (GHGs) absorb and emit radiation within the thermal infrared range, and are the fundamental cause of the greenhouse effect. The primary greenhouse gases in the Earth’s atmosphere are water vapor, carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and ozone.



GJ



Gigajoule (10 joules)



HDD



Heating degree day (HDD) is a measurement designed to reflect the demand for energy needed to heat a building in a specific location, defined relative to a base temperature. HDD18 for example is relative to a base temperature of 18°C (65°F)



HVAC



Heating, Ventilation and Air Conditioning



kT



Kilotonne (1,000 tonnes)



kWh



Kilowatt-hour, a common measurement of energy consumption



LPD



Lighting Power Density LPD is a measure of the installed lighting power (wattage) in a particular 2 2 building or space on a per unit area basis. Typical units are W/m and W/ft .



MT



Mega tonne (million tonnes)



MURB



Multi-Unit Residential Building



MW



Megawatts (million Watts)



R-Value



A measure of the resistance to heat transfer of an envelope assembly.



SHGC



Solar heat gain coefficient This unitless factor is a measure of the solar radiation that directly enters a building through a window compared to the total solar insolation (the amount of radiation that the window receives)



SWH



Service Water Heating



U-factor



A measure of the heat conductance through a window (inverse of resistance).



VAV



Variable Air Volume VAV is conventional type of HVAC system that responds to changing heating and cooling demands within the spaces it serves by varying a combination of air volume and/or supply air temperature.



VSD



Variable Speed Drive describes equipment used to control the speed of motors (such as pump and fan motors); when conditions demand adjustment of flow from a pump or fan, varying the speed of the drive can save energy



vi
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Introduction



1.0



Stantec Consulting Ltd. and sub-consultant BTY Group were contracted by the Ministry of Energy and Mines, Province of British Columbia to develop a comparative case study of specific energy codes. This report summarizes the methodology, results, and conclusions associated with the study.



1.1



BACKGROUND



The 2007 Throne Speech committed to developing new green requirements for the British Columbia (BC) Building Code to support the Province’s commitment to reduce greenhouse gas emissions and increase the energy efficiency of buildings. In response to this commitment, the Province introduced new energy efficiency requirements unique to the BC Building Code in September 2008. The new code provisions are applicable to all new construction and renovations in BC and require that Part 3 buildings meet the ASHRAE 90.1-2004 standard. The Province is researching opportunities to achieve further energy savings in BC buildings. Energy standards that the Province may consider adopting include ASHRAE 90.1-2010 and the National Energy Code for Buildings 2011 (NECB-2011). This study supports that research.



1.2



CONTEXT



A number of similar relevant studies have been completed, or are underway, that are worth noting. 1.2.1



National Research Council



The National Research Council (NRC) has completed extensive analysis of the NECB-2011 as part of their public review process1. Our analysis differs from the analysis completed by NRC (and the consultants they engaged) in a number of fundamental ways, as summarized below. 



Specific archetypes - This study analyzes the impact on whole building performance of specific archetypes, while the NRC analysis reviewed individual component changes independent of building type.



1



Public review documents are available at: http://www.nationalcodes.ca/eng/public_review/2010/proposed_changes.shtml
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Energy Rates – This study used the specific utility rates structures applicable to the project type and location (applied on an hourly basis within the model), while the NRC study used average rates.







Baseline – This study compares to an ASHRAE 90.1-2004 baseline, while the NRC analysis appears to be a mix of comparison to MNECB-1997 and “current practice”. This can have a significant impact, especially for building envelope measures, which experience diminishing returns as the R-value of the baseline increases.



For the reasons outlined above, the results of our analysis are not anticipated to match those of NRC. 1.2.2



City of Vancouver Study



Stantec and BTY are completing a similar study for the City of Vancouver (CoV), to assess the impact of upgrading from ASHRAE 90.1-2007 to ASHRAE 90.1-2010. Our analysis differs from the analysis completed by CoV (and the consultants they engaged) in a number of fundamental ways, as summarized below. 



Archetypes - This study analyzes three (3) archetypes, while the CoV study analyzes seven (7) archetypes and only two (2) of which are similar to this study.







Climate Zone – This study analyzes three different climate regions within BC (south coast, interior and north), while the CoV study is concerned only with Vancouver.







Baseline – This study compares to an ASHRAE 90.1-2004 baseline, while the CoV analysis uses an ASHRAE 90.1-2007 baseline. This can have a significant impact, especially for building envelope measures, as the two codes have different base requirements.



For the reasons outlined above, the results of our analysis are not anticipated to match those of the study completed for the City of Vancouver.



1.3



OBJECTIVE



The objective of the report is to analyse the difference in energy, emissions, and financial performance associated with the adoption of two different building codes (ASHRAE 90.1-2010 and NECB-2011) relative to the current code (ASHRAE 90.1-2004) in BC.



1.4



SCOPE OF STUDY



In order to achieve the above objective, the analysis includes comparison of three (3) building archetypes in three (3) BC climate regions with three (3) possible compliance paths: current



2
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code (ASHRAE 90.1-2004), ASHRAE 90.1-2010, and the NECB-2011. This scope results in 27 scenarios (3 archetypes x 3 climate regions x 3 codes) that are analyzed, compared, and contrasted.



1.5



REPORT STRUCTURE



The remainder of this report is structured into the following sections: 



Section 2.0: Methodology describes the methodology used to complete the study.







Section 3.0: Required Building Upgrades summarizes the upgrades required to comply with the energy standards analyzed.







Section 4.0: Technical Challenges provides a summary of upgrades that are anticipated to create challenges.







Section 5.0: Results and Discussion provides results and discussion of the analysis.







Section 6.0: Conclusions and Recommendations summarizes the conclusions drawn from the results and analysis.







The Appendices include supporting documentation of the inputs and results of the analysis.
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2.0



Methodology



This section provides an overview of the methodology used to complete the analysis. Additional detail is provided in the Appendices.



2.1



REFINING STUDY APPROACH



The impact of adopting an energy code varies depending on factors including the building type, climate zone, building size, choice of mechanical system, and fuel type. As such, analyzing the impact of code adoption requires a number of simplifying assumptions in order to achieve a balance between a realistic characterization of the impacts on new construction in BC, versus cost effective and timely analysis of impacts. The first step was to clarify and confirm the validity (in terms of representing typical construction) of the base assumptions of the archetypes to be studied including the building types, representative locations for each climate region, and representative fuel types. Defining typical construction is a qualitative process. To define typical size, construction practice, and equipment in the building archetypes, a range of resources were consulted and referenced including the following: 1. Building officials and utility account managers in the different climate regions were contacted and interviewed on typical practice in their respective locations, 2. Stantec designers were asked to provide input on typical practices, 3. The BC Hydro Conservation Potential Review (2007) was referenced as a cross check of input assumptions. Defining the specifics of the archetypes was also balanced by a desire to enable comparison across climate zones and building types. For example, the maximum prescriptive glazing percentage is 50% for ASHRAE 90.1-2004 and 40% for ASHRAE 90.1-2010, and 32% for NECB-2011, so a maximum of 32% was used across the codes in order to facilitate direct comparison. A detailed description of the building archetypes is presented in Appendix A: Detailed Inputs and Assumptions. 2.1.1



Building Archetypes



Three (3) building types were chosen, in discussion with the Province2, to represent the types of Part 3 commercial buildings that are most commonly constructed across British Columbia. The



2



In discussion with Jarrett Hutchinson and John Nicol from Ministry of Energy & Mines - Building and Safety Standards Branch
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basic characteristics of each archetype were chosen in an effort to represent typical construction practices (Table 2). Table 2: Summary of Archetypes



Structure Type



# of Storey's



Parking



Total Floor Area (excluding parking)



Mid-Rise Residential w/ Retail Units (Ground Level)



Concrete Retail Units / Wood Superstructure



5



Surface



4,600 sq m. (50,000 sq.ft)



Mid-Rise Commercial Office



Concrete



5



Surface



Big Box Retail Store



Steel Stud



1



Surface



Archetypes



2.1.2



4,600 sq. m (50,000 sq.ft) 9,300 sq. m (100,000 sq.ft)



Climate Regions



Three (3) climate regions were chosen for analysis (Table 3) to capture the major variations in climate conditions across BC, with a focus on the areas that have the greatest proportion of construction. A representative city was chosen for each climate region for the purpose of choosing a specific weather file for analysis. ASHRAE defines 4 climate zones within BC (zones 5, 6, 7 and 8); however, only two of these zones are analyzed (5 and 7), since there is sufficient variation within climate zone 5 to warrant two separate analyses, and there are very few buildings located within zones 6 and 8. The key difference between the South Coast and Interior climate regions, represented by Vancouver and Kamloops respectively, is that there is a broader temperature range in Interior, and therefore cooling is more common in the Interior. The corresponding NECB climate zone for Vancouver is zone 4, and is the same as ASHRAE for the other cities. Table 3: Climate Regions and Representative Locations for Analysis



Climate Region



Representative City



South Coast



Vancouver



Interior North



Kamloops Prince George



Heating Degree Days (18°C) ASHRAE (~3200 HDD) NECB (Less than 3000 HDD) ~3800 HDD ~5300 HDD
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2.1.3



Fuel Types



All buildings are assumed to use electricity and natural gas. Use of fuel oil and propane is limited to smaller communities in BC, where construction of commercial buildings is limited. Therefore, the impact of this simplifying assumption is small. 2.1.4



Mechanical Systems



Table 4 summarizes the mechanical systems for each archetype, which are intended to represent typical construction within each climate region. Table 4: Summary of Archetype Mechanical Systems



Climate Region Archetypes



Mid-Rise Multi Unit Residential w/ Retail Units (Ground Level)



Mechanical Systems Interior



South Coast Residential: Gas-fired Air Handling Units (AHU's) & in suite Electric Baseboards (BB’s)



Residential: Gas-fired AHU's, BB’s, & Packaged Terminal Air Conditioners (PTAC’s)



North



Residential: Gas-fired AHU's & Electric BB’s



Retail: Split System Heat Pumps (SSHP’s) Mid-Rise Commercial Office “Big Box” Store



2.2



Make-up Air Unit (MAU) & Distributed Heat Pumps (HP's) served by Hot Water (HW) boiler and fluid cooler Gas-fired Rooftop Unit (RTU) with Direct Expansion (DX) Cooling



ITEMIZING COMPLIANCE CHANGES



The specific changes between the current energy code (ASHRAE 90.1-2004) and the two energy codes analyzed herein (ASHRAE 90.1-2010 and NECB 2011) were identified by conducting a line by line comparison of the prescriptive compliance requirements. A detailed description of the changes is summarized in Section 3.0.



2.3



TECHNICAL CHALLENGES



The itemized changes required to comply with the upgraded code options are reviewed in order to identify any technical ramifications or challenges that builders or designers may face when buildings that are required to meet ASHRAE 90.1-2010 or NECB-2011.
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2.4



ENERGY MODELING



On the basis of the information collected in the previous steps, Stantec conducted energy modeling to estimate the energy savings from adoption of ASHRAE 90.1-2010 and the NECB2011. This section describes the energy modeling methodology, including software choice, baseline development, and building upgrades to achieve compliance with the proposed codes. 2.4.1



Inputs



The first step was to itemize the inputs for the 27 modeling scenarios (3 archetypes x 3 climate regions x 3 codes) and confirm their accuracy before moving forward. The detailed set of inputs is summarized in Appendix A. 2.4.2



Software



Whole building energy modeling was completed using eQUEST version 3.64 simulation software3. eQUEST is an hourly energy simulation graphic user interface that uses DOE 2.1E as the modeling platform. DOE2.1E was developed by the US Department of Energy and has become an industry standard to demonstrate compliance with codes and standards across North America. It has been extensively tested and its accuracy has been confirmed in accordance with ASHRAE 1404. This tool was chosen over other industry standard tools (such as EE4) because eQUEST has the following advantages:   



Rapid model creation in an efficient and detailed manner; Flexibility to create customized HVAC systems; and Efficient peer review of inputs for quality assurance through use of the 3D geometry and spreadsheet views.



eQUEST simulates energy consumption on an hourly basis, based on a detailed set of inputs that includes the following:       



Climate data Building orientation Building configuration Type of building materials and construction (walls, roof, glazing) Internal lighting types and schedules Heating and cooling loads and schedules Zone temperature set point and schedules



3



eQUEST is a DOE-2 based energy simulation software initially developed jointly by Lawrence Berkeley National laboratory and J.J. Hirsch and Associates, under funding from the U.S. Department of Energy and the Electric Power Research Institute. 4



Standard Method of Test for the Evaluation of Building Energy Analysis Computer Programs
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Terminal equipment characteristics and performance Central system characteristics and performance Energy type and utility cost structure



Figure 4: Screen Capture from eQUEST Model



Figure 4 shows a typical screen shot from the eQUEST mechanical air-side schematic interface. 2.4.3



Climate Data



Climate data used for the energy models is from the Canadian Weather for Energy Calculations (CWEC) files and includes hourly values for many parameters including:      



Dry bulb temperature Dew point temperature Relative Humidity Solar Radiation Wind speed and direction Cloud cover



The climate data (or weather file) used in each simulation is the CWEC file for the representative city chosen for that climate region (Vancouver, Kamloops or Prince George).



8



hi c:\users\ihood\desktop\bcbc update\rpt01_bc_energy_code_comparison__update_201201018.docx



BC ENERGY CODE COMPARISON (FINAL REPORT) Methodology October 18, 2012



2.4.3.1 Energy Pricing Energy pricing for electricity and natural gas was obtained from the utility provider websites. The applicable energy prices vary by city and building type and are shown in detail in Appendix A: Detailed Inputs and Assumptions. The average “blended rate5” and associated carbon tax are summarized in Table 5 in order to provide a summary of the energy prices being applied. Table 5: Average Blended Utility Rates



Fuel Type Electricity Natural Gas



2.4.4



Average Blended Utility Rate



Carbon Tax



$/ekWh



$/GJ



$/GJ



$0.072 $0.030



$20.0 $8.32



$1.49



Approach



The energy models were complete in the sequence summarized by Figure 5. First, one model was built for each of the three archetypes based on one code and one climate region; then those three base models were adjusted to reflect the changes to a second and third code for one climate; and finally minor adjustments were made to each of those 9 models to produce 27 models representing all three climate regions.



Archetype



Code



Climate Climate



South Coast Code Mid-Rise Residential w/CRUs



ASHRAE 90.12004



Interior



Archetype



North



Figure 5: Energy Modeling Approach



5



Blended rate refers to the average unit cost of energy, calculated by dividing the total annual energy cost by the total annual energy consumption for a given fuel type. This takes into account the combined effect of demand changes and stepped rate structures.
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2.4.4.1 Prescriptive Compliance All of the energy models were developed using the prescriptive requirements for each code and acceptable defaults in accordance with typical energy modeling practice for items not specified by the codes (such as schedules). Prescriptive building envelope requirements are determined based on the building’s climate zone classification, whilst mandatory provisions for HVAC performance include minimum system efficiency requirements and control requirements. Lighting requirements are also covered under the prescriptive path and apply to all interior and exterior lighting. Interior lighting requirements are defined by maximum lighting power density6 (LPD) requirements. The spaceby-space method was used, since this is the most accurate means of comparing the particular combination of space uses within a building to an appropriate ASHRAE baseline. Building enclosure requirements were updated in the current study based on review from other consultants. Specifically, it was suggested that the window performance of new construction already exceeds the requirements in either of the proposed codes. Rather that model the impacts of upgraded glazing requirements, the baseline model assumed that windows already exceed the minimum requirements. To a lesser extent, the current model increases the amount of steel stud construction and reduced the portion of mass construction to reflect feedback from industry reviewers. Outdoor air ventilation rates were based on, ASHRAE 62.1-2001 except Addendum N7 across all energy codes. This is a simplification since NECB (through reference to NBC 2010), ASHRAE 90.1-2004 and ASHRAE 90.1-2010 reference different ventilation standards. Previous versions of this analysis included the impacts of different ventilation codes and it was found that in some building types, the impact of different ventilation codes had a larger impact on energy savings that the impact of the different energy code.. The decision to use a consistent ventilation code across all energy codes was made by the client to eliminate any variation in energy impacts associated with changes in ventilation requirements in the various energy standards. 2.4.4.2 Model Calibration Model calibration is essential to ensure that architectural, mechanical, and electrical systems are representative of actual energy performance in new construction. In order to validate the accuracy of the energy models intended to reflect current construction, (i.e.; the ASHRAE 90.12004 baseline models), the results were compared to a number of sources of information related to actual energy consumption of existing buildings in BC. A number of sources were referenced including the BC Hydro Commercial Building Survey 2009, the BC Hydro 6



Lighting Power Density (LPD) is a measure of the installed lighting power (wattage) per unit area (typical units are 2 2 W/m and W/ft ). 7



Addendum N addresses the minimum ventilation rates in breathing zones.
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Conservation Potential Review (2007), and NRCan data8. The modelled annual energy consumption per unit area (ekWh/m2/year), or energy utilization intensity (EUI), for each building type was compared to the actual consumption EUI data on an end use (lighting, heating, cooling, etc.) and fuel (electricity versus gas) basis.



2.5



GHG EMISSIONS



Greenhouse gas (GHG) emission factors were used to calculate the GHG emission reductions associated with the contemplated code changes. The emission factors (EFs) used in the analysis are summarized in Table 6. Table 6: GHG Emission Factors for BC



Emission Factor Fuel Type Electricity1 Natural Gas2



Average 22



Weighted Annual Marginal 18 49



Units g CO2e / kWh g CO2e / ekWh



1. International Journal of Energy Research, “Greenhouse gas emission intensity factors for marginal electricity generation in Canada”, (March 2010) 2. Environment Canada, National Inventory Report 1990 to 2008: Part 3.



Some background information and explanation of the emission factor assumptions are provided in Appendix B.



2.6



LIFE CYCLE COST ANALYSIS



This section summarizes the approach taken for the financial analysis. Detailed cost inputs, assumptions, and results are provided in Appendix D: Detailed Cost Analysis. 2.6.1



Capital Cost Estimates



Unit costing of upgrades was estimated by the Quantity Surveyor. Upgrade costs are subject to market volatility. Year on year average costs were used to limit the impact of fluctuations on the costs of upgrades. In calculating costs, it was necessary to consider assembly costs. For example, daylight sensors require lighting that may be dimmed, depending on ambient light levels. To calculate the cost of daylight sensors, the cost of the sensors and the incremental cost of dimmable ballasts are included in the cost estimate.



8



The Office of Energy Efficiency, Natural Resources Canada (NRC) has a database of Canadian Building Energy End-Use Data http://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/comprehensive_tables/index.cfm?attr=0
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Assembly service life was also noted as part of the assignment since some upgrades may have an impact on maintenance costs for the Upgraded Buildings. 2.6.2



Operating Cost Impacts



The energy cost savings were estimated by comparing the Baseline energy model results to the Upgraded energy model results for both the ASHRAE 90.1-2010 and NECB-2011 compliant archetypes. Energy cost savings from the models take into account current utility rate structures including demand changes and stepped rates. Results are summarized at a high level in Section 4.0 and in detail in Appendix D: Detailed Cost Analysis. 2.6.3



Operation and Maintenance Costs



Operation and maintenance costs are not included in the current analysis. Stantec’s experience is that the changes proposed in the codes will not result in a significant change to operating and maintenance requirements. Therefore, these have not been included in the analysis. 2.6.4



Simple Payback



A simplified measure of the life cycle impact of the contemplated code changes is summarized in terms of simple payback, calculated by dividing the incremental capital cost by the annual operating energy cost savings.



12



hi c:\users\ihood\desktop\bcbc update\rpt01_bc_energy_code_comparison__update_201201018.docx



BC ENERGY CODE COMPARISON (FINAL REPORT) Required Building Upgrades October 18, 2012



3.0



Required Building Upgrades



This section summarizes the changes that are required to upgrade from the current energy code (ASHRAE 90.1-2004) to the two energy codes analyzed herein (ASHRAE 90.1-2010 and NECB-2011).



3.1



ASHRAE 90.1-2010 COMPLIANCE



ASHRAE 90.1 is a widely recognized standard that provides minimum requirements for energy performance in new commercial buildings and residential buildings over three storeys. It has been adopted in jurisdictions across Canada and North America. ASHRAE 90.1 provides three paths for compliance: (1) prescriptive, (2) envelope tradeoff, and (3) energy cost budget (ECB) method. The prescriptive path requires that new designs comply on an itemized basis with prescribed requirements of the Standard. The other methods provide for greater flexibility by allowing energy performance simulations to demonstrate that the overall annual energy cost for a given design is less than that for a similar model with all building characteristics fixed at the minimum prescribed level. Compliance with the prescriptive path is evaluated in this study. The ASHRAE 90.1-2010 Standard is comprised of twelve sections. Five of these sections deal with administrative content including purpose, scope, definitions, administration, and references. The remaining seven sections deal directly with specific requirements, and are titled as summarized below: 1. 2. 3. 4. 5. 6. 7.



Building Envelope; Heating, Ventilating and Air Conditioning; Service Water Heating; Power; Lighting; Other Equipment; and Energy Cost Budget (ECB) Method.



The Standard has 135 mandatory and prescriptive requirements. Within these 135 requirements, there are over 370 specific requirements covering all aspect of building energy consumption. The 2010 version of ASHRAE was developed with the intention of achieving an average of 30% energy savings compared to ASHRAE 90.1-2004.
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3.2



NECB-2011



The NECB-2011 is intended to represent a significant improvement to the previous version, referred to as the Model National Energy Code for Buildings 1997 (MNECB-1997). NECB-2011 is being developed with the intention of achieving 25% energy savings over MNECB-1997, as summarized in Figure 6. Figure 6 shows the relative performance of the various codes (compared to ASHRAE 90.1-1975 represented by 100 units of energy) based on studies completed by others.



Figure 6: Approximate Relative Performance of Energy Codes



Figure 6 summarizes the changes between ASHRAE 90.1-2004 relative to ASHRAE 90.1-2010 and NECB-2011. Table 7 summarizes, at a high level, the changes required to upgrade from the current energy code (ASHRAE 90.1-2004) to ASHRAE 90.1-2010 and NECB-2011 for all archetypes.
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Table 7: Summary of Key Code Changes
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Table 7: Summary of Key Code Changes Continued



The specific changes that are applicable to each archetype and each climate zone are shown in more detail in Appendix A: Detailed Inputs and Assumptions.
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4.0



Technical Challenges



This section summarizes the technical ramifications and challenges that are anticipated to affect builders or designers who are building to meet the various energy codes.



4.1



ASHRAE 90.1-2004



ASHRAE 90.1-2004 represents current code and should therefore not represent any technical challenges. There is some evidence to suggest that some buildings, particularly those with greater than 70% glazing, may not meet the current code. This impacts large office and multiunit residential building design, however this is considered outside the scope of the current analysis.



4.2



ASHRAE 90.1-2010



4.2.1



Section 5: Building Envelope



4.2.1.1 Prescriptive Building Envelope Option – Opaque Areas (5.5.3) 4.2.1.1.1 Commercial Steel Frame Construction (Table 5.5): For non-residential spaces, the required insulation R-values and/or overall assembly U-value may be an issue for curtain wall or metal framed construction for offices that have high portions of glazing. The prescriptive compliance path requires 40% glazing (or less) on vertical walls. Buildings that exceed that threshold will need to apply (1) the envelope trade-off method or (2) the energy cost budget (ECB) method to demonstrate compliance. For projects with more than about 70% glazing, the envelope trade-off method may not be sufficient to offset the penalty associated with exceeding the 40% prescriptive glazing threshold, thus requiring the more involved energy cost budget method for compliance. 4.2.1.1.2 Residential Steel & Wood Frame Construction (Table 5.5): When combined with high percentages of glazing (greater than 40%), this is probably the greatest challenge of ASHRAE 90.1-2010 for high-rise MURBs since the Standard requires continuous insulation in addition to insulation between the framing. Typically, slab bands and treatment of cantilevered balconies have made the continuous insulation requirement a challenge. Attachment of cladding creates additional challenges as Z-girts are required to meet structural requirements, while maintaining the assembly U-values. 4.2.1.1.3 Mass Wall R-value Requirements (Table 5.5): Mass walls require continuous insulation or an overall assembly R-value for conditioned spaces. This is likely to impact the cost and designs of facilities such as retail, churches, gyms, and community centres. These projects are generally low budget and as such the increased costs of this requirement impose a greater cost burden than on higher cost building types.
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4.2.1.1.4 Fenestration U-Factor (5.5.4.3) Fenestration (glazing) shall have a U-factor not greater than the prescriptive requirements. Achieving the U-factors specified may create a challenge for some projects, especially if the Ufactor is accurately calculated to properly take into account the variations in window size, thermal bridging, and frame. As noted previously however, based on industry feedback glazing performance currently exceeds the prescriptive requirements. 4.2.1.1.5 Mandatory Window and Door Accreditation Requirements (5.8.2.2): According to the mandatory requirements of the Standard, windows and doors must be labeled by a “nationally recognized accreditation organization, such as the National Fenestration Rating Council, and shall be labeled and certified by the manufacturer.” This applies to the U-value, solar heat gain coefficient (SHGC) and air leakage. To our knowledge, this is rarely done in Canada, particularly for the entire window including framing. If strictly enforced, this provision would meet with great resistance since non-labeled windows and doors (i.e. site fabricated products) would have to use referenced values from Appendix A in the Standard, which lists values that do not comply with the prescriptive shell requirements. This stipulation will also have a potential impact on local window manufacturers. Addressing the requirement through provision of a grace period may be the easiest way to overcome this challenge. 4.2.2



Section 6: Heating, Ventilation, Air Conditioning



4.2.2.1.1 Exhaust Air Heat Recovery (6.5.6.1): Systems with over 70% outside air, over 2,500 L/s (5,000 cfm) and exhaust source above 75% of the design outdoor air (this excludes most MURBs) require 50% effective heat recovery on enthalpy, not just the sensible component of waste heat. Hence, school gyms, theatres and lab systems would now require exhaust heat recovery. Note that there are exclusions for certain types of special applications (e.g. kitchens) or alternative requirements (e.g. labs may have the ability to reduce flow by 50% instead). Installation of heat recovery may represent a financial challenge for some building types. 4.2.3



Section 7: Service Water Heating



No clauses within Section 7 are anticipated to create challenges. 4.2.4



Section 8: Power



No clauses within Section 8 are anticipated to create challenges. 4.2.5



Section 9: Lighting



No clauses within Section 9 are anticipated to create challenges.



18



hi c:\users\ihood\desktop\bcbc update\rpt01_bc_energy_code_comparison__update_201201018.docx



BC ENERGY CODE COMPARISON (FINAL REPORT) Technical Challenges October 18, 2012



4.3



NECB-2011



The only portions of the NECB-2011 that we anticipate could pose a challenge are the improvements to the building envelope performance (walls, roof, and window R-values), and heat recovery ventilation.



hi c:\users\ihood\desktop\bcbc update\rpt01_bc_energy_code_comparison__update_201201018.docx



19



BC ENERGY CODE COMPARISON (FINAL REPORT) Results and Discussion October 18, 2012



5.0



Results and Discussion



This section summarizes the energy savings, incremental capital costs, and GHG emission reductions associated with upgrading from the current BC energy code (ASHRAE 90.1-2004) to the two energy codes analyzed herein (ASHRAE 90.1-2010 and NECB 2011).



5.1



ENERGY CONSUMPTION AND SAVINGS



The energy consumption per unit area, or Energy Utilization Intensity (EUI), is summarized in Table 8 for each archetype, each climate region, and each code scenario. 2



Table 8: Energy Use Intensity (ekWh/m /yr) by Archetype, Climate Region, & Code



Archetype



Mid-Rise Residential w/CRUs



Mid-Rise Commercial



Big Box Retail



Climate Region South Coast Interior North South Coast Interior North South Coast Interior North



Energy Use Intensity (ekWh/m2/year) ASHRAE Base Case NECB 2011 90.1-2010 147 133 132 185 170 166 204 188 183 155 104 138 196 157 173 233 153 164 304 273 271 383 347 334 332 294 272



Table 9 summarizes the percentage energy savings and percentage energy cost savings relative to the ASHRAE 90.1-2004 baseline for each scenario.
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Table 9: Percentage Energy and Energy Cost Savings over Baseline (%)



Archetype



Mid-Rise Residential w/CRUs



Mid-Rise Commercial



Big Box Retail



Climate Region South Coast Interior North South Coast Interior North South Coast Interior North



Energy Savings over Baseline (%) ASHRAE NECB 90.1-2010 2011 10% 11% 8% 10% 8% 10% 33% 11% 20% 12% 35% 30% 10% 11% 9% 13% 12% 18%



Energy Cost Savings over Baseline (%) ASHRAE NECB 90.1-2010 2011 13% 12% 11% 12% 11% 12% 29% 11% 23% 12% 31% 23% 10% 8% 11% 9% 9% 14%



Table 9 shows that energy savings range from 8% for the Mid-Rise Residential up to 35% for the Mid-Rise Commercial. Energy cost savings range from 8% for Big Box Retail to 31% for Mid-Rise Commercial. The variation between energy savings and energy cost savings is due to the relative cost of electricity versus natural gas. Overall average energy savings are 16% and 14% for ASHRAE 90.1-2010 and NECB-2011 respectively. Overall average energy cost savings are 16% and 13% for ASHRAE 90.1-2010 and NECB-2011 respectively. The energy savings results are presented visually in Figure 7 through Figure 9.
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2



Figure 7: Energy Utilization Intensity Comparison (ekWh/m /year)



Figure 8 and Figure 9 show that energy savings range from 14 ekWh/m2/year (8%) and 81 ekWh/m2/year (35%) for ASHRAE 90.1-2010 and from 16 ekWh/m2/year (10%) and 70 ekWh/m2/year (30%) for NECB-2011. Overall average energy savings are 16% (36 ekWh/m2/year) and 14% (34 ekWh/m2/year) for ASHRAE 90.1-2010 and NECB-2011 respectively.
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2



Figure 8: Energy Utilization Intensity Savings over ASHRAE 90.1-2004 Baseline (ekWh/m /year)



Figure 9: Percentage Energy Savings over ASHRAE 90.1-2004 (%)



The energy conservation measures associated with the upgraded codes, ASHRAE 90.1-2010 and NECB 2011, are illustrated in Table 10 and Table 11 below.



hi c:\users\ihood\desktop\bcbc update\rpt01_bc_energy_code_comparison__update_201201018.docx



23



BC ENERGY CODE COMPARISON (FINAL REPORT) Results and Discussion October 18, 2012



Table 10: Energy Conservation Measures over Baseline for ASHRAE 90.1-2010



Archetype



Mid-Rise Residential w/CRUs



Energy Savings over Baseline (%)



Energy Conservation Measures



Vancouver, BC



10%



1. Increased Roof and Wall Insulation 2. Continuous Air Barrier 3. Interior and Exterior LPD Reduction 4. Occupancy Sensor Requirement in Stairwell 5. Additional Exterior Lighting Control Requirement 6. Mechanical System Efficiency Improvement in Retail Spaces Same as Vancouver, BC



Location



Mid-Rise Residential w/CRUs Mid-Rise Residential w/CRUs



Kamloops, BC



8%



Prince George, BC



8%



Mid-Rise Commercial



Vancouver, BC



33%



Mid-Rise Commercial



Kamloops, BC



20%



Mid-Rise Commercial



Prince George, BC



35%



Big Box Retail



Vancouver, BC



10%



Big Box Retail



Kamloops, BC



9%



Big Box Retail



Prince George, BC



12%



24



Same as Vancouver, BC, except slab-on-grade insulation requirement. 1. Increased Roof and Wall Insulation 2. Continuous Air Barrier 3. Interior and Exterior LPD Reduction 4. Occupancy Sensor Requirement in Stairwell, Meeting Rooms, Employee Break Room, Enclosed Office, Storage and Restrooms 5. Daylight Sensor Requirement in Perimeter Zones 6. Additional Exterior Lighting Control Requirement 7. Plug Load Equipment Control 8. Cooling Tower Efficiency Improvement 9. Exhaust Air Heat Recovery Requirement Same as Above, except no exhaust air heat recovery requirement. Same as Vancouver, BC, except slab-on-grade insulation requirement. 1. Increased Roof and Wall Insulation 2. Continuous Air Barrier 3. Interior and Exterior LPD Reduction 4. Occupancy Sensor Requirement in Office, Storage and Restrooms 5. Daylight Sensor Requirement Associated with Skylights 6. Additional Exterior Lighting Control Requirement 7. Plug Load Equipment Control 8. Mechanical System Efficiency Improvement 9. Exhaust Air Heat Recovery Requirement Same as Above, except no exhaust air heat recovery requirement. Same as Vancouver, BC, except slab-on-grade insulation requirement.
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Table 11: Energy Conservation Measures over Baseline for NECB 2011



Archetype



Mid-Rise Residential w/CRUs



Mid-Rise Residential w/CRUs Mid-Rise Residential w/CRUs



Energy Savings over Baseline (%)



Energy Conservation Measures



Vancouver, BC



11%



1. Increased Roof and Wall Insulation 2. Slab-on-grade Insulation Requirement 3. Air Leakage Requirement 4. Interior and Exterior LPD Reduction 5. Mechanical System Efficiency Improvement in Residential and Retail Spaces



Kamloops, BC



10%



Same as Vancouver, BC



Prince George, BC



10%



Same as Vancouver, BC 1. Increased Roof and Wall Insulation 2. Slab-on-grade Insulation Requirement 3. Air Leakage Requirement 4. Interior and Exterior LPD Reduction 5. Occupancy Sensor Requirement in Meeting Rooms, Employee Break Room, Enclosed Office, Storage and Restrooms 6. Boiler and Cooling Tower Efficiency Improvement



Location



Mid-Rise Commercial



Vancouver, BC



11%



Mid-Rise Commercial



Kamloops, BC



12%



Mid-Rise Commercial



Prince George, BC



30%



Same as Vancouver, BC Same as Vancouver, BC, except exhaust air heat recovery requirement.



Big Box Retail



Vancouver, BC



11%



1. Increased Roof and Wall Insulation 2. Slab-on-grade Insulation Requirement 3. Air Leakage Requirement 4. Interior and Exterior LPD Reduction 5. Occupancy Sensor Requirement in Office, Storage and Restrooms 6. Mechanical System Efficiency Improvement 7. Exhaust Air Heat Recovery Requirement



Big Box Retail



Kamloops, BC



13%



Same as Vancouver, BC



Big Box Retail



Prince George, BC



18%



Same as Vancouver, BC
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5.2



GHG EMISSIONS



Greenhouse gas emissions by archetype, climate region, and code are summarized in Table 12. 2



Table 12: Annual GHG Emissions (kgCO2e/m /yr)



Archetype



Mid-Rise Residential w/CRUs



Mid-Rise Commercial



Big Box Retail



Climate Region South Coast Interior North South Coast Interior North South Coast Interior North



Annual GHG Emissions (kgCO2e/m2/year) ASHRAE NECB Base Case 90.1-2010 2011 4.4 4.2 4.1 5.4 5.1 4.9 6.3 6.0 5.8 4.8 3.0 4.2 6.5 5.5 5.6 8.3 5.2 5.2 10.5 9.5 9.0 13.8 12.7 11.4 11.9 10.2 9.1



Table 13 summarizes GHG emissions reduction (%) by archetype, climate region, and code. Table 13: Annual GHG Emissions Reduction (%) over Baseline



Archetype



Mid-Rise Residential w/CRUs



Mid-Rise Commercial



Big Box Retail



Climate Region South Coast Interior North South Coast Interior North South Coast Interior North



GHG Emission Reduction over Baseline (%) ASHRAE 90.1NECB 2011 2010 6% 8% 5% 8% 4% 9% 37% 12% 15% 13% 38% 38% 9% 15% 8% 17% 14% 23%



Table 12 and Table 13 show that GHG emission reductions range from 4% (0.3 kgCO2e/m2/year) to 38% (3.1 kgCO2e/m2/year) for ASHRAE 90.1-2010 and from 8% (0.4
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kgCO2e/m2/year) to 38% (3.1 kgCO2e/m2/year) for NECB-2011. Average GHG emission reductions are 15% and 16% for ASHRAE 90.1-2010 and NECB-2011 respectively. Figure 10 shows the GHG emissions results visually.



2



Figure 10: GHG Emissions Comparison (kgCO2e/m /year)



5.3



COST IMPACTS OF ADOPTING ASHRAE 90.1-2010 AND NECB-2011



Table 14 summarizes the cost impact in terms of incremental capital cost per unit area for the two upgraded codes, relative to the ASHRAE 90.1-2004 baseline. Figure 11 shows the comparison of construction cost per unit area visually.
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2



Table 14: Incremental Capital Cost per Unit Floor Area Relative to Baseline ($/m )



Incremental Capital Cost ($/m2) Archetype



Mid-Rise Residential w/CRUs



Mid-Rise Commercial



Big Box Retail



Climate Region



ASHRAE 90.1-2010



South Coast Interior North South Coast Interior North South Coast Interior North



$ $ $ $ $ $ $ $ $



6.9 5.6 1.2 17.0 4.9 14.7 14.9 5.8 36.7



NECB 2011 $ $ $ $ $ $ $ $ $



4.1 10.1 13.4 1.7 4.5 15.6 22.5 45.1 49.5



Table 14 shows that the incremental capital cost ranges from $1.2/m2 for Mid-Rise Residential upgraded to ASHRAE 90.1-2010 to $49.5/m2 for Big Box Retail upgraded to NECB-2011.



2



Figure 11: Construction Cost per Unit Area Comparison ($/m )



Table 15 summarizes the incremental capital cost as a percentage of total construction cost relative to the ASHRAE 90.1-2004 baseline.
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Table 15: Incremental Capital Cost (% of Construction Cost) over Baseline



Archetype



Mid-Rise Residential w/CRUs



Mid-Rise Commercial



Big Box Retail



Climate Region



South Coast Interior North South Coast Interior North South Coast Interior North



Incremental Capital Cost (% of Construction Cost) over Baseline ASHRAE 90.1NECB 2011 2010 0.3% 0.2% 0.1% 0.8% 0.2% 0.7% 1.2% 0.4% 2.8%



0.2% 0.4% 0.6% 0.1% 0.2% 0.7% 1.7% 3.5% 3.8%



Table 15 shows that the incremental cost ranges from 0.1% to 0.8% of construction cost for the Mid-Rise Residential and Mid-Rise Commercial archetypes, while the incremental cost reaches 3.8% of construction cost for the Big Box Retail upgraded to NECB-2011. The incremental cost of the Big Box Retail is dominated by the cost of additional roof insulation and heat recovery ventilation.



Figure 12: Incremental Capital Cost (% of Construction Cost) over ASHRAE 90.1-2004
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Table 16 summarizes the financial analysis in terms of simple payback, calculated by dividing the incremental capital cost by the annual operating energy cost savings. Table 16: Simple Payback (Years)



Archetype



Mid-Rise Residential w/CRUs



Mid-Rise Commercial



Big Box Retail



Climate Region South Coast Interior North South Coast Interior North South Coast Interior North



Simple Payback (Years) ASHRAE 90.1NECB 2011 2010 6 4 4 7 0 8 6.2 2 1.8 3 3.7 5 10 19 3 27 26 23



Table 16 shows that the simple payback ranges from less than 1 year to 26 years for ASHRAE 90.1-2010, and only as high as 6 years when the Big Box Retail archetype is excluded. The simple payback for NECB-2011 ranges from 2 years to 27 years, and only as high as 8 years when the Big Box Retail archetype is excluded. The average simple payback period is 8 years and 11 years for ASHRAE 90.1-2010 and NECB-2011 respectively. It is noted that the design and construction industry will use the envelope or whole-building trade-off option in order to achieve compliance, if following the prescriptive requirements does not make financial sense for their particular project. The ramification of this is that the additional cost of energy modeling is required for projects using the whole-building tradeoff approach. This cost represents the greatest burden for small projects, since the cost of energy modeling is not linearly proportional to floor area.
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Figure 13 shows the simple payback comparison visually.



Figure 13: Simple Payback Comparison (years)



5.3.1



Comparison to NRC Analysis



The NRC study notes that “In most climate zones, most assemblies considered attained payback periods well within their estimated life expectancy. A trade-off compliance path and a building performance compliance path still permit these construction assemblies to be economically viable as part of a whole envelope or whole building design.” In other words, they acknowledge that some building envelope assemblies have a payback period in excess of their life expectancy (40 years for walls, 25 years for roof and windows) and that a whole building design approach (ie; performance approach to compliance, which allows the design team to find the most economical way to meet the code) is required in order for some scenarios to be economically viable. As such, the results of this study are not inconsistent with the findings of the NRC analysis.
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6.0



Conclusions and Recommendations



The energy, GHG, and cost impacts associated with upgrading from current BC energy code (ASHRAE 90.1-2004) to the prescriptive approaches of ASHRAE 90.1-2010 or NECB-2011 were studied. Estimated energy savings range from 14 ekWh/m2/year (8%) and 81 ekWh/m2/year (35%) for ASHRAE 90.1-2010 and from 16 ekWh/m2/year (10%) and 70 ekWh/m2/year (30%) for NECB2011. Overall average energy savings are 16% (36 ekWh/m2/year) and 14% (34 ekWh/m2/year) for ASHRAE 90.1-2010 and NECB-2011 respectively. GHG emission reductions range from 4% (0.3 kgCO2e/m2/year) to 38% (3.1 kgCO2e/m2/year) for ASHRAE 90.1-2010 and from 8% (0.4 kgCO2e/m2/year) to 38% (3.1 kgCO2e/m2/year) for NECB-2011. Average GHG emission reductions are 15% and 16% for ASHRAE 90.1-2010 and NECB-2011 respectively. The incremental capital costs are estimated to be an average of $12.0/m2 (0.8% of construction cost) and $18.5/m2 (1.3% of construction cost) for ASHRAE 90.1-2010 and NECB-2011 respectively. The simple payback ranges from less than 1 year to 26 years for ASHRAE 90.1-2010, and only as high as 6 years when the Big Box Retail archetype is excluded. The simple payback for NECB-2011 ranges from 2 years to 27 years, and only as high as 8 years when the Big Box Retail archetype is excluded. The average simple payback period is 8 years and 11 years for ASHRAE 90.1-2010 and NECB-2011 respectively.
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Study Limitations



It is important to recognize the limitations of the study to inform how results are interpreted and used in decision-making. Table 17 summarizes some of the key limitations. Table 17: Summary of Study Limitations



Issue Representative City



Discussion of Limitations Each climate region is analyzed by assessing the impact of the changes for one representative city within that region. This limits the applicability of the results to other cities; however, given the relative similarity of climate for all locations within a given climate region, the conclusions of the report are not expected to change noticeably from one city to another.



Representative Mechanical System



As noted previously, only one mechanical system choice is assessed for each scenario. As such, applicability of results to other mechanical system choices is limited.



Representative Fuel Type



All energy is assumed to be provided by a combination of electricity and natural gas. As such, applicability of results to regions that use other fuel types is limited. Other fuels, such as propane and fuel oil are used in some regions of BC; however, these represent a marginal portion of total energy consumption.



Fuel Prices



Utility rates were based on the prices applicable to the representative city. As such, applicability of results to other cities is limited. One short term issue is the higher cost of natural gas on Vancouver island than in other parts of the South Coast. As the price for natural gas is higher on Vancouver Island than on the Mainland, the results of this analysis underestimate the payback period for Vancouver Island commercial construction.



Costing



The financial analysis is sensitive to the estimates of the incremental cost to build new construction to meet the requirements of ASHRAE 90.1-2010 and NECB-2011 relative to the current code. Multiple costing sources were consulted in order to cross-reference the results; however, it should be noted that actual costs are highly dependent on a variety of factors including the overall building design strategy and fluctuations in materials and resource prices.



Current Practice



This study examines the energy and cost impacts of upgrading from current code (ASHRAE 90.1-2004) to ASHRAE 90.1-2010 and NECB-2011. The analysis assumes that all current construction meets the current code.



Prescriptive Approach Only



Through altering compliance paths, the costs and benefits of the codes may be altered significantly
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This report was prepared by Stantec Consulting Ltd. for Province of British Columbia. Attempts have been made to ensure the accuracy of the results in this report. Variations in assumptions and building variables will affect the actual energy that the modelled buildings may consume. For this reason the assumptions presented in this report should be reviewed and any discrepancies brought to the attention of the appropriate Stantec contact. Some assumptions have been made for parameters of the operation or performance of equipment and materials where data was not available. The use of these values and parameters shall in no way imply endorsement of a specific product or manufacturer. Cost estimates are estimates of probable cost based on industry resources and experience, and are not guaranteed. The material in this report reflects Stantec and BTY’s judgment in light of the information available at the time of preparation. The energy consumption and saving calculations are estimates of savings potential and are not guaranteed. Any use which a third party makes of this report, or any reliance on or decisions made based on it, are the responsibility of such third parties. Stantec accepts no responsibility for damages, if any suffered by any third party as a result of decisions made or actions based on this report.
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Appendices



The following appendices provide additional information to supplement the body of the report: 



Appendix A: Detailed Inputs and Assumptions







Appendix B: GHG Emission Assumptions







Appendix C: Detailed Results







Appendix D: Detailed Cost Analysis







Appendix E: References







Appendix F: Contributors
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Appendix A: Detailed Inputs and Assumptions



The following tables summarize the detailed modeling inputs. Mid-Rise Residential w/CRUs Table 18: Detailed Summary of Inputs, Mid-Rise Residential w/ CRUs Mid-Rise Residential (w/CRUs) ASHRAE 90.1-2004



ASHRAE 90.1-2010



NECB 2011



General Information Location



Simulation Weather File



Climate Zone



Vancouver, BC; Kamloops, BC; Prince George, BC Vancouver BC (Vancouver.bin) Kamloops, BC (Kamloops.bin) Prince George, BC (PrinceGeorge.bin) (Source: http://doe2.com/Download/Weather/CWEC/) ASHRAE Climate Zone 5 & 7



Building Type



Mid-Rise Residential w/CRUs



No. of Storeys



Above Grade: 5



NECB Climate Zone 4, 5 & 7



Total Floor Area: 50,000 sq.ft Floor Area Summary



Dwelling Units (66%) Retail Space (18%) Corridor (10%) Other (6%)



Occupancy Density (#/sq.ft)



2 people per single bedroom unit, 1 person per additional bedroom (4 single and 4 double bedroom units per floor) Corridor (5 occs per floor) Elevator Lobby (4 occs) Retail (116 occs)



Occupancy Schedule



eQuest Default: Dwelling Units (Daytime Unoccupied, Typical Use, Mon-Fri: 5pm to 7am; Sat, Sun & Hol: 4pm to 9am) Retail: 9am - 7pm Weekdays, 9am - 6pm Sat and 12pm - 5pm Sun Elevator Lobby and Corridor (24 hour operation)



Parking Spaces
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66 Parking Spaces - Surface (150 sq.ft each)
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Design Conditions Dwelling Units and Retail Heating: 70°F Cooling: 76°F Indoor Design Temperature



Corridor Heating: 59°F Setback Dwelling Units: (Heating: 64°F) Retail: (Heating: 64°F, Cooling: 82°F)



Outdoor Design Conditions



Vancouver, BC Summer DB: 74°F Summer WB: 64°F Winter DB: 23°F Kamloops, BC Summer DB: 88°F Summer WB: 63°F Winter DB: 0°F Prince George, BC Summer DB: 78°F Summer WB: 59°F Winter DB: -18°F



Utility Rates Residential Dwellings Basic Charge: $0.1448/day Step 1: $0.0667/kwh (First 1350 kWh over 2-month billing period) Step 2: 0.0962/kwh



Electricity



Common Areas Small General Service Rate (< 30 kW) Basic Charge: $0.1853/day Demand: $0 Energy Charge: $0.0881/kWh Retail Medium General Service Rate (35kW to 150 kW) Basic Charge: $0.1853/day Demand: First 35 kW: $0/kW Next 115 kW: $4.51/kW All Additional: $8.66/kW Energy Charge: First 14,800: $0.0872/kWh All Additional: $0.0444/kWh



Natural Gas



Rate 2 Annual Gas Consumption < 2,000 GJ Basic Charge: 24.84/month Lower Mainland Energy Charge: 8.553/GJ Inland Regions Energy Charge: 8.527/GJ Carbon Tax: 1.49/GJ
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Envelope Performance



Roof Construction (Conditioned) [BTU/(h·°F·ft²)]



External Wall Construction Above Grade (Conditioned) [BTU/(h·°F·ft²)]



Slab-on-grade Insulation [BTU/(h·°F·ft²)]



Air Leakage
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Climate Zone 4 R-25.0 overall Climate Zone 5 R-31.0 overall Climate Zone 7 R-35.0 overall



Insulation entirely above deck: All Climate Zone R-15.9 overall (Min insulation req. R-15 c.i.)



Insulation entirely above deck: All Climate Zone R-20.8 overall (Min insulation req. R-20 c.i.)



Dwelling Units: Wood Superstructure (Residential; Wood-Framed and Other): Climate Zone 5 R-11.2 overall (Min insulation: R-13.0) Climate Zone 7 R-19.6 overall (Min insulation: R-13.0 + R-7.5 c.i.)



Dwelling Units: Wood Superstructure (Residential; Wood-Framed and Other): All Climate Zone R-19.6 overall (Min insulation: R-13.0 + R7.5 c.i.)



Retail Units: Steel-frame: Climate Zone 5 R-11.9 overall (Min Insulation: R-13.0 + R-3.8 c.i.) Climate Zone 7 R-15.6 overall (Min Insulation: R-13.0 + R-7.5 c.i.)



Retail Units: Steel-frame: All Climate Zones R-15.6 overall (Min Insulation: R-13.0 + R7.5 c.i.)



All Climate Zone N/A



Climate Zone 5 N/A Climate Zone 7 R-15 for 24 in



All Climate Zone R-7.5 for 48 in



N/A (Air Leakage of 0.08 cfm/sq.ft assumed)



Continuous Air Barrier (Air Leakage < 0.04 cfm/sq.ft)



Air Leakage < 0.0492 cfm/sq.ft



Climate Zone 4 R-18.0 overall Climate Zone 5 R-20.4 overall Climate Zone 7 R-27.0 overall
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Fenestration Vertical Glazing Percentage



Vertical Overall Glass U-Value including Frame 2 [h·°F·ft /Btu] and Overall Solar Heat Gain Coefficient (Conditioned)



All Climate Zone 32% was used to maintain consistency with all climate zone and code



U-values Exceed Code Minimum Requirement, Typical Industry Practice Climate Zone 5 Retail - Fixed Window U-0.45 SHGCNORTH-0.49; SHGCOTHER0.39 Residential - Operable Window - Vinyl U-0.30 SHGCNORTH-0.49; SHGCOTHER0.39 Climate Zone 7 Retail - Fixed Window U-0.45 SHGCNORTH-0.64; SHGCOTHER0.49 Residential - Operable Window - Vinyl U-0.30 SHGCNORTH-0.64; SHGCOTHER0.49



Residential U-values Exceed Code Minimum Requirement, Typical Industry Practice Climate Zone 5 Retail Metal framing (storefront) U-0.45, SHGC-0.40 Residential Nonmetal Framing (all other) U-0.30, SHGC-0.40 Climate Zone 7 Retail Metal Framing (storefront) U-0.40, SHGC-0.45 Residential Nonmetal Framing (all other) U-0.30, SHGC-40



Skylight Glazing Percentage



N/A



Skylight Overall Glass U-Value including Frame 2 [h·°F·ft /Btu] and Overall Solar Heat Gain Coefficient (Conditioned)



N/A



Fenestration Orientation



Shading Devices



N/A



AS ≥ AW and AS ≥ AE (Equal glazing% on all orientation)



Residential U-values Exceed Code Minimum Requirement, Typical Industry Practice Climate Zone 4 Retail Metal framing (storefront) U-0.423, SHGC-0.40 Residential Nonmetal framing U-0.30, SHGC-0.40 Climate Zone 5 Retail Metal framing (storefront) U-0.387, SHGC-0.40 Residential Nonmetal framing U-0.30, SHGC-0.40 Climate Zone 7 Retail Metal framing (storefront) U-0.387, SHGC-0.45 Residential Nonmetal framing U-0.30, SHGC-0.40



N/A



Balconies create shading (1ft overhang on residential dwellings)
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Internal Loads



Interior LDP Input



Dwelling Units: No Requirements (Assume 0.50 W/sq.ft) Corridor: 0.66 W/sq. ft Stairway: 0.69 W/sq.ft Lobby for elevator: 0.64 W/sq.ft Sale Area: 1.68 W/sq.ft



Dwelling Units: No Requirements (Assume 0.50 W/sq.ft) Corridor: 0.5 W/sq. ft Stairway: 0.6 W/sq. ft Lobby: 1.3 W/sq.ft Sale Area: 1.7 W/sq.ft Additional Interior Lighting Allowance for highlighting merchandise (Sales Area): 1.6W/sq. ft (excluded in model)



Additional Interior Lighting Allowance for highlighting merchandise (Sales Area): 1.4W/sq. ft (excluded in model)



Same as ASHRAE 2010, no requirement for display lighting, provided the display area is enclosed by ceiling height partitions.



Uncovered Parking Area 0.15 W/sq. ft (150 sq.ft/Stall and 1000 sq.ft additional spaces, 10,900 sq.ft, 1,635 W)



Exterior LDP Input



Building Grounds Walkways less than 10 ft wide: 1.0 W/linear foot (410 ft, 410 W) Building entrances and exits Main Entries: 30 W/linear foot of door width (12ft, 360 W) Other doors: 20 W/linear foot of door width (12ft, 240 W) Canopies: 1.25 W/sq. ft (200 sq.ft, 250 W)



Same as 2004, except Entry Canopies: 0.4 W/sq. ft (200 sq.ft, 80 W) and Uncovered Parking Area: 0.13 W/sq. ft (10,900 sq.ft, 1,417 W)



Lighting Controls Residential No control devices required for dwelling units • Interior Lighting (Auto Shutoff)



Retail "Schedule" method used in model Automatic Lighting Shutoff (Floor Area > 5000 sq. ft) Schedule, occupant sensor (within 30 minutes) or DDC signal 24/7 lighting exempted



• Interior Lighting (Space Control) • Stairwell Lighting
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Residential No control devices required for dwelling units Retail "Schedule" method used in model Automatic Lighting Shutoff (All Floor Area) - Schedule, occupant sensor (within 30 minutes) or DDC signal 24/7 lighting exempted



No control devices required for dwelling units N/A for retail sale areas



N/A



Reduce lighting by at least 50% within 30 minutes when no occupants are present (50% in model).



N/A
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• Daylighting for Interior Primary Sidelighted Area (Windows) • Daylighting for Interior Toplighted Area (Skylights)



No control devices required for dwelling units N/A Daylighting not required for retail sale areas



N/A



Astronomical Time Control for dawn to dusk operation and Photosensor for dusk to dawn operation in Model. • Exterior Lighting Control



Dawn to Dusk Operation Astronomical Time Control Dusk to Dawn Operation Astronomical Time Switch or Photosensor Building and garage entrance exempted.



Photosensor and 30% reduction in Model. Photosensor to shuf off exterior lighting when sufficient daylight is available, all building façade and landscape lighting auto shutoff at midnight or business closing to 6 am or business opening. Others should reduce lighting by at least 30% from midnight to 6am or business opening. Building and garage entrance exempted.



Same as ASHRAE 2004 Dawn to Dusk Operation Photosensor or astronomical time control or photosensor and time switch Dusk to Dawn Operation Astronomical Time Control or Photosensor Building and garage entrance exempted.



Receptacle Loads Plug-Loads (W/sq.ft) Plug-Load Controls



Dwelling Units: 0.62 Retail Units: 0.25 N/A



Central Plant



Heating Plant Efficiency Requirement



All Climate Zone Indirect Gas-Fired Outdoor Air Unit with (100% OA) Residential Dwellings (Make-up Air), Corridor and Elevator Lobby: 80% (Thermal Efficiency) Zone 7 80% (Combustion Efficiency)



All Climate Zone Indirect Gas-Fired Outdoor Air Unit with (100% OA) Residential Dwellings (Make-up Air), Corridor and Elevator Lobby: 80% (Thermal Efficiency)



All Climate Zone Indirect Gas-Fired Outdoor Air Unit with (100% OA) Residential Dwellings (Make-up Air), Corridor and Elevator Lobby: AFUE ≥ 92.4%



Cooling Plant Efficiency Requirement



South Coast & North No Cooling Provided Interior Cooling Provided by Packaged Terminal Air Conditioners (PTAC's)



Domestic Hot Water (Performance Requirement)



All Climate ZoneHot Water Natural Gas Boiler (Dwelling Units: 3.696 gpm , eQuest Defaults):80% (Thermal Efficiency)Electric Water Heater (Retail: 0.053 gpm, eQuest Defaults):93%



Pump Power



Auto-sized
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Distributed Mechanical Systems



System Description



Total Supply Air Rates



S/A Temperatures
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Residential All Climate Zone Electric Resistance Baseboard for dwelling units (3.7W/sq.ft) Constant Volume for corridor and elevator lobby Interior PTAC for dwelling units (32,000 Btu/h) EER: 9.31 Retail Retail Retail Split System Heat Pumps Split System Heat Pumps with Split System Heat Pumps with with Electric Reheat Electric Reheat Electric Reheat Climate Zone 5 (South Climate Zone 5 (South Coast) Climate Zone 4 (South Coast) Coast) Heating COP: 3.1 (47°F Dry Heating COP: 2.8 - 175,000 Heating COP: 3.2 (47°F Dry Bulb) - 201,000 Btu/h Btu/h Bulb) - 177,000 Btu/h Cooling EER: 9.1 - 172,900 Cooling EER: 9.7 - 175,000 Cooling EER: 10.4 Btu/h Btu/h 169,000 Btu/h Climate Zone 5 (Interior) Climate Zone 5 (Interior) Climate Zone 5 (Interior) Heating COP: 2.0 (17°F Dry Heating COP: 2.8 - 154,000 Heating COP: 2.05 (17°F Bulb) - 209,000 Btu/h Btu/h Dry Bulb) - 189,000 Btu/h Cooling EER: 8.8 - 269,000 Cooling EER: 9.7 - 257,000 Cooling EER: 9.3 - 251,000 Btu/h Btu/h Btu/h Climate Zone 7 (North) Climate Zone 7 (North) Climate Zone 7 (North) Heating COP: 2.0 (17°F Dry Heating COP: 2.8 - 132,000 Heating COP: 2.05 (17°F Bulb) - 198,000 Btu/h Btu/h Dry Bulb) - 154,000 Btu/h Cooling EER: 8.8 - 255,000 Cooling EER: 9.7 - 220,000 Cooling EER: 10.4 Btu/h Btu/h 228,000 Btu/h Climate Zone 5 (South Coast) Climate Zone 5 (South Coast) Climate Zone 4 (South Coast) MAU (Residential): 1,960 MAU (Residential): 1,960 cfm cfm MAU (Residential): 1,960 cfm MAU (Common): 308 cfm MAU (Common): 308 cfm MAU (Common): 308 cfm Split System Heat Pumps Split System Heat Pumps Split System Heat Pumps (Retail Unit): 5,985 cfm (Retail Unit): 5,843 cfm (Retail Unit): 6,091 cfm Climate Zone 5 (Interior) Climate Zone 5 (Interior) Climate Zone 5 (Interior) MAU (Residential): 2,038 cfm MAU (Residential): 2,039 MAU (Residential): 2,038 cfm MAU (Common): 322 cfm cfm MAU (Common): 320 cfm PTAC: 1000 - 1200 cfm MAU (Common): 320 cfm PTAC: 1000 - 1200 cfm Split System Heat Pumps PTAC: 1000 - 1200 cfm Split System Heat Pumps (Retail Unit): 8,164 cfm Split System Heat Pumps (Retail Unit): 7,947 cfm Climate Zone 7 (North) Climate Zone 7 (North) (Retail Unit): 7,669 cfm Climate Zone 7 (North) MAU (Residential): 2,146 cfm MAU (Residential): 2,137 cfm MAU (Common): 337 cfm MAU (Residential): 2,137 MAU (Common): 336 cfm Split System Heat Pumps cfm Split System Heat Pumps (Retail Unit): 9,385 cfm MAU (Common): 336 cfm (Retail Unit): 8,011 cfm Split System Heat Pumps (Retail Unit): 8,366 cfm eQuest Defaults
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Total Outdoor Air Rates



Area Outdoor Air Rate by Space Type (cfm/sq.ft) People Outdoor Air Rate by Space Type (cfm/person) Exhaust Flow Fan Power



Fan Control



Exhaust Air Heat Recovery?



Climate Zone 5 (South Climate Zone 4 (South Coast) Coast) MAU (Residential): 1,960 cfm MAU (Residential): 1,960 (100% OA) cfm (100% OA) MAU (Common): 308 cfm MAU (Common): 308 cfm (100% OA) (100% OA) Split System Heat Pumps Split System Heat Pumps (Retail Unit): 2,600 cfm (43% (Retail Unit): 2,600 cfm OA) (45% OA) Climate Zone 5 (Interior) Climate Zone 5 (Interior) MAU (Residential): 2,038 cfm MAU (Residential): 2,039 (100% OA) cfm (100% OA) MAU (Common): 320 cfm MAU (Common): 320 cfm (100% OA) (100% OA) Split System Heat Pumps Split System Heat Pumps (Retail Unit): 2,702 cfm (34% (Retail Unit): 2,707 cfm OA) (35% OA) Climate Zone 7 (North) Climate Zone 7 (North) MAU (Residential): 2,137 cfm MAU (Residential): 2,137 (100% OA) cfm (100% OA) MAU (Common): 336 cfm MAU (Common): 336 cfm (100% OA) (100% OA) Split System Heat Pumps Split System Heat Pumps (Retail Unit): 2,834 cfm (35% (Retail Unit): 2,836 cfm OA) (34% OA) ASHRAE 62.1-2001, Except Addendum N Referenced in NBC 2010 and BCBC 2012, Part 6



Climate Zone 5 (South Coast) MAU (Residential): 1,961 cfm (100% OA) MAU (Common): 308 cfm (100% OA) Split System Heat Pumps (Retail Unit): 2,600 cfm (43% OA) Climate Zone 5 (Interior) MAU (Residential): 2,038 cfm (100% OA) MAU (Common): 322 cfm (100% OA) Split System Heat Pumps (Retail Unit): 2,702 cfm (33% OA) Climate Zone 7 (North) MAU (Residential): 2,146 cfm (100% OA) MAU (Common): 337 cfm (100% OA) Split System Heat Pumps (Retail Unit): 2,834 cfm (30% OA)



Corridor: 0.05 cfm/sq.ft Retail: 0.30 cfm/sq.ft ASHRAE 62.1-2001, Except Addendum N Referenced in NBC 2010 and BCBC 2012, Part 6 Dwelling Unit: 15 cfm/person, 0.35 ACH Lobbies: 15 cfm/person Dwelling Units (1 bedroom): 50 cfm washroom, 100 cfm for kitchen Dwelling Units (2 bedroom): 100 cfm washroom, 100 cfm for kitchen Fan Power meets ASHRAE Fan Power meets ASHRAE Fan Power meets NECB requirements requirements requirements Automatic controls based on Automatic controls based Automatic controls based on time schedule for supply fans on time schedule for supply time schedule for supply fans with motors greater than 0.75 fans with motors greater where zone heating or cooling hp. Assume constant speed than 0.75 hp. Assume capacity > 5kW. Assume drive. constant speed drive. constant speed drive. Climate Zone 4 Not Required (Exhaust < 9,192 cfm) Climate Zone 5 Not Required (Exhaust < 5,602 cfm) Climate Zone 7 Exempted as largest source of air exhausted at a single Not Required (Exhaust < 4,775 location is less than 75% of OA supplied. cfm) Yes/No (Dependent on Exhaust Sensible Heat, Yes - Exhaust Sensible Heat > 512,277 btu/h), minimum sensible heat recovery of 50% required.
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Economizer required?



Climate Zone 5 (B & C) (Split System HP, cooling capacity >65,000 Btu/h) Climate Zone 7 (Split System HP, cooling capacity >135,000 Btu/h) Yes, high limit shutoff "Differential Dry Bulb" (Split System HP) Yes/No (Dependent on Cooling Capacity and Climate Zone)



All Climate Zone Yes, high limit shutoff "Differential Dry Bulb" (Split System HP)



All Climate Zone Yes, high limit shutoff "Differential Dry Bulb" (Split System HP) Yes/No (Dependent on Cooling Capacity, Yes - >= 54,000 Btu/h)



Yes/No (Dependant on Cooling Capacity or Supply Air Flow, Yes - Cooling Capacity >= 68,304 Btu/h or Supply Air Flow >= 3,178 cfm)



Mid-Rise Commercial Table 19: Detailed Summary of Inputs, Mid-Rise Commercial Mid-Rise Commercial ASHRAE 90.1-2004



ASHRAE 90.1-2010



NECB 2011



General Information Location Simulation Weather File Climate Zone



Vancouver, BC; Kamloops, BC; Prince George, BC Vancouver BC (Vancouver.bin) Kamloops, BC (Kamloops.bin) Prince George, BC (PrinceGeorge.bin) (Source: http://doe2.com/Download/Weather/CWEC/) ASHRAE Climate Zone 5 & 7



Building Type



Mid-Rise Commercial



No. of Storeys



Above Grade: 5



NECB Climate Zone 4, 5 & 7



Total Floor Area: 50,000 sq.ft



Floor Area Summary



Occupancy Density (#/sq.ft) Occupancy Schedule Parking Spaces
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Office (80%) Conference/Meeting Room (3%) Lobby (4%) Copy Room (4%) Elevator (4%) Washroom (2%) Stair (2%) Break Room (1%) Office Space: 0.005 Conference/Meeting Room: 0.05 Reception: 0.03 Telephone/Data entry: 0.06 Main Entry Lobby: 0.01 Office: 9am - 5pm Mon-Fri 66 Parking Spaces - Surface (150 sq.ft each)
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Design Conditions Heating: 70°F Cooling: 76°F Indoor Design Temperature



Setback Heating: 64°F Cooling: 82°F Vancouver, BC Summer DB: 74°F Summer WB: 64°F Winter DB: 23°F Kamloops, BC Summer DB: 88°F Summer WB: 63°F Winter DB: 0°F Prince George, BC Summer DB: 78°F Summer WB: 59°F Winter DB: -18°F



Outdoor Design Conditions



Utility Rates



Electricity



Large General Service Rate (>150 kW) Basic Charge: $0.1853/day Demand Charge: First 35 kW @ $0.00 per kW Next 115 kW @ $4.51 per KW All additional @ $8.66 per kW Energy Charge: Part 1 - First 14,800 kWh @ $0.0885 per kWh Additional kWh up to baseline @ $0.0426 per kWh



Natural Gas



Climate Zone 5 (South) Rate 2 Annual Gas Consumption < 2,000 GJ Basic Charge: 24.84/month Lower Mainland Energy Charge: 8.553/GJ Carbon Tax: 1.49/GJ Climate Zone 5 (Interior) & 7 (North) Rate 3 Annual Gas Consumption > 2,000 GJ Basic Charge: 132.52/month Inland Regions Energy Charge: 7.83/GJ Carbon Tax: 1.49/GJ
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Rate 2 Annual Gas Consumption < 2,000 GJ Basic Charge: 24.84/month Lower Mainland Energy Charge: 8.553/GJ Inland Regions Energy Charge: 8.527/GJ Carbon Tax: 1.49/GJ
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Envelope Performance Roof Construction (Conditioned) [BTU/(h·°F·ft²)]



Insulation entirely above deck: All Climate Zone R-15.9 overall (Min insulation req. R-15 c.i.)



Insulation entirely above deck: All Climate Zone R-20.8 overall (Min insulation req. R-20 c.i.)



Climate Zone 4 R-25.0 overall Climate Zone 5 R-31.0 overall Climate Zone 7 R-35.0 overall



External Wall Construction Above Grade (Conditioned) [BTU/(h·°F·ft²)]



Steel-frame: Climate Zone 5 R-11.9 overall (Min Insulation: R-13.0 + R-3.8 c.i.) Climate Zone 7 R-15.6 overall (Min Insulation: R-13.0 + R-7.5 c.i.)



Steel-frame: All Climate Zones U-0.064 R-15.6 overall) (Min Insulation: R-13.0 + R7.5 c.i.)



Climate Zone 4 R-18.0 overall Climate Zone 5 R-20.4 overall Climate Zone 7 R-27.0 overall



Slab-on-grade Insulation [BTU/(h·°F·ft²)]



All Climate Zone N/A



Climate Zone 5 N/A Climate Zone 7 R-15 for 24 in



All Climate Zone R-7.5 for 48 in



N/A (Air Leakage of 0.08 cfm/sq.ft assumed)



Continuous Air Barrier (Air Leakage < 0.04 cfm/sq.ft)



Air Leakage < 0.0492 cfm/sq.ft



Air Leakage



Fenestration Vertical Glazing Percentage



Vertical Overall Glass U-Value including Frame 2 [h·°F·ft /Btu] and Overall Solar Heat Gain Coefficient (Conditioned)



All Climate Zone 32% was used to maintain consistency with all climate zone and code U-values Exceed Code Climate Zone 5 Minimum Requirement, Climate Zone 4 U-values Exceed Code Typical Industry Practice U-values Exceed Code Minimum Requirement, Climate Zone 5 Minimum Requirement, Typical Industry Practice Typical Industry Practice Curtainwall Curtainwall U-0.40 Curtainwall U-0.40, SHGC-0.40 SHGCNORTH-0.49; SHGCOTHERU-0.40, SHGC-0.40 Climate Zone 5 0.39 Climate Zone 7 Curtainwall Curtainwall Climate Zone 7 U-0.387, SHGC-0.40 U-0.40, SHGC-0.45 Curtainwall Climate Zone 7 U-0.40 Curtainwall SHGCNORTH-0.64; SHGCOTHERU-0.387, SHGC-0.45 0.49



Skylight Glazing Percentage Skylight Overall Glass U-Value including Frame 2 [h·°F·ft /Btu] and Overall Solar Heat Gain Coefficient (Conditioned) Fenestration Orientation Shading Devices
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N/A



N/A



N/A



AS ≥ AW and AS ≥ AE (Equal glazing% on all orientation)



N/A



No shading device
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Internal Loads



Interior LDP Input



Lobby: 1.3 W/sq.ft Office Enclosed and Open: 1.1 W/sq. ft Conference/Meeting/Multipurpo se: 1.3 W/sq. ft Stair Active: 0.6 W/sq. ft Restrooms: 0.9 W/sq. ft



Lobby: 0.90 W/sq. ft Lobby (Elevator): 0.64 W/sq. ft Office Enclosed: 1.11 W/sq. ft Office Open: 0.98 W/sq. ft Conference/Meeting/Multipu rpose: 1.23 W/sq. ft Break Room: 0.73 W/sq.ft Stair Active: 0.69 W/sq. ft Restrooms: 0.98 W/sq. ft



Same as ASHRAE 2010, except Break Room: 0.873 W/sq.ft



Uncovered Parking Area 0.15 W/sq. ft (150 sq.ft/Stall and 1000 sq.ft additional spaces, 10,900 sq.ft, 1,635 W)



Exterior LDP Input



Building grounds Walkways less than 10 ft wide: 1.0 W/linear foot (410 ft, 410 W) Building entrances and exits Main Entries: 30 W/linear foot of door width (12ft, 360 W) Other doors: 20 W/linear foot of door width (12ft, 240 W) Canopies: 1.25 W/sq. ft (200 sq.ft, 250 W)



Same as 2004, except Entry Canopies: 0.4 W/sq. ft (200 sq.ft, 80 W) and Uncovered Parking Area: 0.13 W/sq. ft (10,900 sq.ft, 1,417 W)



Lighting Controls "Schedule" method used in model "Schedule" method used in model • Interior Lighting (Auto Shutoff)



Automatic Lighting Shutoff (Floor Area > 5000 sq. ft) Schedule, occupant sensor (within 30 minutes) or DDC signal 24/7 lighting exempted



Occupancy Sensor in Meeting Rooms and Employee Break Room • Interior Lighting (Space Control)



Occupancy Sensor (within 30 minutes) - Conference/meeting room, and employee lunch and break room.



Automatic Lighting Shutoff (All Floor Area) - Schedule, occupant sensor (within 30 minutes) or DDC signal 24/7 lighting exempted



Occupancy Sensor in Meeting Rooms, Employee Break Room, Enclosed Office, Storage and Restrooms (30% reduction in LPD assumed) Control Step (30% - 70%) and all off, corridors, elec/mech rooms, lobbies, restrooms, stairs, storage rooms, space with 1 luminarie at 100 W or less and space type with less than 0.6 W/sq. ft exempted;
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Occupancy Sensor in Meeting Rooms, Employee Break Room, Office, Storage and Restrooms (30% reduction in LPD assumed) Occupancy Sensor (within 30 min) - Conference/meeting room, employee lunch and break room, storage and supply rooms up to 1,076 sq. ft, copy/print rooms, office spaces up to 270 sq.ft, restrooms, and fitting and locker rooms (not in model).
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Occupancy Sensor (within 30 min) Conference/meeting room, employee lunch and break room, storage and supply rooms between 50 and 1000 sq. ft, rooms used for document copying and printing, office spaces up to 250 sq.ft, restrooms, and fitting and locker rooms (not in model).



• Stairwell Lighting



• Daylighting for Interior Primary Sidelighted Area (Windows)



N/A



N/A



• Daylighting for Interior Toplighted Area (Skylights)



Dawn to Dusk Operation Astronomical Time Control Dusk to Dawn Operation Astronomical Time Switch or Photosensor Building and garage entrance exempted.
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N/A



Daylight sensors in perimiter zones (multi-step dimming, 20% reduction in LPD)



Daylight sensors not required - combined primary sidelighted area does not exceed 1076 sq.ft



Primary sidelighted Area > 250 sq.ft in an enclosed space, daylight sensor with multi-control steps (50% to 70% and 0% to 35%), sidelighting effective aperture less than 10% and retail sales area exempted.



Primary sidelighted Area > 1076 sq.ft in an enclosed space, daylight sensor with multi-control steps (35% to 70% and 0% to 35%), sidelighting effective aperture less than 10% and retail sales area exempted.



N/A



Astronomical Time Control for dawn to dusk operation and Photosensor for dusk to dawn operation in Model. • Exterior Lighting Control



Reduce lighting by at least 50% within 30 minutes when no occupants are present (50% in model).



Photosensor and 30% reduction in Model. Photosensor to shuf off exterior lighting when sufficient daylight is available, all building façade and landscape lighting auto shutoff at midnight or business closing to 6 am or business opening. Others should reduce lighting by at least 30% from midnight to 6am or business opening. Building and garage entrance exempted.



Same as ASHRAE 2004 Dawn to Dusk Operation Photosensor or astronomical time control or photosensor and time switch Dusk to Dawn Operation Astronomical Time Control or Photosensor Building and garage entrance exempted.
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Receptacle Loads Plug-Loads (W/sq.ft)



Office: 0.75



Plug-Load Controls



Office Space Only (30% reduction in PLD) 50% of 125V, 15-A and 20-A receptacle loads shall be controlled by automatic control device that: • turns off receptacle loads on time-of-day schedule for spaces less than 25,000 sq.ft • uses occupancy sensors that turns off receptacle after 30 mins • sense when spaces are unoccupied Exceptions include: • equipment that requires 24h operation • spaces where automatic shut-off would endanger occupants/equipment



N/A



N/A



Central Plant



Hot Water Boiler; Gas-fired ≥300,000 btu/h and ≤ 2,500,000 btu/h 75% (Thermal Efficiency) Heating Plant Efficiency Requirement



Cooling Plant Efficiency Requirement



MAU Climate Zone 5 (South Coast) 80% Thermal Efficiency Climate Zone 5 (Interior) and Zone 7 (North) 80% Combustion Efficiency



Centrifugal Fan Fluid Cooler/Cooling Tower ≥ 20 gpm/hp



Hot Water Boiler; Gas-fired ≥300,000 btu/h and ≤ 2,500,000 btu/h 80% (Thermal Efficiency) MAU 80% Thermal Efficiency



Centrifugal Closed Circuit Fluid Cooler ≥ 7.0 gpm/hp



Fully Modulating Hot Water Boiler; Gas-fired (as per 5.2.11.4) ≥300,000 btu/h and ≤ 2,500,000 btu/h 83.0% (Thermal Efficiency) MAU Climate Zone 5 (South Coast and Interior) AFUE ≥ 92.4% Zone 7 (North) 81% Thermal Efficiency Centrifugal Closed Circuit Fluid Cooler: EIR = 0.015



Domestic Hot Water (Performance Requirement)



Hot Water Boiler; Gas-fired80% (Thermal Efficiency)



Pump Power



Auto-sized
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Distributed Mechanical Systems All Climate Zone Constant Volume for elevator System Description



Distributed Heat Pumps (Water Source) for all Others (Office, Conference Rooms, etc) Cooling Mode: 11.2 EER (


Total Supply Air Rates



Climate Zone 5 (Interior) MAU (HP): 4,746 CFM Distributed HP: Various Climate Zone 7 (North) MAU (HP): 4,974 CFM Distributed HP: Various



S/A Temperatures



Climate Zone 4 (South Coast) MAU (HP): 4,563 CFM Distributed HP: Various



Climate Zone 5 (Interior) MAU (HP): 4,746 CFM Distributed HP: Various



Climate Zone 5 (Interior) MAU (HP): 4,746 CFM Distributed HP: Various



Climate Zone 7 (North) MAU (HP): 4,974 CFM Distributed HP: Various



Climate Zone 7 (North) MAU (HP): 4,974 CFM Distributed HP: Various



eQuest Defaults Climate Zone 5 (South Coast) MAU (HP): 4,563 CFM (100% OA)



Total Outdoor Air Rates



Climate Zone 5 (South Coast) MAU (HP): 4,563 CFM Distributed HP: Various



Climate Zone 5 (Interior) MAU (HP): 4,746 CFM (100% OA) Climate Zone 7 (North) MAU (HP): 4,974 CFM (100% OA)



Area Outdoor Air Rate by Space Type (cfm/sq.ft)



Climate Zone 5 (South Coast) MAU (HP): 4,563 CFM (100% OA)



Climate Zone 4 (South Coast) MAU (HP): 4,563 CFM (100% OA)



Climate Zone 5 (Interior) MAU (HP): 4,746 CFM (100% OA)



Climate Zone 5 (Interior) MAU (HP): 4,746 CFM (100% OA)



Climate Zone 7 (North) MAU (HP): 4,974 CFM (100% OA)



Climate Zone 7 (North) MAU (HP): 4,974 CFM (100% OA)



ASHRAE 62.1-2001, Except Addendum N Referenced in NBC 2010 and BCBC 2012, Part 6



People Outdoor Air Rate by Space Type (cfm/person)



Exhaust Flow



Lobbies: 15 cfm/person Reception: 15 cfm/person Office: 20 cfm/person Meeting/Conference Room: 20 cfm/person Restroom: 50 cfm per water closet/urinal (350 cfm assume 7 per floor) Copy Room: 0.5 cfm/sq.ft



Fan Power



Fan Power meets ASHRAE requirements.



Fan Power meets ASHRAE requirements.



Fan Power meets NECB requirements.



Fan Control



Automatic controls based on time schedule for supply fans with motors greater than 0.75 hp. Assume constant speed drive.



Automatic controls based on time schedule for supply fans with motors greater than 0.75 hp. Assume constant speed drive.



Automatic controls based on time schedule for supply fans where zone heating or cooling capacity > 5kW. Assume constant speed drive.
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Climate Zone 5C Required for MAU (HP), Enthalpy Wheel - 50% heat recovery effectiveness.



Exhaust Air Heat Recovery?



Climate Zone 5 (B & C) & 7 Not Required



Climate Zone 5B Not Required



Yes/No (Dependent on SA and OA%, Yes - SA >= 5000 cfm, OA% >= 70%), > 50% heat recovery effectiveness.



Climate Zone 7 Required for MAU (HP), Enthalpy Wheel - 50% heat recovery effectiveness. Yes/No (Dependent on SA, OA% and climate zone), > 50% heat recovery effectiveness.



Economizer required?



Water-side economizer (Fluid Cooler)



Water-side economizer (Fluid Cooler)



Climate Zone 4 Not Required (MAU (HP) Exhaust < 9,192 cfm) Climate Zone 5 Not Required (MAU (HP) Exhaust < 5,602 cfm) Climate Zone 7 Required (MAU (HP) Exhaust > 4,775 cfm) Enthalpy Wheel - 50% heat recovery effectiveness. Yes/No (Dependent on Exhaust Sensible Heat, Yes Exhaust Sensible Heat > 512,277 btu/h), minimum sensible heat recovery of 50% required. Water-side economizer (Fluid Cooler)



Big Box Retail Table 20: Detailed Summary of Inputs, Big Box Retail Big Box Retail ASHRAE 90.1-2004



ASHRAE 90.1-2010



NECB 2011



General Information Location Simulation Weather File



Climate Zone



Vancouver, BC; Kamloops, BC; Prince George, BC Vancouver BC (Vancouver.bin) Kamloops, BC (Kamloops.bin) Prince George, BC (PrinceGeorge.bin) (Source: http://doe2.com/Download/Weather/CWEC/) ASHRAE Climate Zone 5 & 7



Building Type



Big Box Retail



No. of Storeys



Above Grade: 1



NECB Climate Zone 4, 5 & 7



Toal Floor Area: 100,000 sq.ft



Floor Area Summary



Retail Sales: 73% Warehouse: 17% Storage: 3% Office Spaces: 2% Shipping/Receiving: 2% Washroom: 2% Mech/Elec: 1%
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Occupancy Density (#/sq.ft) Occupancy Schedule Parking Spaces



Retail Sales Area: 0.015 Office Spaces: 0.005 Retail: Sun 8am-8pm; Mon-Fri 7am-10pm; Sat 7am-8pm Office: 9am - 5pm Mon-Fri 132 Parking Spaces - Surface (150 sq.ft each)



Design Conditions Heating: 70°F Cooling: 76°F Indoor Design Temperature



Outdoor Design Conditions



Setback Heating: 64°F Cooling: 82°F Vancouver, BC Summer DB: 74°F Summer WB: 64°F Winter DB: 23°F Kamloops, BC Summer DB: 88°F Summer WB: 63°F Winter DB: 0°F Prince George, BC Summer DB: 78°F Summer WB: 59°F Winter DB: -18°F



Utility Rates



Electricity



Large General Service Rate (>150 kW) Basic Charge: $0.1853/day Demand Charge: First 35 kW @ $0.00 per kW Next 115 kW @ $4.51 per KW All additional @ $8.66 per kW Energy Charge: Part 1 - First 14,800 kWh @ $0.0885 per kWh Additional kWh up to baseline @ $0.0426 per kWh



Natural Gas



Rate 3 Annual Gas Consumption > 2,000 GJ Basic Charge: 132.52/month Lower Mainland Energy Charge: 7.856/GJ Inland Regions Energy Charge: 7.83/GJ Carbon Tax: 1.49/GJ
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Envelope Performance



Metal Building: All Climate Zone R-15.4 overall (Min insulation req. R-19)



Metal Building: Climate Zone 5 R-18.2 overall (Min insulation req. R-13.0 + R-13.0) Climate Zone 7 R-20.4 overall (Min insulation req. R-13.0 + R-19.0)



Climate Zone 4 R-25.0 overall Climate Zone 5 R-31.0 overall Climate Zone 7 R-35.0 overall



External Wall Construction Above Grade (Conditioned) [BTU/(h·°F·ft²)]



Steel-frame: Climate Zone 5 R-11.9 overall (Min Insulation: R-13.0 + R-3.8 c.i.) Climate Zone 7 R-15.6 overall (Min Insulation: R-13.0 + R-7.5 c.i.)



Steel-frame: All Climate Zone R-15.6 overall (Min Insulation: R-13.0 + R7.5 c.i.)



Climate Zone 4 U-0.055 (R-18.0 overall) Climate Zone 5 U-0.049 (R-20.4 overall) Climate Zone 7 U-0.037 (R-27.0 overall)



Slab-on-grade Insulation [BTU/(h·°F·ft²)]



All Climate Zone N/A



Climate Zone 5 N/A Climate Zone 7 R-15 for 24 in



All Climate Zone R-7.5 for 48 in



N/A (Air Leakage of 0.08 cfm/sq.ft assumed)



Continuous Air Barrier (Air Leakage < 0.04 cfm/sq.ft)



Air Leakage < 0.0492 cfm/sq.ft



Roof Construction (Conditioned) [BTU/(h·°F·ft²)]



Air Leakage



Fenestration Vertical Glazing Percentage



Vertical Overall Glass U-Value including Frame 2 [h·°F·ft /Btu] and Overall Solar Heat Gain Coefficient (Conditioned)



All Climate Zone Window in Storefront and Back Office Only 23% U-values Exceed Code Minimum Requirement, Typical Industry Practice Climate Zone 5 Climate Zone 4 Climate Zone 5 Metal Framing (all other) Metal framing (other) Fixed Window U-value Exceed Code U-value Exceed Code U-0.40 Minimum Requirement, Minimum Requirement, Typical SHGCNORTH-0.49; Typical Industry Practice Industry Practice SHGCOTHER-0.39 U-0.40, SHGC-0.40 U-0.40, SHGC-0.40 Metal Framing (storefront) Metal Framing (storefront) Metal framing (storefront) U-0.45 U-0.45, SHGC-0.40 U-0.423, SHGC-0.40 SHGCNORTH-0.49; Climate Zone 7 Climate Zone 5 SHGCOTHER-0.39 Metal Framing (all other) Metal framing (other), Metal Climate Zone 7 Framing (storefront) U-value Exceed Code Fixed Window Minimum Requirement, U-0.387, SHGC-0.40 U-0.40 Climate Zone 7 Typical Industry Practice SHGCNORTH-0.64; Metal framing (other), Metal U-0.40, SHGC-0.45 SHGCOTHER-0.49 Metal Framing (storefront) Framing (storefront) Metal Framing (storefront) U-0.40, SHGC-0.45 U-0.387, SHGC-0.45 U-0.45 SHGCNORTH-0.64; SHGCOTHER-0.49
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Skylight Glazing Percentage



Skylight Overall Glass U-Value including Frame 2 [h·°F·ft /Btu] and Overall Solar Heat Gain Coefficient (Conditioned) Fenestration Orientation



Climate Zone 5 Only5% was used to maintain consistency with ASHRAE 90.1-2010



Climate Zone 5 Only5%



Climate Zone 4 and 5 Only5% was used to maintain consistency with ASHRAE 90.1-2010



Climate Zone 5 Only Skylight with Curb, Plastic U-1.10 SHGC-0.62



Climate Zone 5 Only Skylight with Curb, Plastic U-1.10 SHGC-0.62



Climate Zone 4 and 5 Only Skylight with Curb, Plastic (U1.10 SHGC-0.62) was used in place of U-0.387 as stated in NECB 2011 to reflect that skylight is not a mandatory requirement of NECB



N/A



AS ≥ AW and AS ≥ AE



N/A



Shading Devices



No shading device



Internal Loads



Interior LDP Input



Sales Area: 1.7 W/sq. ft Office Enclosed and Open: 1.1 W/sq. ft Active Storage/Shipping & Receiving: 0.8 W/sq. ft Restrooms: 0.9 W/sq. ft Electrical/Mechanical: 1.5 W/sq. ft Warehouse: 0.9 W/sq.ft



Sales Area: 1.68 W/sq. ft Office Enclosed: 1.11 W/sq. ft Storage/Shipping & Receiving: 0.63 W/sq. ft Restrooms: 0.98 W/sq. ft Electrical/Mechanical: 0.95 W/sq. ft Warehouse: 0.58 W/sq.ft



Same as ASHRAE 2010, except Electrical/Mechanical: 1.24 W/sq. ft



Uncovered Parking Area 0.15 W/sq. ft (150 sq.ft/Stall and 2000 sq.ft additional spaces, 21,800 sq.ft, 3,270 W)



Exterior LDP Input



Building grounds Walkways less than 10 ft wide: 1.0 W/linear foot (1000 ft, 1000W)



Same as 2004, except Uncovered Parking Area: 0.13 W/sq. ft (21,800 sq.ft, 2,834 W)



Building entrances and exits Main Entries: 30 W/linear foot of door width (12ft, 360 W) Other doors: 20 W/linear foot of door width (12ft, 240 W) Lighting Controls "Schedule" method used in model "Schedule" method used in model • Interior Lighting (Auto Shutoff)
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Automatic Lighting Shutoff (Floor Area > 5000 sq. ft) Schedule, occupant sensor (within 30 minutes) or DDC signal 24/7 lighting exempted



Automatic Lighting Shutoff (All Floor Area) - Schedule, occupant sensor (within 30 minutes) or DDC signal 24/7 lighting exempted
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Occupancy Sensor in Office, Storage and Restrooms (30% reduction in LPD assumed)



Not Required • Interior Lighting (Space Control)



• Stairwell Lighting



Occupancy Sensor (within 30 minutes) - Conference/meeting room, and employee lunch and break room (not in model).



N/A



Control Step (30% - 70%) and all off, corridors, elec/mech rooms, lobbies, restrooms, stairs, storage rooms, space with 1 luminarie at 100 W or less and space type with less than 0.6 W/sq. ft exempted; Occupancy Sensor (within 30 min) Conference/meeting room (not in model), employee lunch and break room (not in model), storage and supply rooms between 50 and 1000 sq. ft, rooms used for document copying and printing (not in model), office spaces up to 250 sq.ft, restrooms, and fitting and locker rooms (not in model). N/A Daylighting Sensor in Enclosed Office (multistep dimming, 20% reduction in LPD)



• Daylighting for Interior Primary Sidelighted Area (Windows)



• Daylighting for Interior Toplighted Area (Skylights)



N/A



N/A



Primary sidelighted Area > 250 sq.ft in an enclosed space, daylight sensor with multi-control steps (50% to 70% and 0% to 35%), sidelighting effective aperture less than 10% and retail sales area exempted. Climate Zone 5 Daylighting Sensor in Core Retail Spaces and Core Warehouse Space (multi-step descrete control, 20% reduction in LPD) Total daylight area under skylight > 900 sq.ft in an enclosed space, daylight sensor with multi-control steps (50% to 70% and 0% to 35%)
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Occupancy Sensor in Office, Storage and Restrooms (30% reduction in LPD assumed) Occupancy Sensor (within 30 min) - Conference/meeting room (not modeled), employee lunch and break room (not modeled), storage and supply rooms up to 1,076 sq. ft, office spaces up to 270 sq.ft, restrooms, and fitting and locker rooms (not modeled).



N/A Enclosed Office Space with primary sidelighting area of 1020 sq.ft, therefore, daylighting sensors are not required. Primary sidelighted Area > 1076 sq.ft in an enclosed space, daylight sensor with multi-control steps (35% to 70% and 0% to 35%), sidelighting effective aperture less than 10% and retail sales area exempted. Climate Zone 4 and 5 Enclosed Core Retail Spaces and Core Warehouse Space with total daylight area under skylight < 4300 sq.ft, therefore, daylighting sensors are not required. Total daylight area under skylight > 4300 sq.ft in an enclosed space, daylight sensor with multi-control steps (50% to 70% and 0% to 35%)
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Astronomical Time Control for dawn to dusk operation and Photosensor for dusk to dawn operation in Model. • Exterior Lighting Control



Dawn to Dusk Operation Astronomical Time Control Dusk to Dawn Operation Astronomical Time Switch or Photosensor Building and garage entrance exempted.



Photosensor and 30% reduction in Model. Photosensor to shuf off exterior lighting when sufficient daylight is available, all building façade and landscape lighting auto shutoff at midnight or business closing to 6 am or business opening. Others should reduce lighting by at least 30% from midnight to 6am or business opening. Building and garage entrance exempted.



Same as ASHRAE 2004 Dawn to Dusk Operation Photosensor or astronomical time control or photosensor and time switch Dusk to Dawn Operation Astronomical Time Control or Photosensor Building and garage entrance exempted.



Receptacle Loads Plug-Loads (W/sq.ft)



Plug-Load Controls



Retail Sale Areas: 0.25 Office Spaces: 0.75 Office Space Only (30% reduction in PLD) At least 50% of 125V, 15-A and 20-A receptacle loads shall be controlled by an automatic control device that: • turns off receptacle loads on time-of-day schedule or • uses occupancy sensors that turn off receptacle loads within 30min Exceptions include: • equipment that requires 24h operation • spaces where automatic shut-off would endanger occupants/room safety



N/A



N/A



Central Plant Heating Plant Efficiency Requirement
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Gas-fired RTU 80% (Combustion Efficiency)



Gas-fired RTU 80% (Thermal Efficiency)



Gas-fired RTU 81% (Thermal efficiency)
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Cooling Plant Efficiency Requirement



Climate Zone 5 (South Coast) Packaged RTU (Retail Core) DX Cooling EER - 9.0, Cooling Capacity: 985,000 Btu/h Packaged RTU (Other) - DX Cooling EER - 9.3, Cooling Capacity: 667,000 Btu/h Climate Zone 5 (Interior) Packaged RTU (Retail Core) DX Cooling EER - 9.0, Cooling Capacity: 1,291,000 Btu/h Packaged RTU (Other) - DX Cooling EER - 9.0, Cooling Capacity: 949,000 Btu/h Climate Zone 7 (North) Packaged RTU (Retail Core) DX Cooling EER - 9.3, Cooling Capacity: 617,000 Btu/h Packaged RTU (Other) - DX Cooling EER - 9.3, Cooling Capacity: 714,000 Btu/h



Domestic Hot Water (Performance Requirement)



Climate Zone 5 (South Coast) Packaged RTU (Retail Core) - DX Cooling EER - 9.5, Cooling Capacity: 926,000 Btu/h Packaged RTU (Other) - DX Cooling EER - 9.8, Cooling Capacity: 648,000 Btu/h Climate Zone 5 (Interior) Packaged RTU (Retail Core) - DX Cooling EER - 9.5, Cooling Capacity: 1,112,000 Btu/h Packaged RTU (Other) - DX Cooling EER - 9.5, Cooling Capacity: 833,000 Btu/h Climate Zone 7 (North) Packaged RTU (Retail Core) - DX Cooling EER - 9.8, Cooling Capacity: 637,000 Btu/h Packaged RTU (Other) - DX Cooling EER - 9.8, Cooling Capacity: 675,000 Btu/h



Electric Water Heater: 93%



Pump Power Distributed Mechanical Systems System Description



Total Supply Air Rates



S/A Temperatures



Climate Zone 4 (South Coast) Packaged RTU (Retail Core) DX Cooling EER - 9.5, Cooling Capacity: 1,002,400 Btu/h Packaged RTU (Other) - DX Cooling EER - 9.7, Cooling Capacity: 646,000 Btu/h Climate Zone 5 (Interior) Packaged RTU (Retail Core) DX Cooling EER - 9.5, Cooling Capacity: 1,194,000 Btu/h Packaged RTU (Other) - DX Cooling EER - 9.5, Cooling Capacity: 851,000 Btu/h Climate Zone 7 (North) Packaged RTU (Retail Core) DX Cooling EER - 9.7, Cooling Capacity: 649,000 Btu/h Packaged RTU (Other) - DX Cooling EER - 9.7, Cooling Capacity: 669,000 Btu/h



Auto-sized



All Climate Zone Constant Volume Multizone System Climate Zone 5 (South Coast) Packaged RTU (Retail Core): 32599 cfm Packaged RTU (Other): 22919 cfm Climate Zone 5 (Interior) Packaged RTU (Retail Core): 38094 cfm Packaged RTU (Other): 30922 cfm Climate Zone 7 (North) Packaged RTU (Retail Core): 21638 cfm Packaged RTU (Other): 27475 cfm



Climate Zone 5 (South Coast) Packaged RTU (Retail Core): 30434 cfm Packaged RTU (Other): 22297 cfm Climate Zone 5 (Interior) Packaged RTU (Retail Core): 35581 cfm Packaged RTU (Other): 28893 cfm Climate Zone 7 (North) Packaged RTU (Retail Core): 21823 cfm Packaged RTU (Other): 25346 cfm



Climate Zone 4 (South Coast) Packaged RTU (Retail Core): 33259 cfm Packaged RTU (Other): 22190 cfm Climate Zone 5 (Interior) Packaged RTU (Retail Core): 38444 cfm Packaged RTU (Other): 29623 cfm Climate Zone 7 (North) Packaged RTU (Retail Core): 22250 cfm Packaged RTU (Other): 25054 cfm



eQuest Defaults
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Total Outdoor Air Rates



Area Outdoor Air Rate by Space Type (cfm/sq.ft)



Climate Zone 5 (South Climate Zone 5 (South Climate Zone 4 (South Coast) Coast) Coast) Packaged RTU (Retail Core): Packaged RTU (Retail Packaged RTU (Retail Core): 15517 cfm (48% OA) Core): 15517 cfm (51% OA) 15532 cfm (47% OA) Packaged RTU (Other): 7884 Packaged RTU (Other): Packaged RTU (Other): 7900 cfm (34% OA) 7893 cfm (35% OA) cfm (36% OA) Climate Zone 5 (Interior) Climate Zone 5 (Interior) Climate Zone 5 (Interior) Packaged RTU (Retail Core): Packaged RTU (Retail Packaged RTU (Retail Core): 16140 cfm (42% OA) Core): 16140 cfm (45% OA) 16146 cfm (42% OA) Packaged RTU (Other): 8195 Packaged RTU (Other): Packaged RTU (Other): 8206 cfm (27% OA) 8206 cfm (28% OA) cfm (28% OA) Climate Zone 7 (North) Climate Zone 7 (North) Climate Zone 7 (North) Packaged RTU (Retail Core): Packaged RTU (Retail Packaged RTU (Retail Core): 16916 cfm (78% OA) Core): 16916 cfm (78% OA) 16910 cfm (76% OA) Packaged RTU (Other): 8600 Packaged RTU (Other): Packaged RTU (Other): 8594 cfm (31% OA) 8592 cfm (34% OA) cfm (34% OA) ASHRAE 62.1-2001, Except Addendum N Referenced in NBC 2010 and BCBC 2012, Part 6 Retail Sales: 0.30 cfm/sq.ft Office: 20 cfm/person Storage: 0.15 cfm/sq.ft Warehouse: 0.05 cfm/sq.ft



People Outdoor Air Rate by Space Type (cfm/person) Exhaust Flow



Restroom: 50 cfm per water closet/urinal (500 cfm assume 10 per floor)



Fan Power



Fan Power meets ASHRAE requirements



Fan Control



Automatic controls based on time schedule for supply fans with motors greater than 0.75 hp. Assume constant speed drive.



Exhaust Air Heat Recovery?



Climate Zone 5 (B & C) Not Required Climate Zone 7 Required for Packaged RTU (Retail Core), Enthalpy Wheel - 50% heat recovery effectiveness. Yes/No (Dependent on SA and OA%, Yes - SA >= 5000 cfm, OA% >= 70%), > 50% heat recovery effectiveness.
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Fan Power meets ASHRAE requirements



Climate Zone 5C Required for Packaged RTU (Retail Core), Enthalpy Wheel - 50% heat recovery effectiveness. Climate Zone 5B Not Required Climate Zone 7 Required for Packaged RTU (Retail Core) and Packaged RTU (Others), Enthalpy Wheel - 50% heat recovery effectiveness. Yes/No (Dependent on SA, OA% and climate zone), > 50% heat recovery effectiveness.



Fan Power meets NECB requirements Automatic controls based on time schedule for supply fans where zone heating or cooling capacity > 5kW. Assume constant speed drive. Climate Zone 4C Required (Exhaust > 9,192 cfm), Packaged RTU (Retail Core) Climate Zone 5B Required (Exhaust > 5,602 cfm), Packaged RTU (Retail Core) and Packaged RTU (Others) Climate Zone 7 Required (Exhaust > 4,775 cfm), Packaged RTU (Retail Core) and Packaged RTU (Others) Yes/No (Dependent on Exhaust Sensible Heat, Yes Exhaust Sensible Heat > 512,277 btu/h), minimum sensible heat recovery of 50% required.
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Economizer required?



Climate Zone 5 (B & C) (Packaged RTU (Retail Core) and Packaged RTU (Others), cooling capacity >65,000 Btu/h) Climate Zone 7 (Packaged RTU (Retail Core) and Packaged RTU (Others), cooling capacity >135,000 Btu/h) Yes, high limit shutoff "Differential Dry Bulb" Yes/No (Dependent on Cooling Capacity and Climate Zone)



All Climate Zone Yes, high limit shutoff "Differential Dry Bulb", Packaged RTU (Retail Core) and Packaged RTU (Others). Yes/No (Dependent on Cooling Capacity, Yes - >= 54,000 Btu/h)
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All Climate Zone Yes, high limit shutoff "Differential Dry Bulb", Packaged RTU (Retail Core) and Packaged RTU (Others). Yes/No (Dependant on Cooling Capacity or Supply Air Flow, Yes - Cooling Capacity >= 68,304 Btu/h or Supply Air Flow >= 3,178 cfm)
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Appendix B: GHG Emission Assumptions



GHG Emissions This section summarizes the greenhouse gas emissions context for the region, as a means of framing the analysis and results of the study. Greenhouse gases (GHGs) are gases that contribute to climate change by trapping the sun’s heat within the earth’s atmosphere. Although not all sources of GHGs are anthropogenic (i.e., created by the activities of humans) it is the opinion of the majority of the world’s scientists (as represented by the Intergovernmental Panel on Climate Change) that human activity is having a measurable and significant impact on the release of GHG emissions. As noted in the 2007 IPCC Synthesis Report: “Most of the observed increase in global average temperatures since the mid-20th century is very likely due to the observed increase in anthropogenic GHG concentrations. It is likely that there has been significant anthropogenic warming over the past 50 years averaged over each continent.” The main sources of GHG emissions associated with the operation of buildings are typically divided into the following two categories: 1. Direct emissions from consuming fossil fuels and biomass fuels burned in furnaces, boilers, and other stationary combustion equipment within the building; and 2. Indirect emissions through the consumption of purchased electricity (used for lighting, heating, equipment, etc), which is generated off site at the power plant. There are a variety of different types of electricity generation plants used across BC, as summarized below, each having a different impact of GHG emissions. Emission Factors (EFs) GHG emissions are estimated by multiplying the energy consumption (measured in kWh or GJ of energy) by the appropriate emission factor (EF) for that fuel. An emission factor is a measure of the GHG emissions emitted per unit of energy consumption; typical units include grams of equivalent carbon dioxide9 per gigajoule (gCO2e/GJ) and grams of equivalent carbon dioxide per kilowatt hour (gCO2e/kWh). The EFs for fuel combustion are typically constant and prescribed by governments, environment departments, GHG programs, or other authoritative



9



Equivalent carbon dioxide (CO2e) describes how much global warming a given amount of any one of the 5 primary greenhouse gases may cause, using as the reference the functionally equivalent amount of carbon dioxide (CO 2)
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bodies. These EFs are developed considering fuel properties including carbon content, density, heating values and combustion technologies. EFs used to quantify GHG emissions associated with electricity generation and use are more complicated. Electricity EFs for each province vary depending on the mix of fuel sources that are used to generate the electricity. Electricity EFs do not include transmission and distribution losses incurred in delivering electricity to the point of use; similarly, fossil fuel EFs do not include transmission losses associated with transporting fossil fuels to the site. In reality the EF varies hourly as a mix of base, intermediate and peaking load power plants are used in order to achieve a good match between electricity demand and generation within a province or region. Further, when calculating GHG savings associated with implementing energy conservation, the EF used should reflect the fuel used to generate electricity assuming new supply is required to accommodate increased demand (i.e. at the margin). As such, marginal EFs have been sourced for this study, as summarized in Table 21. Table 21 summarizes the Weighted Annual Marginal EF (in gCO2e/kWh) for electricity generation in BC, as well as the Average EF for comparison (both from the same study10). The Weighted Annual Marginal EF for BC is the EF used in this study to calculate GHG savings. Table 21: GHG Emission Factors for BC



Emission Factor Fuel Type Electricity1 Natural Gas2



Average 22



Weighted Annual Marginal 18 49



Units g CO2e / kWh g CO2e / ekWh



1. International Journal of Energy Research, “Greenhouse gas emission intensity factors for marginal electricity generation in Canada”, (March 2010) 2. Environment Canada, National Inventory Report 1990 to 2008: Part 3.



It should be noted that there are numerous EFs available for different sources and sectors of the economy. Expert advice should be sought prior to using emission factors to quantify emissions. The application of an incorrect emission factor can lead to inaccurate GHG emissions estimates. The sources of electrical generation in BC are summarized here: “The electricity generation system in British Columbia (BC) includes 30 integrated hydroelectric generating plants; one gas-fired thermal power plant and two combustion turbine plants. Over 90% of the total system load is served by hydro facilities. The



10



Source: International Journal of Energy Research, “Greenhouse gas emission intensity factors for marginal electricity generation in Canada”, (March 2010)
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remaining 10% is served by a combination of NG-fired power plants, and energy imports from AB and the US Pacific Northwest”10 Due to the prevalence of hydroelectric generation, there is not much difference between the average EF and the weighted annual marginal EF; however, in other provinces the difference can be an order of magnitude.



62



hi c:\users\ihood\desktop\bcbc update\rpt01_bc_energy_code_comparison__update_201201018.docx



BC ENERGY CODE COMPARISON (FINAL REPORT) Appendix C: Detailed Results October 18, 2012



Appendix C: Detailed Results



This section summarizes the results in more detail. Table 22: Summary of Results, Base Case, ASHRAE 90.1-2004
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Table 23: Summary of Results, ASHRAE 90.1-2010



Table 24: Summary of Results, NECB-2011
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Table 25: Energy Consumption by End Use, Archetype, and Climate Region (ekWh)
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Table 26: Percentage Energy Savings by End Use, Archetype, and Climate Region (%)
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Appendix D: Detailed Cost Analysis



This section summarizes the incremental capital costing in more detail. Table 27: Detailed Summary of Incremental Capital Costing, ASHRAE 90.1-2004 to ASHRAE 90.1-2010, Mid-Rise Residential w/ CRUs Baseline Case (ASHRAE 90.1-2004) Measure Name



South ECM-1: Increased Roof R-value



Item



Description



1



Insulation Entirely Above Deck R-15.9 overall (Min insulation req. R-15 c.i.)



Quantity



10,000



Unit



ft2



Cost per Unit $



Proposed Case (ASHRAE 90.1-2010) Capital Cost $



2.84



28,437



Total



28,437



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Insulation Entirely Above Deck R-20.8 overall (Min insulation req. R-20 c.i.)



10,000



ft2



3.7



37,200



Total



37,200



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



Interior ECM-1: Increased Roof R-value



Item



Description



1



Insulation Entirely Above Deck R-15.9 overall (Min insulation req. R-15 c.i.)



Quantity



10,000



Unit



ft2



Cost per Unit $



Proposed Case (ASHRAE 90.1-2010) Capital Cost $



2.84



28,437



Total



28,437



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Insulation Entirely Above Deck R-20.8 overall (Min insulation req. R-20 c.i.)



10,000



ft2



3.7



37,200



Total



37,200



ASHRAE 2010 Incremental Capital Cost
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Baseline Case (ASHRAE 90.1-2004) Measure Name



North ECM-1: Increased Roof R-value



Item



Description



1



Insulation Entirely Above Deck R-15.9 overall (Min insulation req. R-15 c.i.)



Quantity



10,000



Unit



ft2



Cost per Unit $



Proposed Case (ASHRAE 90.1-2010) Capital Cost $



2.84



28,437



Total



28,437



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Insulation Entirely Above Deck R-20.8 overall (Min insulation req. R-20 c.i.)



10,000



ft2



3.7



37,200



Total



37,200



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



South ECM-2: Increased Wall/Slab-on-grade R-value



Quantity



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Above-grade Wall (Wood) R-19.6 overall (Min insulation: R13.0 + R7.5 c.i.)



11,140



ft2



2.7



29,967



5,486



2



Above-grade Wall (Steel-frame) R-15.6 overall (Min Insulation: R13.0 + R-7.5 c.i.)



2,785



ft2



2.7



7,492



0.00



-



3



Slab on grade (not required)



-



ft2



0.00



-



Total



16,004



Total



37,458



Description



1



Above-grade Wall (Wood) R-11.2 overall (Min insulation: R13.0)



2



Above-grade Wall (Steel-frame) R-11.9 overall (Min Insulation: R13.0 + R-3.8 c.i.)



2,785



ft2



2.0



3



Slab on grade (not required)



-



ft2



ft2



Proposed Case (ASHRAE 90.1-2010) Item



Item



11,140



Unit



Cost per Unit $



0.94



Capital Cost $



10,518



ASHRAE 2010 Incremental Capital Cost
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Baseline Case (ASHRAE 90.1-2004) Measure Name



Interior ECM-2: Increased Wall/Slab-on-grade R-value



Quantity



Cost per Unit $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Above-grade Wall (Wood) R-19.6 overall (Min insulation: R13.0 + R-7.5 c.i.)



11,140



ft2



2.7



29,967



5,486



2



Above-grade Wall (Steel-frame) R-15.6 overall (Min Insulation: R13.0 + R-7.5 c.i.)



2,785



ft2



2.7



7,492



0.00



-



3



Slab on grade (not required)



-



ft2



0.00



-



Total



16,004



Total



37,458



Item



Description



1



Above-grade Wall (Wood) R-11.2 overall (Min insulation: R13.0)



2



Above-grade Wall (Steel-frame) R-11.9 overall (Min Insulation: R13.0 + R-3.8 c.i.)



2,785



ft2



1.97



3



Slab on grade (not required)



-



ft2



11,140



Unit



ft2



Proposed Case (ASHRAE 90.1-2010)



0.94



Capital Cost $



10,518



ASHRAE 2010 Incremental Capital Cost
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Baseline Case (ASHRAE 90.1-2004) Measure Name



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Above-grade Wall (Wood) R-19.6 overall (Min insulation: R13.0 + R7.5 c.i.)



11,140



ft2



2.7



29,967



7,492



2



Above-grade Wall (Steel-frame) R-15.6 overall (Min Insulation: R13.0 + R-7.5 c.i.)



2,785



ft2



2.7



7,492



0.00



-



3



Slab on grade (R15 for 24 in.)



800



ft2



2.45



1,960



Total



37,458



Total



39,418



Description



1



Above-grade Wall (Wood) R-19.6 overall (Min insulation: R13.0 + R-7.5 c.i.)



2



Above-grade Wall (Steel-frame) R-15.6 overall (Min Insulation: R13.0 + R-7.5 c.i.)



2,785



ft2



2.7



3



Slab on grade (not required)



-



ft2



11,140



Unit



Cost per Unit $



Item



North ECM-2: Increased Wall/Slab-on-grade R-value



Quantity



ft2



Proposed Case (ASHRAE 90.1-2010)



2.7



Capital Cost $



29,967



ASHRAE 2010 Incremental Capital Cost



70



hi c:\users\ihood\desktop\bcbc update\rpt01_bc_energy_code_comparison__update_201201018.docx



$1,960



BC ENERGY CODE COMPARISON (FINAL REPORT) Appendix D: Detailed Cost Analysis October 18, 2012



Baseline Case (ASHRAE 90.1-2004) Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



1



Above-grade Wall (Wood)



11,140



ft2



0.160



1,782



1



2



Above-grade Wall (Steel-frame)



2,785



ft2



0.160



446



2



3



Roof



10,000



ft2



0.160



1,600



3



Total



3,828



Measure Name



All Climate Zone ECM-3: Continuous Air Barrier



Proposed Case (ASHRAE 90.1-2010) Description



Quantity



Unit



Cost per Unit $



Capital Cost $



11,140



ft2



0.300



3,342



2,785



ft2



0.300



836



10,000



ft2



0.300



3,000



Total



7,178



Above-grade Wall (Wood) Above-grade Wall (Steelframe) Roof



Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name Item



Description



1



Residential Operable Window U-0.30 SHGCNORTH-0.49; SHGCOTHER-0.39



2



Retail - Fixed Window U-0.45 SHGCNORTH-0.49; SHGCOTHER-0.39



South ECM-4: Decreased Window U-value



Quantity



5,260



1,315



Unit



ft2



ft2



Cost per Unit $



43.0



Proposed Case (ASHRAE 90.1-2010) Capital Cost $



226,180



65.0



85,475



Total



311,655



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Residential Nonmetal Framing (all other) U-0.30, SHGC0.40



5,260



ft2



43.0



226,180



2



Retail Metal Framing (storefront) U-0.45, SHGC0.40



1,315



ft2



65.0



85,475



Total



311,655



ASHRAE 2010 Incremental Capital Cost
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Baseline Case (ASHRAE 90.1-2004) Measure Name Item



Description



1



Residential - Operable Window U-0.30 SHGCNORTH-0.49; SHGCOTHER-0.39



2



Retail - Fixed Window U-0.45 SHGCNORTH-0.49; SHGCOTHER-0.39



Interior ECM-4: Decreased Window U-value



Quantity



5,260



1,315



Unit



ft2



ft2



Cost per Unit $



43.0



Proposed Case (ASHRAE 90.1-2010) Capital Cost $



226,180



65.0



85,475



Total



311,655



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Residential Nonmetal Framing (all other) U-0.30, SHGC0.40



5,260



ft2



43.0



226,180



2



Retail Metal Framing (storefront) U-0.45, SHGC0.40



1,315



ft2



65.0



85,475



Total



311,655



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name Item



Description



1



Residential - Operable Window U-0.30 SHGCNORTH-0.64; SHGCOTHER-0.49



2



Retail - Fixed Window U-0.45 SHGCNORTH-0.64; SHGCOTHER-0.49



North ECM-4: Decreased Window U-value



Quantity



5,260



1,315



Unit



ft2



ft2



Cost per Unit $



43.0



Proposed Case (ASHRAE 90.1-2010) Capital Cost $



226,180



65.0



85,475



Total



311,655



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Residential Nonmetal Framing (all other) U-0.30, SHGC0.40



5,260



ft2



43.0



226,180



2



Retail Metal Framing (storefront) U-0.40, SHGC0.45



1,315



ft2



65.0



85,475



Total



311,655



ASHRAE 2010 Incremental Capital Cost
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Baseline Case (ASHRAE 90.1-2004) Measure Name Item 1 All Climate Zone ECM-5: Reduced Interior LPD



2 3 5



Description Corridor: 0.5 W/sq. ft Stairway: 0.6 W/sq. ft Lobby: 1.3 W/sq.ft Sale Area: 1.7 W/sq.ft



Proposed Case (ASHRAE 90.1-2010)



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



4,950



ft2



0.52



2,574



1



490



ft2



0.56



274



2



973



ft2



1.44



1,401



3



8,665



ft2



0.27



2,340



5



Total



6,589



Description Corridor: 0.66 W/sq. ft Stairway: 0.69 W/sq.ft Lobby for elevator: 0.64 W/sq.ft Sale Area: 1.68 W/sq.ft



Quantity



Unit



Cost per Unit $



Capital Cost $



4,950



ft2



0.68



3,366



490



ft2



0.66



323



973



ft2



0.71



691



8,665



ft2



0.27



2,340



Total



6,720



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



$131



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



None



-



-



0.0



-



1



Occupancy Sensor (Stair)



5



ea



225.0



1,125



2



Typical Ballast



5



ea



105.0



525



2



Dimmable Ballast (Stair)



5



ea



125.0



625



Total



525



Total



1,750



All Climate Zone ECM-6: Interior Lighting Controls



ASHRAE 2010 Incremental Capital Cost
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$1,225
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Baseline Case (ASHRAE 90.1-2004) Measure Name Item All Climate Zone ECM-7: Reduced Exterior LPD



1 2



Description Canopies: 1.25 W/sq. ft Uncovered Parking Area 0.15 W/sq. ft



Proposed Case (ASHRAE 90.1-2010)



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



200



ft2



4.20



840



1



Entry Canopies: 0.4 W/sq. ft



200



ft2



2.10



420



10,900



ft2



4.96



54,064



2



Uncovered Parking Area: 0.13 W/sq. ft



10,900



ft2



4.86



52,974



Total



54,904



Total



53,394



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



All Climate Zone ECM-8: Exterior Lighting Control



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Typical Ballast



8



ea



105.0



840



1



Dimmable Ballast



8



ea



125.0



1,000



2



None



-



-



0.0



-



2



Dimming Control System



1



ea



175.0



175



Total



840



Total



1,175



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name South ECM-9: Increased Furnace Efficiency (MAU)



$335



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Thermal Efficiency: 80%



109,492



Btu/h



0.056



6,132



1



Thermal Efficiency: 80%



109,499



Btu/h



0.056



6,132



Total



6,132



Total



6,132



ASHRAE 2010 Incremental Capital Cost
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Baseline Case (ASHRAE 90.1-2004) Measure Name Interior ECM-9: Increased Furnace Efficiency (MAU)



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Thermal Efficiency: 80%



218,679



Btu/h



0.056



12,246



1



Thermal Efficiency: 80%



222,081



Btu/h



0.056



12,437



Total



12,246



Total



12,437



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name North ECM-9: Increased Furnace Efficiency (MAU)



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Combustion Efficiency: 80%



309,166



Btu/h



0.056



17,313



1



Thermal Efficiency: 80%



309,500



Btu/h



0.056



17,332



Total



17,313



Total



17,332



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



South ECM-10: Split System Heat Pump



$191



Item



Description



1



Heating COP: 3.1 (47°F Dry Bulb) 201,021 Btu/h Cooling EER: 9.1 172,909 Btu/h



Quantity



1



Unit



Cost per Unit $



ea



Proposed Case (ASHRAE 90.1-2010) Capital Cost $



35,200



35,200



Total



35,200



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Heating COP: 3.2 (47°F Dry Bulb) 177,236 Btu/h Cooling EER: 10.4 - 168,757 Btu/h



1



ea



33,600



33,600



Total



33,600



ASHRAE 2010 Incremental Capital Cost
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75



$1,600
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Baseline Case (ASHRAE 90.1-2004) Measure Name



Interior ECM-10: Split System Heat Pump



Item



Description



1



Heating COP: 2.0 (17°F Dry Bulb) 208,781 Btu/h Cooling EER: 8.8 269,187 Btu/h



Quantity



1



Unit



ea



Cost per Unit $



Proposed Case (ASHRAE 90.1-2010) Capital Cost $



56,733



56,733



Total



56,733



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Heating COP: 2.05 (17°F Dry Bulb) 188,827 Btu/h Cooling EER: 9.3 251,048 Btu/h



1



ea



48,800



48,800



Total



48,800



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



North ECM-10: Split System Heat Pump



Item



Description



1



Heating COP: 2.0 (17°F Dry Bulb) 197,830 Btu/h Cooling EER: 8.8 255,041 Btu/h



Quantity



1



Unit



ea



Cost per Unit $



Proposed Case (ASHRAE 90.1-2010) Capital Cost $



53,667



53,667



Total



53,667



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Heating COP: 2.05 (17°F Dry Bulb) 153,662 Btu/h Cooling EER: 10.4 228,406 Btu/h



1



ea



45,000



45,000



Total



45,000



ASHRAE 2010 Incremental Capital Cost
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$7,933
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Table 28: Detailed Summary of Incremental Capital Costing, ASHRAE 90.1-2004 to NECB-2011, Mid-Rise Residential w/ CRUs



Measure Name



South ECM-1: Increased Roof R-value



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Insulation Entirely Above Deck 10,000 ft2 2.84 R-15.9 overall (Min insulation req. R-15 c.i.) Total



Proposed Case (NECB 2011) Capital Cost $



28,437



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Insulation Entirely Above Deck R-25.0 overall



10,000



ft2



4.8



48,200



Total



48,200



28,437 NECB 2011 Incremental Capital Cost



Measure Name



Interior ECM-1: Increased Roof R-value



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Insulation Entirely Above Deck 10,000 ft2 2.84 R-15.9 overall (Min insulation req. R-15 c.i.) Total



Proposed Case (NECB 2011) Capital Cost $



28,437



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Insulation Entirely Above Deck R-31.0 overall



10,000



ft2



5.54



55,442



Total



55,442



28,437 NECB 2011 Incremental Capital Cost
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77



$27,006
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Measure Name



North ECM-1: Increased Roof R-value



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Insulation Entirely Above Deck 10,000 ft2 2.84 R-15.9 overall (Min insulation req. R-15 c.i.) Total



Proposed Case (NECB 2011) Capital Cost $



28,437



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Insulation Entirely Above Deck R-35.0 overall



10,000



ft2



6.26



62,596



Total



62,596



28,437 NECB 2011 Incremental Capital Cost



Measure Name



Item



1



South ECM-2: Increased Wall/Slab-ongrade R-value



2



3



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Above-grade Wall (Wood) R-11.2 overall 11,140 ft2 0.94 (Min insulation: R-13.0) Above-grade Wall (Steelframe) R-11.9 overall 2,785 ft2 2.0 (Min Insulation: R-13.0 + R-3.8 c.i.) Slab on grade (not required)



-



ft2



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



10,518



1



Above-grade Wall (Wood) R-18 overall



11,140



ft2



1.0



11,029



5,486



2



Above-grade Wall (Steelframe) R-18 overall



2,785



ft2



1.0



2,757



0.00



-



3



Slab-on-grade (R-7.5 for 48 in.)



1,600



ft2



1.44



2,304



Total



16,004



Total



16,090



NECB 2011 Incremental Capital Cost
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Measure Name



Item



1



Interior ECM-2: Increased Wall/Slab-ongrade R-value



2



3



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Above-grade Wall (Wood) R-11.2 overall 11,140 ft2 0.94 (Min insulation: R-13.0) Above-grade Wall (Steelframe) R-11.9 overall 2,785 ft2 1.97 (Min Insulation: R-13.0 + R-3.8 c.i.) Slab on grade (not required)



-



ft2



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



10,518



1



Above-grade Wall (Wood) R-20.4 overall



11,140



ft2



2.69



29,967



5,486



2



Above-grade Wall (Steelframe) R-20.4 overall



2,785



ft2



2.69



7,492



0.00



-



3



Slab-on-grade (R-7.5 for 48 in.)



1,600



ft2



1.44



2,304



Total



16,004



Total



39,762



NECB 2011 Incremental Capital Cost
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$23,758
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Measure Name



North ECM-2: Increased Wall/Slab-ongrade R-value



Item



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



29,967



1



Above-grade Wall (Wood) R-27.0 overall



11,140



ft2



5.01



55,811



2,785



ft2



5.01



13,953



1,600



ft2



1.44



2,304



Total



72,068



1



Above-grade Wall (Wood) R-19.6 overall (Min insulation: R-13.0 + R-7.5 c.i.)



2



Above-grade Wall (Steelframe) R-15.6 overall (Min Insulation: R-13.0 + R-7.5 c.i.)



2,785



ft2



2.7



7,492



2



Above-grade Wall (Steelframe) R-27.0 overall



3



Slab on grade (not required)



-



ft2



0.00



-



3



Slab-on-grade (R-7.5 for 48 in.)



Total



37,458



11,140



ft2



2.7



NECB 2011 Incremental Capital Cost
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Measure Name



All Climate Zone ECM-3: Continuous Air Barrier



Item 1



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Above-grade Wall 11,140 ft2 0.160 (Wood)



Capital Cost $



Item



1,782



1



2



Above-grade Wall (Steel-frame)



2,785



ft2



0.160



446



2



3



Roof



10,000



ft2



0.160



1,600



3



Total



3,828



Proposed Case (NECB 2011) Cost Description Quantity Unit per Unit $ Above-grade 11,140 ft2 0.160 Wall (Wood) Above-grade Wall (Steel2,785 ft2 0.160 frame) Roof 10,000 ft2 0.160 Total



Incremental Capital Cost



Measure Name



Item



1 South ECM-4: Decreased Window Uvalue 2



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Residential Operable Window U-0.30 SHGCNORTH5,260 ft2 43.0 0.49; SHGCOTHER0.39 Retail - Fixed Window U-0.45 SHGCNORTH1,315 ft2 65.0 0.49; SHGCOTHER0.39 Total



Capital Cost $



226,180



85,475



Item



1,782 446 1,600 3,828



$0



Proposed Case (NECB 2011) Cost Description Quantity Unit per Unit $



Capital Cost $



1



Residential Nonmetal Framing (all other) U-0.30, SHGC-0.40



5,260



ft2



43.0



226,180



2



Retail Metal Framing (storefront) U-0.423, SHGC-0.40



1,315



ft2



65.0



85,475



Total



311,655



311,655 NECB 2011 Incremental Capital Cost
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Capital Cost $



81



$0
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Measure Name



Item



1 Interior ECM-4: Decreased Window Uvalue 2



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Residential Operable Window U-0.30 5,260 ft2 43.0 SHGCNORTH0.49; SHGCOTHER-0.39 Retail - Fixed Window U-0.45 1,315 ft2 65.0 SHGCNORTH0.49; SHGCOTHER-0.39 Total



Capital Cost $



Item



226,180



1



85,475



2



Proposed Case (NECB 2011) Cost Description Quantity Unit per Unit $ Residential Nonmetal Framing (all 5,260 ft2 43.0 other) U-0.30, SHGC-0.40 Retail Metal Framing (storefront) U-0.387, SHGC-0.40



1,315



311,655 NECB 2011 Incremental Capital Cost



82



ft2
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$0



Capital Cost $



226,180



65.0



85,475



Total



311,655
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Measure Name



Item



1 North ECM-4: Decreased Window Uvalue 2



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Residential Operable Window U-0.30 SHGCNORTH5,260 ft2 43.0 0.64; SHGCOTHER0.49 Retail - Fixed Window U-0.45 SHGCNORTH1,315 ft2 65.0 0.64; SHGCOTHER0.49 Total



Capital Cost $



226,180



85,475



Item



Proposed Case (NECB 2011) Cost Description Quantity Unit per Unit $



1



Residential Nonmetal Framing (all other) U-0.30, SHGC-0.40



5,260



ft2



43.0



226,180



2



Retail Metal Framing (storefront) U-0.387, SHGC-0.45



1,315



ft2



65.0



85,475



Total



311,655



311,655 NECB 2011 Incremental Capital Cost



Measure Name



Item 1



All Climate Zone ECM-5: Reduced Interior LPD



2



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Corridor: 0.5 4,950 ft2 0.52 W/sq. ft Stairway: 0.6 490 ft2 0.56 W/sq. ft



Capital Cost $ 2,574 274



3



Lobby: 1.3 W/sq.ft



973



ft2



1.44



1,401



5



Sale Area: 1.7 W/sq.ft



8,665



ft2



0.27



2,340



Total



6,589
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Capital Cost $



$0



Proposed Case (NECB 2011) Cost Item Description Quantity Unit per Unit $ Corridor: 0.66 1 4,950 ft2 0.68 W/sq. ft Stairway: 0.69 2 490 ft2 0.66 W/sq.ft Lobby for 3 elevator: 0.64 973 ft2 0.71 W/sq.ft Sale Area: 5 8,665 ft2 0.27 1.68 W/sq.ft Total NECB 2011 Incremental Capital $131 Cost



83



Capital Cost $ 3,366 323 691 2,340 6,720
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Measure Name



All Climate Zone ECM-6: Interior Lighting Controls



Item



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $



Capital Cost $



Item



Proposed Case (NECB 2011) Cost Description Quantity Unit per Unit $



1



None



-



-



0.0



-



1



None



-



-



0.0



-



2



Typical Ballast



5



ea



105.0



525



2



Typical Ballast



5



ea



105.0



525



Total



525



Total



525



NECB 2011 Incremental Capital Cost



Measure Name All Climate Zone ECM-7: Reduced Exterior LPD



84



Capital Cost $



Item



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $



Capital Cost $



1



Canopies: 1.25 W/sq. ft



200



ft2



4.20



840



2



Uncovered Parking Area 0.15 W/sq. ft



10,900



ft2



4.96



54,064



Total



54,904



$0



Proposed Case (NECB 2011) Cost Item Description Quantity Unit per Unit $ Entry 1 Canopies: 0.4 200 ft2 2.10 W/sq. ft Uncovered 2 Parking Area: 10,900 ft2 4.86 0.13 W/sq. ft Total NECB 2011 Incremental Capital Cost $1,510
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Capital Cost $ 420



52,974 53,394
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Measure Name



All Climate Zone ECM-8: Exterior Lighting Control



Item 1 2



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Typical 8 ea 105.0 Ballast None



-



-



Capital Cost $



Item



840



1



0.0



-



2



Total



840



Proposed Case (NECB 2011) Cost Description Quantity Unit per Unit $ Typical 8 ea 105.0 Ballast None



-



NECB 2011 Incremental Capital Cost



Measure Name South ECM-9: Increased Furnace Efficiency (MAU)



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Thermal Efficiency: 80%



109,492



Btu/h



Capital Cost $



Item



0.056



6,132



1



Total



6,132



AFUE ≥ 92.4%



109,499



85



840



0.0



-



Total



840



$0



Proposed Case (NECB 2011) Cost Description Quantity Unit per Unit $



NECB 2011 Incremental Capital Cost
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-



Capital Cost $



Btu/h



$548



Capital Cost $



0.061



6,679



Total



6,679
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Measure Name Interior ECM-9: Increased Furnace Efficiency (MAU)



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Thermal Efficiency: 80%



218,679



Btu/h



Capital Cost $



Item



0.056



12,246



1



Total



12,246



Proposed Case (NECB 2011) Cost Description Quantity Unit per Unit $ AFUE ≥ 92.4%



221,979



NECB 2011 Incremental Capital Cost



Measure Name North ECM-9: Increased Furnace Efficiency (MAU)



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Combustion Efficiency: 80%



309,166



Btu/h



Capital Cost $



Item



0.056



17,313



1



Total



17,313



0.061



13,541



Total



13,541



$1,295



Proposed Case (NECB 2011) Cost Description Quantity Unit per Unit $ AFUE ≥ 92.4%



309,502



NECB 2011 Incremental Capital Cost
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Btu/h
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Capital Cost $



Btu/h



$1,566



Capital Cost $



0.061



18,880



Total



18,880
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Measure Name



South ECM-10: Split System Heat Pump



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Heating COP: 3.1 (47°F Dry Bulb) - 201,021 Btu/h 1 ea 35,200 Cooling EER: 9.1 - 172,909 Btu/h Total



Proposed Case (NECB 2011) Capital Cost $



35,200



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Heating COP (47°F Dry Bulb): 2.8 - 175,381 Btu/h Cooling EER: 9.7 - 175,381 Btu/h



1



ea



35,400



35,400



Total



35,400



35,200 NECB 2011 Incremental Capital Cost



Measure Name



Interior ECM-10: Split System Heat Pump



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Heating COP: 2.0 (17°F Dry Bulb) - 208,781 Btu/h 1 ea 56,733 Cooling EER: 8.8 - 269,187 Btu/h Total



Proposed Case (NECB 2011) Capital Cost $



56,733



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Heating COP (47°F Dry Bulb): 2.8 - 153,973 Btu/h Cooling EER: 9.7 - 257,402 Btu/h



1



ea



53,000



53,000



Total



53,000



56,733 NECB 2011 Incremental Capital Cost
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$200



87



$3,733
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Measure Name



North ECM-10: Split System Heat Pump



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost Description Quantity Unit per Unit $ Heating COP: 2.0 (17°F Dry Bulb) - 197,830 Btu/h 1 ea 53,667 Cooling EER: 8.8 - 255,041 Btu/h Total



Proposed Case (NECB 2011) Capital Cost $



53,667



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Heating COP (47°F Dry Bulb): 2.8 - 131,786 Btu/h Cooling EER: 9.7 - 220,167 Btu/h



1



ea



46,800



46,800



Total



46,800



53,667 NECB 2011 Incremental Capital Cost



88
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Table 29: Detailed Summary of Incremental Capital Costing, ASHRAE 90.1-2004 to ASHRAE 90.1-2010, Mid-Rise Commercial Baseline Case (ASHRAE 90.1-2004) Measure Name



South ECM-1: Increased Roof R-value



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Insulation Entirely Above Deck R-15.9 overall (Min insulation req. R-15 c.i.)



10,000



ft2



2.84



28,437



1



Insulation Entirely Above Deck R-20.8 overall (Min insulation req. R-20 c.i.)



10,000



ft2



3.7



37,200



Total



28,437



Total



37,200



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



Interior ECM-1: Increased Roof R-value



$8,763



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Insulation Entirely Above Deck R-15.9 overall (Min insulation req. R-15 c.i.)



10,000



ft2



2.84



28,437



Total



28,437



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Insulation Entirely Above Deck R-20.8 overall (Min insulation req. R-20 c.i.)



10,000



ft2



3.7



37,200



Total



37,200



ASHRAE 2010 Incremental Capital Cost
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$8,763
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Baseline Case (ASHRAE 90.1-2004) Measure Name



North ECM-1: Increased Roof R-value



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Insulation Entirely Above Deck R-15.9 overall (Min insulation req. R-15 c.i.)



10,000



ft2



2.84



28,437



Total



28,437



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Insulation Entirely Above Deck R-20.8 overall (Min insulation req. R-20 c.i.)



10,000



ft2



3.7



37,200



Total



37,200



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Above-grade Wall (Steel-frame) R-11.9 overall (Min Insulation: R13.0 + R-3.8 c.i.)



17,645



ft2



1.97



34,761



1



Above-grade Wall (Steel-frame) R-15.6 overall (Min Insulation: R-13.0 + R-7.5 c.i.)



17,645



ft2



2.7



47,465



2



Slab on grade (not required)



-



ft2



0.00



-



2



Slab on grade (not required)



-



ft2



0.00



-



Total



34,761



Total



47,465



South ECM-2: Increased Wall/Slab-ongrade R-value



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



ASHRAE 2010 Incremental Capital Cost
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BC ENERGY CODE COMPARISON (FINAL REPORT) Appendix D: Detailed Cost Analysis October 18, 2012



Baseline Case (ASHRAE 90.1-2004) Measure Name



Interior ECM-2: Increased Wall/Slab-ongrade R-value



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Above-grade Wall (Steel-frame) R-11.9 overall (Min Insulation: R13.0 + R-3.8 c.i.)



17,645



ft2



1.97



34,761



1



Above-grade Wall (Steel-frame) R-15.6 overall (Min Insulation: R-13.0 + R-7.5 c.i.)



17,645



ft2



2.69



47,465



2



Slab on grade (not required)



-



ft2



0.00



-



2



Slab on grade (not required)



-



ft2



0.00



-



Total



34,761



Total



47,465



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



$12,704



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Above-grade Wall (Steel-frame) R-15.6 overall (Min Insulation: R13.0 + R-7.5 c.i.)



17,645



ft2



2.7



47,465



1



Above-grade Wall (Steel-frame) R-15.6 overall (Min Insulation: R-13.0 + R-7.5 c.i.)



17,645



ft2



2.69



47,465



2



Slab on grade (not required)



-



ft2



0.00



-



2



Slab on grade (R-15 for 24 in.)



800



ft2



2.96



2,368



Total



47,465



Total



49,833



North ECM-2: Increased Wall/Slab-ongrade R-value



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



ASHRAE 2010 Incremental Capital Cost
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$2,368
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Baseline Case (ASHRAE 90.1-2004) Measure Name



All Climate Zone ECM-3: Continuous Air Barrier



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Above-grade Wall (Steel-framed)



17,645



ft2



0.16



2,823



1



Above-grade Wall (Steel-framed)



17,645



ft2



0.30



5,294



2



Roof



10,000



ft2



0.16



1,600



2



Roof



10,000



ft2



0.30



3,000



Total



4,423



Total



8,294



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



South ECM-4: Decreased Window Uvalue



$3,870



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Curtainwall U-0.40 SHGCNORTH-0.49; SHGCOTHER-0.39



8,355



ft2



65.0



543,075



Total



543,075



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Curtainwall U-0.40, SHGC-0.40



8,355



ft2



65.0



543,075



Total



543,075



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



Interior ECM-4: Decreased Window Uvalue



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Curtainwall U-0.40 SHGCNORTH-0.49; SHGCOTHER-0.39



8,355



ft2



65.0



543,075



Total



543,075



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Curtainwall U-0.40, SHGC-0.40



8,355



ft2



65.0



543,075



Total



543,075



ASHRAE 2010 Incremental Capital Cost
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$0
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BC ENERGY CODE COMPARISON (FINAL REPORT) Appendix D: Detailed Cost Analysis October 18, 2012



Baseline Case (ASHRAE 90.1-2004) Measure Name



North ECM-4: Decreased Window Uvalue



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Curtainwall U-0.40 SHGCNORTH-0.64; SHGCOTHER-0.49



8,355



ft2



65.0



543,075



Total



543,075



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Curtainwall U-0.40, SHGC-0.45



8,355



ft2



65.0



543,075



Total



543,075



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



All Climate Zone ECM-5: Reduced Interior LPD



$0



Proposed Case (ASHRAE 90.1-2010)



Description



Quantity



Unit



Cost per Unit $



1



Lobby: 1.3 W/sq.ft



1,840



ft2



2.35



4,324



1



Lobby: 0.90 W/sq. ft



1,840



ft2



1.63



2,999



2



Lobby (Elevator) 1.3 W/sq.ft



2,000



ft2



2.35



4,700



2



Lobby (Elevator): 0.64 W/sq. ft



2,000



ft2



1.16



2,320



3



Office Enclosed: 1.1 W/sq. ft



4,125



ft2



1.51



6,229



3



Office Enclosed: 1.11 W/sq. ft



4,125



ft2



1.67



6,889



4



Office Open: 1.1 W/sq. ft



23,375



ft2



1.51



35,296



4



Office Open: 0.98 W/sq. ft



23,375



ft2



1.22



28,518



5



Conference/Meeting: 1.3 W/sq. ft



14,000



ft2



2.35



32,900



5



Conference/Meeting/Multipurpose: 1.23 W/sq. ft



14,000



ft2



2.22



31,080



6



Break Room: 1.3 W/sq. ft



750



ft2



2.17



1,628



6



Break Room: 0.73 W/sq.ft



750



ft2



1.32



990



7



Stair: 0.6 W/sq. ft



960



ft2



1.08



1,037



7



Stair Active: 0.69 W/sq. ft



960



ft2



1.25



1,200



8



Restrooms: 0.9 W/sq. ft



1,250



ft2



0.86



1,075



8



Restrooms: 0.98 W/sq. ft



1,250



ft2



1.48



1,850



Total



87,188



Total



75,845



Item



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



ASHRAE 2010 Incremental Capital Cost
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$11,343



BC ENERGY CODE COMPARISON (FINAL REPORT) Appendix D: Detailed Cost Analysis October 18, 2012



Baseline Case (ASHRAE 90.1-2004) Measure Name



All Climate Zone ECM-6: Interior Lighting Controls



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Occupancy Sensor (Break Room, Conference/meeting Rooms)



10



ea



225.0



2,250



1



Occupancy Sensor (Office, Break Room, Restroom, Conference/meeting Rooms, Stairwell)



62



ea



225.0



13,950



2



Dimmable Ballast



10



ea



125.0



1,250



2



Dimmable Ballast



62



ea



125.0



7,750



3



Typical Ballast



52



ea



105.0



5,460



3



Typical Ballast



-



ea



105.0



-



4



None



-



-



0.0



-



4



Daylight Sensor (Office)



16



ea



275.0



4,400



Total



8,960



Total



26,100



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



ASHRAE 2010 Incremental Capital Cost



94
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Baseline Case (ASHRAE 90.1-2004) Measure Name



All Climate Zone ECM-7: Reduced Exterior LPD



Item



1 2



Description Canopies: 1.25 W/sq. ft Uncovered Parking Area 0.15 W/sq. ft



Proposed Case (ASHRAE 90.1-2010)



Quantity



Unit



Cost per Unit $



200



ft2



4.20



840



1



Entry Canopies: 0.4 W/sq. ft



200



ft2



2.10



420



10,900



ft2



4.96



54,064



2



Uncovered Parking Area: 0.13 W/sq. ft



10,900



ft2



4.86



52,974



Total



54,904



Total



53,394



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



All Climate Zone ECM-8: Exterior Lighting Control



-$1,510



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Typical Ballast



8



ea



105.0



840



1



Dimmable Ballast



8



ea



125.0



1,000



2



None



-



-



0.0



-



2



Dimming Control System



1



ea



250.0



250



Total



840



Total



1,250



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



ASHRAE 2010 Incremental Capital Cost Baseline Case (ASHRAE 90.1-2004) Measure Name



South ECM-9: Increased Furnace Efficiency (MAU)



$410



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Thermal Efficiency: 80%



163,492



Btu/h



0.056



9,156



Total



9,156



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Thermal Efficiency: 80%



163,492



Btu/h



0.056



9,156



Total



9,156



ASHRAE 2010 Incremental Capital Cost
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$0



BC ENERGY CODE COMPARISON (FINAL REPORT) Appendix D: Detailed Cost Analysis October 18, 2012



Baseline Case (ASHRAE 90.1-2004) Measure Name



Interior ECM-9: Increased Furnace Efficiency (MAU)



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Combustion Efficiency: 80%



384,939



Btu/h



0.056



21,557



Total



21,557



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Thermal Efficiency: 80%



384,939



Btu/h



0.056



21,557



Total



21,557



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



North ECM-9: Increased Furnace Efficiency (MAU)



$0



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Combustion Efficiency: 80%



556,892



Btu/h



0.056



31,186



Total



31,186



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Thermal Efficiency: 80%



556,892



Btu/h



0.056



31,186



Total



31,186



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



South ECM-10: Increased Boiler Efficiency



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Thermal Efficiency: 75%



1,087,300



Btu/h



0.019



20,659



Total



20,659



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Thermal Efficiency: 80%



902,300



Btu/h



0.019



17,144



Total



17,144



ASHRAE 2010 Incremental Capital Cost



96



$0
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-$3,515



BC ENERGY CODE COMPARISON (FINAL REPORT) Appendix D: Detailed Cost Analysis October 18, 2012



Baseline Case (ASHRAE 90.1-2004) Measure Name



Interior ECM-10: Increased Boiler Efficiency



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Thermal Efficiency: 75%



1,383,900



Btu/h



0.019



26,294



Total



26,294



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Thermal Efficiency: 80%



1,183,300



Btu/h



0.019



22,483



Total



22,483



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



North ECM-10: Increased Boiler Efficiency



-$3,811



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Thermal Efficiency: 75%



1,536,700



Btu/h



0.019



29,197



Total



29,197



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Thermal Efficiency: 80%



1,286,300



Btu/h



0.019



24,440



Total



24,440



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



South ECM-11: Closed Circuit Fluid Cooler



-$4,758



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Centrifugal Closed Circuit Fluid Cooler ≥ 20 gpm/hp



906,700



Btu/h



0.050



45,335



Total



45,335



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Centrifugal Closed Circuit Fluid Cooler ≥ 7.0 gpm/hp



690,100



btu/h



0.060



41,406



Total



41,406



ASHRAE 2010 Incremental Capital Cost
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-$3,929



BC ENERGY CODE COMPARISON (FINAL REPORT) Appendix D: Detailed Cost Analysis October 18, 2012



Baseline Case (ASHRAE 90.1-2004) Measure Name



Interior ECM-11: Closed Circuit Fluid Cooler



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Centrifugal Closed Circuit Fluid Cooler ≥ 20 gpm/hp



1,266,400



Btu/h



0.050



63,320



Total



63,320



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Centrifugal Closed Circuit Fluid Cooler ≥ 7.0 gpm/hp



1,001,000



Btu/h



0.060



60,060



Total



60,060



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



North ECM-11: Closed Circuit Fluid Cooler



-$3,260



Proposed Case (ASHRAE 90.1-2010)



Item



Description



Quantity



Unit



Cost per Unit $



1



Centrifugal Closed Circuit Fluid Cooler ≥ 20 gpm/hp



1,129,800



Btu/h



0.050



56,490



Total



56,490



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Centrifugal Closed Circuit Fluid Cooler ≥ 7.0 gpm/hp



887,600



Btu/h



0.060



53,256



Total



53,256



ASHRAE 2010 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



South ECM-12: Enthalpy Wheel - 50% Heat Recovery Effectiveness



Item



1



Description



Quantity



Unit



Proposed Case (ASHRAE 90.1-2010) Cost per Unit $



N/A



Total



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



-



1



Enthalpy Wheel 4563 CFM



1



ea



56,593



56,593



Total



56,593



ASHRAE 2010 Incremental Capital Cost
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-$3,234



hi c:\users\ihood\desktop\bcbc update\rpt01_bc_energy_code_comparison__update_201201018.docx



$56,593



BC ENERGY CODE COMPARISON (FINAL REPORT) Appendix D: Detailed Cost Analysis October 18, 2012



Baseline Case (ASHRAE 90.1-2004) Measure Name



Interior ECM-12: Enthalpy Wheel - 50% Heat Recovery Effectiveness



Item



Description



1



Quantity



Unit



Proposed Case (ASHRAE 90.1-2010) Cost per Unit $



N/A



Total



Capital Cost $



Item



-



1



Description



Quantity



Unit



N/A



-



Baseline Case (ASHRAE 90.1-2004)



North ECM-12: Enthalpy Wheel - 50% Heat Recovery Effectiveness



Item



1



Description



Quantity



Unit



Capital Cost $



-



ASHRAE 2010 Incremental Capital Cost



Measure Name



Cost per Unit $



Total



-



$0



Proposed Case (ASHRAE 90.1-2010) Cost per Unit $



N/A



Total



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



-



1



Enthalpy Wheel 4974 CFM



1



ea



56,593



56,593



Total



56,593



ASHRAE 2010 Incremental Capital Cost
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$56,593



BC ENERGY CODE COMPARISON (FINAL REPORT) Appendix D: Detailed Cost Analysis October 18, 2012



Table 30: Detailed Summary of Incremental Capital Costing, ASHRAE 90.1-2004 to NECB 2011, Mid-Rise Commercial Baseline Case (ASHRAE 90.1-2004) Measure Name



South ECM-1: Increased Roof Rvalue



Proposed Case (NECB 2011)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Insulation Entirely Above Deck R-15.9 overall (Min insulation req. R-15 c.i.)



10,000



ft2



2.84



28,437



1



Insulation Entirely Above Deck R-25.0 overall



10,000



ft2



4.82



48,200



Total



28,437



Total



48,200



Capital Cost $



NECB 2011 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



Interior ECM-1: Increased Roof Rvalue



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



1



Insulation Entirely Above Deck R-31.0 overall



10,000



ft2



5.54



55,442



Total



55,442



Item



Description



Quantity



Unit



Cost per Unit $



1



Insulation Entirely Above Deck R-15.9 overall (Min insulation req. R-15 c.i.)



10,000



ft2



2.84



28,437



Total



28,437 NECB 2011 Incremental Capital Cost



100



$19,763
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$27,006



BC ENERGY CODE COMPARISON (FINAL REPORT) Appendix D: Detailed Cost Analysis October 18, 2012



Baseline Case (ASHRAE 90.1-2004) Measure Name



North ECM-1: Increased Roof Rvalue



Proposed Case (NECB 2011)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Insulation Entirely Above Deck R-15.9 overall (Min insulation req. R-15 c.i.)



10,000



ft2



2.84



28,437



1



Insulation Entirely Above Deck R-35.0 overall



10,000



ft2



6.26



62,596



Total



28,437



Total



62,596



Capital Cost $



NECB 2011 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



South ECM-2: Increased Wall/Slabon-grade R-value



$34,160



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Item



Description



Quantity



Unit



Cost per Unit $



1



Above-grade Wall (Steelframe) R-11.9 overall (Min Insulation: R13.0 + R-3.8 c.i.)



17,645



ft2



1.97



34,761



1



Above-grade Wall (Steel-frame) R-18 overall



17,645



ft2



1.0



17,469



2



Slab on grade (not required)



-



ft2



0.00



-



2



Slab-on-grade (R-7.5 for 48 in.)



1,600



ft2



1.44



2,304



Total



34,761



Total



19,773



NECB 2011 Incremental Capital Cost
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-$14,988



BC ENERGY CODE COMPARISON (FINAL REPORT) Appendix D: Detailed Cost Analysis October 18, 2012



Baseline Case (ASHRAE 90.1-2004) Measure Name



Interior ECM-2: Increased Wall/Slabon-grade R-value



Item



1



2



Description Above-grade Wall (Steelframe) R-11.9 overall (Min Insulation: R13.0 + R-3.8 c.i.) Slab on grade (not required)



Proposed Case (NECB 2011)



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



17,645



ft2



1.97



34,761



1



Above-grade Wall (Steel-frame) R-20.4 overall



17,645



ft2



1.12



19,798



-



ft2



0.00



-



2



Slab-on-grade (R-7.5 for 48 in.)



1,600



ft2



1.44



2,304



Total



34,761



Total



22,102



Capital Cost $



NECB 2011 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



North ECM-2: Increased Wall/Slabon-grade R-value



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Item



Description



Quantity



Unit



Cost per Unit $



1



Above-grade Wall (Steelframe) R-15.6 overall (Min Insulation: R13.0 + R-7.5 c.i.)



17,645



ft2



2.7



47,465



1



Above-grade Wall (Steel-frame) R-27.0 overall



17,645



ft2



1.49



26,203



2



Slab on grade (not required)



-



ft2



0.00



-



2



Slab-on-grade (R-7.5 for 48 in.)



1,600



ft2



1.44



2,304



Total



47,465



Total



28,507



NECB 2011 Incremental Capital Cost
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Baseline Case (ASHRAE 90.1-2004) Measure Name



All Climate Zone ECM-3: Continuous Air Barrier



Proposed Case (NECB 2011)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Above-grade Wall (Steelframed)



17,645



ft2



0.16



2,823



1



Above-grade Wall (Steel-framed)



17,645



ft2



0.16



2,823



2



Roof



10,000



ft2



0.16



1,600



2



Roof



10,000



ft2



0.16



1,600



Total



4,423



Total



4,423



Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



South ECM-4: Decreased Window Uvalue



$0



Proposed Case (NECB 2011)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Curtainwall U-0.40 SHGCNORTH -0.49; SHGCOTHER -0.39



8,355



ft2



65.0



543,07 5



1



Curtainwall U-0.40, SHGC-0.40



8,355



ft2



65.0



543,07 5



Total



543,07 5



Total



543,07 5



NECB 2011 Incremental Capital Cost
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$0
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Baseline Case (ASHRAE 90.1-2004) Measure Name



Interior ECM-4: Decreased Window Uvalue



Proposed Case (NECB 2011)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Curtainwall U-0.40 SHGCNORTH -0.49; SHGCOTHER -0.39



8,355



ft2



65.0



543,07 5



1



Curtainwall U-0.387, SHGC-0.40



8,355



ft2



65.0



543,07 5



Total



543,07 5



Total



543,07 5



Capital Cost $



NECB 2011 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name



North ECM-4: Decreased Window Uvalue



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



1



Curtainwall U-0.387, SHGC-0.45



8,355



ft2



65.0



543,07 5



Total



543,07 5



Item



Description



Quantity



Unit



Cost per Unit $



1



Curtainwall U-0.40 SHGCNORTH -0.64; SHGCOTHER -0.49



8,355



ft2



65.0



543,07 5



Total



543,07 5 NECB 2011 Incremental Capital Cost
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Baseline Case (ASHRAE 90.1-2004) Measure Name



Item



1 2



All Climate Zone ECM-5: Reduced Interior LPD



3 4 5 6 7 8



Description Lobby: 1.3 W/sq.ft Lobby (Elevator) 1.3 W/sq.ft Office Enclosed: 1.1 W/sq. ft Office Open: 1.1 W/sq. ft Conference/M eeting: 1.3 W/sq. ft Break Room: 1.3 W/sq. ft Stair: 0.6 W/sq. ft Restrooms: 0.9 W/sq. ft



Proposed Case (NECB 2011)



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1,840



ft2



2.35



4,324



1



Lobby: 0.90 W/sq. ft



1,840



ft2



1.63



2,999



2,000



ft2



2.35



4,700



2



Lobby (Elevator): 0.64 W/sq. ft



2,000



ft2



1.16



2,320



4,125



ft2



1.51



6,229



3



Office Enclosed: 1.11 W/sq. ft



4,125



ft2



1.67



6,889



23,375



ft2



1.51



35,296



4



23,375



ft2



1.22



28,518



14,000



ft2



2.35



32,900



5



14,000



ft2



2.22



31,080



750



ft2



2.17



1,628



6



750



ft2



1.32



990



960



ft2



1.08



1,037



7



960



ft2



1.25



1,200



1,250



ft2



0.86



1,075



8



1,250



ft2



1.48



1,850



Total



87,188



Total



75,845



Office Open: 0.98 W/sq. ft Conference/Meeting/M ultipurpose: 1.23 W/sq. ft Break Room: 0.873 W/sq.ft Stair Active: 0.69 W/sq. ft Restrooms: 0.98 W/sq. ft



NECB 2011 Incremental Capital Cost
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-$11,343
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Baseline Case (ASHRAE 90.1-2004) Measure Name



All Climate Zone ECM-6: Interior Lighting Controls



Quantity



Proposed Case (NECB 2011) Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



2,250



1



Occupancy Sensor (Office, Break Room, Restroom, Conference/meeting Rooms)



52



ea



225. 0



11,700



125.0



1,250



2



Dimmable Ballast



52



ea



125. 0



6,500



ea



105.0



5,460



3



Typical Ballast



10



ea



105. 0



1,050



-



0.0



-



4



None



-



-



0.0



-



Total



8,960



Total



19,250



Unit



Cost per Unit $



Item



Description



1



Occupancy Sensor (Break Room, Conference/m eeting Rooms)



10



ea



225.0



2



Dimmable Ballast



10



ea



3



Typical Ballast



52



4



None



-



Capital Cost $



NECB 2011 Incremental Capital Cost
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Baseline Case (ASHRAE 90.1-2004) Measure Name All Climate Zone ECM-7: Reduced Exterior LPD



Proposed Case (NECB 2011)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Canopies: 1.25 W/sq. ft



200



ft2



4.20



840



1



Entry Canopies: 0.4 W/sq. ft



200



ft2



2.10



420



2



Uncovered Parking Area 0.15 W/sq. ft



10,900



ft2



4.96



54,064



2



Uncovered Parking Area: 0.13 W/sq. ft



10,900



ft2



4.86



52,974



Total



54,904



Total



53,394



NECB 2011 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name All Climate Zone ECM-8: Exterior Lighting Control



-$1,510



Proposed Case (NECB 2011)



Item



Description



Quantity



Unit



Cost per Unit $



1



Typical Ballast



8



ea



105.0



840



1



Typical Ballast



8



ea



2



None



-



-



0.0



-



2



None



-



-



Total



840



Capital Cost $



Item



Description



Quantity



Unit



NECB 2011 Incremental Capital Cost
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$0



Cost per Unit $ 105. 0



Capital Cost $ 840



0.0



-



Total



840
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Baseline Case (ASHRAE 90.1-2004) Measure Name South ECM-9: Increased Furnace Efficiency (MAU)



Proposed Case (NECB 2011)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Thermal Efficiency: 80%



163,492



Btu/ h



0.056



9,156



1



AFUE ≥ 92.4%



163,492



Btu/h



0.06 1



9,973



Total



9,156



Total



9,973



Capital Cost $



NECB 2011 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name Interior ECM-9: Increased Furnace Efficiency (MAU)



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



1



AFUE ≥ 92.4%



384,939



Btu/h



0.06 1



23,481



Total



23,481



Item



Description



Quantity



Unit



Cost per Unit $



1



Combustion Efficiency: 80%



384,939



Btu/ h



0.056



21,557



Total



21,557 NECB 2011 Incremental Capital Cost
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Baseline Case (ASHRAE 90.1-2004) Measure Name North ECM-9: Increased Furnace Efficiency (MAU)



Proposed Case (NECB 2011)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Combustion Efficiency: 80%



556,892



Btu/ h



0.056



31,186



1



Thermal Efficiency: 81%



556,892



Btu/h



0.06 1



33,970



Total



31,186



Total



33,970



Capital Cost $



NECB 2011 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name South ECM-10: Increased Boiler Efficiency



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



1



Fully Modulating (Thermal Efficiency: 83%)



958,600



Btu/h



0.02 0



19,172



Total



19,172



Item



Description



Quantity



Unit



Cost per Unit $



1



Thermal Efficiency: 75%



1,087,30 0



Btu/ h



0.019



20,659



Total



20,659 NECB 2011 Incremental Capital Cost
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Baseline Case (ASHRAE 90.1-2004) Measure Name Interior ECM-10: Increased Boiler Efficiency



Proposed Case (NECB 2011)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Thermal Efficiency: 75%



1,383,90 0



Btu/ h



0.019



26,294



1



Fully Modulating (Thermal Efficiency: 83%)



1,278,600



Btu/h



0.02 0



25,572



Total



26,294



Total



25,572



Capital Cost $



NECB 2011 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name North ECM-10: Increased Boiler Efficiency



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



1



Fully Modulating (Thermal Efficiency: 83%)



1,343,600



Btu/h



0.02 0



26,872



Total



26,872



Item



Description



Quantity



Unit



Cost per Unit $



1



Thermal Efficiency: 75%



1,536,70 0



Btu/ h



0.019



29,197



Total



29,197 NECB 2011 Incremental Capital Cost
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Baseline Case (ASHRAE 90.1-2004) Measure Name South ECM-11: Closed Circuit Fluid Cooler



Proposed Case (NECB 2011)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Centrifugal Closed Circuit Fluid Cooler ≥ 20 gpm/hp



906,700



Btu/ h



0.050



45,335



1



Centrifugal Closed Circuit Fluid Cooler: EIR = 0.015



862,500



Btu/h



0.06 0



51,750



Total



45,335



Total



51,750



Capital Cost $



NECB 2011 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name Interior ECM-11: Closed Circuit Fluid Cooler



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



1



Centrifugal Closed Circuit Fluid Cooler: EIR = 0.015



1,183,900



Btu/h



0.06 0



71,034



Total



71,034



Item



Description



Quantity



Unit



Cost per Unit $



1



Centrifugal Closed Circuit Fluid Cooler ≥ 20 gpm/hp



1,266,40 0



Btu/ h



0.050



63,320



Total



63,320 NECB 2011 Incremental Capital Cost
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$6,415
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$7,714
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Baseline Case (ASHRAE 90.1-2004) Measure Name North ECM-11: Closed Circuit Fluid Cooler



Proposed Case (NECB 2011)



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Centrifugal Closed Circuit Fluid Cooler ≥ 20 gpm/hp



1,129,80 0



Btu/ h



0.050



56,490



1



Centrifugal Closed Circuit Fluid Cooler: EIR = 0.015



990,900



Btu/h



0.06 0



59,454



Total



56,490



Total



59,454



Cost per Unit $



Capital Cost $



NECB 2011 Incremental Capital Cost



Baseline Case (ASHRAE 90.1-2004) Measure Name South ECM-12: Enthalpy Wheel 50% Heat Recovery Effectivene ss



Item



1



Description



Quantity



Unit



Cost per Unit $



N/A



Total



Proposed Case (NECB 2011) Capital Cost $



Item



-



1



Description



Quantity



Unit



N/A



-



-



Total NECB 2011 Incremental Capital Cost
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Baseline Case (ASHRAE 90.1-2004) Measure Name Interior ECM-12: Enthalpy Wheel 50% Heat Recovery Effectivene ss



Item



Description



1



Quantity



Unit



Cost per Unit $



N/A



Total



Proposed Case (NECB 2011) Capital Cost $



Item



-



1



Description



Quantity



North ECM-12: Enthalpy Wheel 50% Heat Recovery Effectivene ss



1



Description



Quantity



Unit



Cost per Unit $



N/A



Total



Total



-



$0



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



-



1



Enthalpy Wheel 4974 CFM



1



ea



56,5 93



56,593



Total



56,593



NECB 2011 Incremental Capital Cost
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Capital Cost $



-



-



Baseline Case (ASHRAE 90.1-2004) Item



Cost per Unit $



N/A



NECB 2011 Incremental Capital Cost



Measure Name



Unit



113



$56,593



BC ENERGY CODE COMPARISON (FINAL REPORT) Appendix D: Detailed Cost Analysis October 18, 2012



Table 31: Detailed Summary of Incremental Capital Costing, ASHRAE 90.1-2004 to ASHRAE 90.1-2010, Big Box Retail



Measure Name South ECM-1: Increased Roof Rvalue



Measure Name Interior ECM-1: Increased Roof Rvalue



114



Item



1



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Metal Building R-15.4 overall (Min insulation req. R-19)



95,194



ft2



2.82



268,447



Total



268,447



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Metal Building R-15.4 overall (Min insulation req. R-19)



95,194



ft2



Capital Cost $



Capital Cost $



2.82



268,447



Total



268,447



Proposed Case (ASHRAE 90.1-2010) Cost per Item Description Quantity Unit Unit $ Metal Building R-18.2 overall 1 (Min insulation 95,194 ft2 3.26 req. R-13.0 + R13.0) Total ASHRAE 2010 Incremental Capital $42,282 Cost Proposed Case (ASHRAE 90.1-2010) Cost per Item Description Quantity Unit Unit $ Metal Building R-18.2 overall 1 (Min insulation 95,194 ft2 3.26 req. R-13.0 + R13.0) Total ASHRAE 2010 Incremental Capital $42,282 Cost
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Capital Cost $



310,729



310,729



Capital Cost $



310,729



310,729
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Measure Name North ECM-1: Increased Roof Rvalue



Measure Name



South ECM-2: Increased Wall/Slabon-grade Rvalue



Item



1



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Metal Building R-15.4 overall (Min insulation req. R-19)



100,000



ft2



Capital Cost $



2.82



282,000



Total



282,000



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



Capital Cost $



1



Steel-framed R-11.9 overall (Min Insulation: R-13.0 + R-3.8 c.i.)



16,596



ft2



1.97



32,694



2



Slab on grade (not required)



-



ft2



0.00



-



Total



32,694



Proposed Case (ASHRAE 90.1-2010) Cost per Item Description Quantity Unit Unit $ Metal Building R-20.4 overall 1 (Min insulation 100,000 ft2 5.58 req. R-13.0 + R19.0) Total ASHRAE 2010 Incremental Capital $276,41 Cost 7



Item



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $



558,417



558,417



Capital Cost $



1



Steel-framed R-15.6 overall (Min Insulation: R-13.0 + R-7.5 c.i.)



16,596



ft2



2.69



44,643



2



Slab on grade (not required)



-



ft2



0.00



-



Total



44,643



ASHRAE 2010 Incremental Capital Cost
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Capital Cost $
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$11,949



BC ENERGY CODE COMPARISON (FINAL REPORT) Appendix D: Detailed Cost Analysis October 18, 2012



Measure Name



Interior ECM-2: Increased Wall/Slabon-grade Rvalue



Measure Name



North ECM-2: Increased Wall/Slabon-grade Rvalue



Item



1



2



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Steel-framed R-11.9 overall (Min Insulation: 16,596 ft2 1.97 R-13.0 + R-3.8 c.i.) Slab on grade ft2 0.00 (not required) Total



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



Capital Cost $



32,694



32,694



Capital Cost $



1



Steel-framed R-15.6 overall (Min Insulation: R-13.0 + R-7.5 c.i.)



16,596



ft2



2.69



44,643



2



Slab on grade (not required)



-



ft2



0.00



-



Total



44,643



Proposed Case (ASHRAE 90.1-2010) Cost per Item Description Quantity Unit Unit $ Steel-framed R-15.6 overall 1 (Min Insulation: 16,596 ft2 2.69 R-13.0 + R-7.5 c.i.) Slab on grade 2 ft2 0.00 (not required) Total ASHRAE 2010 Incremental Capital $11,949 Cost



Item



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $



44,643



44,643



Capital Cost $



1



Steel-framed R-15.6 overall (Min Insulation: R-13.0 + R-7.5 c.i.)



16,596



ft2



2.69



44,643



2



Slab on grade (R-15 for 24 in.)



2,530



ft2



2.45



6,199



Total



50,842



ASHRAE 2010 Incremental Capital Cost
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Capital Cost $
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Measure Name South/Interi or ECM-3: Continuous Air Barrier



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



Capital Cost $



Item



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $



1



Above-grade Wall (Steelframed)



16,596



ft2



0.16



2,655



1



Above-grade Wall (Steelframed)



16,596



ft2



0.30



4,979



2



Roof



95,194



ft2



0.16



15,231



2



Roof



95,194



ft2



0.30



28,558



Total



17,886



Total



33,537



Incremental Capital Cost



Measure Name



North ECM-3: Continuous Air Barrier



Capital Cost $



Item



1



2



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Above-grade Wall (Steel16,596 ft2 0.16 framed) Roof



100,000



ft2



Capital Cost $



Item



2,655



1



0.16



16,000



2



Total



18,655



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $ Above-grade Wall (Steel16,596 ft2 0.30 framed) Roof



100,000



Incremental Capital Cost
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$15,651
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ft2



$16,323



Capital Cost $



4,979



0.30



30,000



Total



34,979
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Measure Name



Item



1 South ECM-4: Decreased Window Uvalue 2



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Fixed Window U-0.40 SHGCNORTH750 ft2 65.0 0.49; SHGCOTHER0.39 Fixed Window (storefront) U-0.45 SHGCNORTH4,120 ft2 65.0 0.49; SHGCOTHER0.39 Total



Capital Cost $



48,750



267,800



Item



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $



1



Metal Framing (all other) U-0.40, SHGC0.40



750



ft2



65.0



48,750



2



Metal Framing (storefront) U-0.45, SHGC0.40



4,120



ft2



65.0



267,800



Total



316,550



316,550 ASHRAE 2010 Incremental Capital Cost
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Capital Cost $
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$0
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Measure Name



Item



1 Interior ECM-4: Decreased Window Uvalue 2



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Fixed Window U-0.40 SHGCNORTH750 ft2 65.0 0.49; SHGCOTHER0.39 Fixed Window (storefront) U-0.45 SHGCNORTH4,120 ft2 65.0 0.49; SHGCOTHER0.39 Total



Capital Cost $



48,750



267,800



Item



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $



1



Metal Framing (all other) U-0.40, SHGC0.40



750



ft2



65.0



48,750



2



Metal Framing (storefront) U-0.45, SHGC0.40



4,120



ft2



65.0



267,800



Total



316,550



316,550 ASHRAE 2010 Incremental Capital Cost
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Capital Cost $
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$0
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Measure Name



Item



1 North ECM-4: Decreased Window Uvalue 2



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Fixed Window U-0.40 SHGCNORTH750 ft2 65.0 0.64; SHGCOTHER0.49 Fixed Window (storefront) U-0.45 SHGCNORTH4,120 ft2 65.0 0.64; SHGCOTHER0.49 Total



Capital Cost $



48,750



267,800



Item



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $



1



Metal Framing (all other) U-0.40, SHGC0.45



750



ft2



65.0



48,750



2



Metal Framing (storefront) U-0.40, SHGC0.45



4,120



ft2



65.0



267,800



Total



316,550



316,550 ASHRAE 2010 Incremental Capital Cost
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Capital Cost $
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Measure Name



Item



1 2 All Climate Zone ECM-5: Reduced Interior LPD



3



4



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Sales Area: 1.7 73,000 ft2 0.27 W/sq. ft Office Enclosed and Open: 1.1 2,000 ft2 1.51 W/sq. ft Active Storage/Shipping 5,000 ft2 0.93 & Receiving: 0.8 W/sq. ft Restrooms: 0.9 1,000 ft2 0.86 W/sq. ft



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $ Sales Area: 73,000 ft2 0.27 1.68 W/sq. ft



Capital Cost $



Item



19,710



1



3,020



2



Office Enclosed: 1.11 W/sq. ft



2,000



ft2



1.52



3,040



4,650



3



Storage/Shippin g & Receiving: 0.63 W/sq. ft



5,000



ft2



1.18



5,900



860



4



1,000



ft2



0.94



940



2,000



ft2



0.50



1,000



17,000



ft2



0.18



3,009



Total



33,599



5



Electrical/Mecha nical: 1.5 W/sq. ft



2,000



ft2



0.50



1,000



5



6



Warehouse: 0.9 W/sq.ft



17,000



ft2



0.27



4,658



6



Total



33,898



Restrooms: 0.98 W/sq. ft Electrical/Mech anical: 0.95 W/sq. ft Warehouse: 0.58 W/sq.ft



ASHRAE 2010 Incremental Capital Cost
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-$299



Capital Cost $ 19,710
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Measure Name



Item



1 All Climate Zone ECM-6: Interior Lighting Controls



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



None



-



2



Typical Ballast



4



3



None



-



Capital Cost $



Item



-



1



-



0.0



ea



105. 0



420



2



0.0



-



3



Total



420



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $



Occupancy Sensor (Office, Storage, Washroom)



Dimmable Ballast (Office, Storage, Washroom) Daylight Sensor (Office, Core Retail and Core Warehouse)



4



ea



225. 0



900



4



ea



125. 0



500



5



ea



275. 0



1,375



Total



2,775



ASHRAE 2010 Incremental Capital Cost



Measure Name All Climate Zone ECM-7: Reduced Exterior LPD



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Uncovered Parking Area 21,800 ft2 4.96 0.15 W/sq. ft Total



Capital Cost $



Item



108,128



1



$2,355



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $ Uncovered Parking Area: 21,800 ft2 4.86 0.13 W/sq. ft



108,128



Total ASHRAE 2010 Incremental Capital Cost



122
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Capital Cost $



-$2,180



Capital Cost $



105,948



105,948
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Measure Name All Climate Zone ECM-8: Exterior Lighting Control



Item



1



2



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ 105. Typical Ballast 8 ea 0 None



-



-



Capital Cost $



Item



840



1



0.0



-



2



Total



840



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $ Dimmable 125. 8 ea Ballast 0 Dimming Control System



1



ASHRAE 2010 Incremental Capital Cost



Measure Name South ECM-9: Increased Furnace Efficiency (RTU)



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



1



Combustion Efficiency: 80%



1,980,6 99



Btu/ h



0.03 6



2



Combustion Efficiency: 80%



1,265,1 07



Btu/ h



0.03 6 Total



175



Total



1,175



$335



Capital Cost $



Item



71,305



1



Thermal Efficiency: 80%



1,907,80 2



Btu/h



45,544



2



Thermal Efficiency: 80%



1,230,75 9



Btu/h



116,849



123



1,000



175. 0



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $



ASHRAE 2010 Incremental Capital Cost
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ea



Capital Cost $



-$3,861



0.03 6



0.03 6 Total



Capital Cost $



68,681



44,307 112,988
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Measure Name Interior ECM-9: Increased Furnace Efficiency (RTU)



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



1



Combustion Efficiency: 80%



2,798,1 33



Btu/ h



0.03 6



2



Combustion Efficiency: 80%



1,790,7 37



Btu/ h



0.03 6 Total



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $



Capital Cost $



Item



100,733



1



Thermal Efficiency: 80%



2,721,31 8



Btu/h



64,467



2



Thermal Efficiency: 80%



1,724,94 3



Btu/h



165,199 ASHRAE 2010 Incremental Capital Cost



Measure Name North ECM-9: Increased Furnace Efficiency (RTU)



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



1



Combustion Efficiency: 80%



2,817,8 54



Btu/ h



0.03 6



2



Combustion Efficiency: 80%



1,860,9 32



Btu/ h



0.03 6 Total



0.03 6 Total



Capital Cost $



Item



101,443



1



Thermal Efficiency: 80%



2,820,65 3



Btu/h



66,994



2



Thermal Efficiency: 80%



1,797,50 3



Btu/h



168,436
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97,967



62,098 160,065



-$5,134



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $



ASHRAE 2010 Incremental Capital Cost
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0.03 6



Capital Cost $



-$2,183



0.03 6



0.03 6 Total



Capital Cost $



101,544



64,710 166,254
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Measure Name



Item



1 South ECM-10: DX Cooling 2



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Packaged RTU (Retail Core) DX Cooling 77,8 EER - 9.0, 1 ea 15 Cooling Capacity: 984,652 Btu/h Packaged RTU (Other) - DX Cooling 57,8 EER - 9.3, 1 ea 61 Cooling Capacity: 667,277 Btu/h Total
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Capital Cost $



77,815



57,861



135,677



Proposed Case (ASHRAE 90.1-2010) Cost per Item Description Quantity Unit Unit $ Packaged RTU (Retail Core) DX Cooling 78,7 1 EER - 9.5, 1 ea 05 Cooling Capacity: 925,949 Btu/h Packaged RTU (Other) - DX Cooling 57,6 2 EER - 9.8, 1 ea 53 Cooling Capacity: 647,624 Btu/h Total ASHRAE 2010 Incremental Capital $682 Cost
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Capital Cost $



78,705



57,653



136,358
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Measure Name



Item



1 Interior ECM-10: DX Cooling 2



126



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Packaged RTU (Retail Core) DX Cooling 99,3 EER - 9.0, 1 ea 51 Cooling Capacity: 1,291,418 Btu/h Packaged RTU (Other) - DX Cooling 75,7 EER - 9.0, 1 ea 37 Cooling Capacity: 948,973 Btu/h Total



Capital Cost $



99,351



75,737



175,088



Proposed Case (ASHRAE 90.1-2010) Cost per Item Description Quantity Unit Unit $ Packaged RTU (Retail Core) DX Cooling 93,1 1 EER - 9.5, 1 ea 32 Cooling Capacity: 1,112,084 Btu/h Packaged RTU (Other) - DX Cooling 70,5 2 EER - 9.5, 1 ea 38 Cooling Capacity:833,19 9 Btu/h Total ASHRAE 2010 Incremental Capital Cost $11,419
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Capital Cost $



93,132



70,538



163,670
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Measure Name



Item



1 North ECM-10: DX Cooling 2



Measure Name South ECM-11: Enthalpy Wheel 50% Heat Recovery Effectivene ss



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Packaged RTU (Retail Core) DX Cooling 52,0 EER - 9.3, 1 ea 27 Cooling Capacity: 616,993 Btu/h Packaged RTU (Other) - DX Cooling 62,6 EER - 9.3, 1 ea 50 Cooling Capacity: 713,857 Btu/h Total



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



N/A



Total



Capital Cost $



52,027



62,650



114,678



Proposed Case (ASHRAE 90.1-2010) Cost per Item Description Quantity Unit Unit $ Packaged RTU (Retail Core) DX Cooling 56,6 1 EER - 9.8, 1 ea 95 Cooling Capacity: 637,354 Btu/h Packaged RTU (Other) - DX Cooling 60,1 2 EER - 9.8, 1 ea 31 Cooling Capacity: 675,486 Btu/h Total ASHRAE 2010 Incremental Capital $2,149 Cost



Capital Cost $



Item



-



1



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $



Enthalpy Wheel 15517 CFM



1



ASHRAE 2010 Incremental Capital Cost



hi c:\users\ihood\desktop\bcbc update\rpt01_bc_energy_code_comparison__update_201201018.docx



ea



127



$72,000



Capital Cost $



56,695



60,131



116,826



Capital Cost $



72,0 00



72,000



Total



72,000
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Measure Name



Item



Interior ECM-11: Enthalpy Wheel 50% Heat Recovery Effectivene ss



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



Capital Cost $



Item



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $



N/A



-



N/A



-



N/A



-



N/A



-



Total



-



Total ASHRAE 2010 Incremental Capital Cost



Measure Name North ECM-11: Enthalpy Wheel 50% Heat Recovery Effectivene ss



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Enthalpy Wheel 16910 CFM



1



ea



78,0 00



N/A Total



-



$0



Proposed Case (ASHRAE 90.1-2010) Cost per Description Quantity Unit Unit $



Capital Cost $



Item



78,000



1



Enthalpy Wheel 16910 CFM



1



ea



78,0 00



78,000



-



2



Enthalpy Wheel 8594 CFM



1



ea



42,4 14



42,414



Total



120,414



78,000 ASHRAE 2010 Incremental Capital Cost



128



Capital Cost $
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$42,414



Capital Cost $
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Table 32: Detailed Summary of Incremental Capital Costing, ASHRAE 90.1-2004 to NECB 2011, Big Box Retail



Measure Name South ECM-1: Increased Roof Rvalue



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Metal Building R-15.4 overall (Min insulation req. R-19)



95,194



ft2



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



2.82



268,447



1



Metal Building R-25.0 overall



95,194



ft2



4.23



402,671



Total



268,447



Total



402,671



NECB 2011 Incremental Capital Cost



Measure Name Interior ECM-1: Increased Roof Rvalue



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Metal Building R-15.4 overall (Min insulation req. R-19)



95,194



ft2



$134,224



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



2.82



268,447



1



Metal Building R-31.0 overall



95,194



ft2



5.58



531,183



Total



268,447



Total



531,183



NECB 2011 Incremental Capital Cost



hi c:\users\ihood\desktop\bcbc update\rpt01_bc_energy_code_comparison__update_201201018.docx



129



$262,735
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Measure Name North ECM-1: Increased Roof Rvalue



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Metal Building R-15.4 overall (Min insulation req. R-19)



100,000



ft2



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



2.82



282,000



1



Metal Building R-35.0 overall



100,000



ft2



6.51



651,000



Total



282,000



Total



651,000



NECB 2011 Incremental Capital Cost



Measure Name



South ECM-2: Increased Wall/Slabon-grade R-value



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Steel-framed R-11.9 overall (Min Insulation: R13.0 + R-3.8 c.i.)



16,596



ft2



1.97



32,694



1



Steel-framed R-18 overall



16,596



ft2



0.99



16,430



2



Slab on grade (not required)



-



ft2



0.00



-



2



Slab-ongrade (R-7.5 for 48 in.)



5,060



ft2



1.44



7,286



Total



32,694



Total



23,716



NECB 2011 Incremental Capital Cost
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$369,000
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-$8,978
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Measure Name



Interior ECM-2: Increased Wall/Slabon-grade R-value



Item



1



2



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Steel-framed R-11.9 overall (Min 16,596 ft2 1.97 Insulation: R13.0 + R-3.8 c.i.) Slab on grade (not required)



-



ft2



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



32,694



1



Steel-framed R-20.4 overall



16,596



ft2



2.69



44,643



0.00



-



2



Slab-ongrade (R-7.5 for 48 in.)



5,060



ft2



1.44



7,286



Total



32,694



Total



51,930



NECB 2011 Incremental Capital Cost



Measure Name



North ECM-2: Increased Wall/Slabon-grade R-value



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



$19,236



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Steel-framed R-15.6 overall (Min Insulation: R13.0 + R-7.5 c.i.)



16,596



ft2



2.69



44,643



1



Steel-framed R-27.0 overall



16,596



ft2



5.01



83,146



2



Slab on grade (not required)



-



ft2



0.00



-



2



Slab-ongrade (R-7.5 for 48 in.)



5,060



ft2



1.44



7,286



Total



44,643



Total



90,432



NECB 2011 Incremental Capital Cost
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$45,789
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Measure Name South/Interi or ECM-3: Continuous Air Barrier



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Above-grade Wall (Steelframed)



16,596



ft2



0.16



2,655



1



Above-grade Wall (Steelframed)



16,596



ft2



0.16



2,655



2



Roof



95,194



ft2



0.16



15,231



2



Roof



95,194



ft2



0.16



15,231



Total



17,886



Total



17,886



Incremental Capital Cost



Measure Name



North ECM-3: Continuous Air Barrier



Item



1



2



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Above-grade Wall (Steel16,596 ft2 0.16 framed) Roof



100,000



ft2



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



2,655



1



Above-grade Wall (Steelframed)



16,596



ft2



0.16



2,655



0.16



16,000



2



Roof



100,000



ft2



0.16



16,000



Total



18,655



Total



18,655



Incremental Capital Cost
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$0
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Measure Name



Item



1 South ECM-4: Decreased Window Uvalue 2



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Fixed Window U-0.40 SHGCNORTH 750 ft2 65.0 -0.49; SHGCOTHER0.39 Fixed Window (storefront) U-0.45 SHGCNORTH 4,120 ft2 65.0 -0.49; SHGCOTHER0.39 Total



Proposed Case (NECB 2011) Capital Cost $



48,750



267,800



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Metal Framing (all other) U-0.423, SHGC-0.40



750



ft2



65.0



48,750



2



Metal Framing (storefront) U-0.423, SHGC-0.40



4,120



ft2



65.0



267,800



Total



316,550



316,550 NECB 2011 Incremental Capital Cost
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$0
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Measure Name



Item



1 Interior ECM-4: Decreased Window Uvalue 2



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Fixed Window U-0.40 SHGCNORTH 750 ft2 65.0 -0.49; SHGCOTHER0.39 Fixed Window (storefront) U-0.45 SHGCNORTH 4,120 ft2 65.0 -0.49; SHGCOTHER0.39 Total



Proposed Case (NECB 2011) Capital Cost $



48,750



267,800



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Metal Framing (all other) U-0.387, SHGC-0.40



750



ft2



65.0



48,750



2



Metal Framing (storefront) U-0.387, SHGC-0.40



4,120



ft2



65.0



267,800



Total



316,550



316,550 NECB 2011 Incremental Capital Cost
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Measure Name



Item



1 North ECM-4: Decreased Window Uvalue 2



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Fixed Window U-0.40 SHGCNORTH 750 ft2 65.0 -0.64; SHGCOTHER0.49 Fixed Window (storefront) U-0.45 SHGCNORTH 4,120 ft2 65.0 -0.64; SHGCOTHER0.49 Total



Proposed Case (NECB 2011) Capital Cost $



48,750



267,800



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Metal Framing (all other) U-0.387, SHGC-0.45



750



ft2



65.0



48,750



2



Metal Framing (storefront) U-0.387, SHGC-0.45



4,120



ft2



65.0



267,800



Total



316,550



316,550 NECB 2011 Incremental Capital Cost
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$0
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Measure Name



Item



1



2 All Climate Zone ECM-5: Reduced Interior LPD



3



4 5 6



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Sales Area: 73,000 ft2 0.27 1.7 W/sq. ft Office Enclosed and 2,000 ft2 1.51 Open: 1.1 W/sq. ft Active Storage/Shippi ng & 5,000 ft2 0.93 Receiving: 0.8 W/sq. ft Restrooms: 1,000 ft2 0.86 0.9 W/sq. ft Electrical/Mec hanical: 1.5 2,000 ft2 0.50 W/sq. ft Warehouse: 17,000 ft2 0.27 0.9 W/sq.ft Total



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



19,710



1



Sales Area: 1.68 W/sq. ft



73,000



ft2



0.27



19,710



3,020



2



Office Enclosed: 1.11 W/sq. ft



2,000



ft2



1.52



3,040



4,650



3



Storage/Ship ping & Receiving: 0.63 W/sq. ft



5,000



ft2



1.18



5,900



860



4



1,000



ft2



0.94



940



1,000



5



2,000



ft2



0.53



1,060



4,658



6



17,000



ft2



0.18



3,009



Total



33,659



Restrooms: 0.98 W/sq. ft Electrical/Mec hanical: 1.24 W/sq. ft Warehouse: 0.58 W/sq.ft



33,898 NECB 2011 Incremental Capital Cost
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Measure Name



Item



1 All Climate Zone ECM-6: Interior Lighting Controls



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



None



-



2



Typical Ballast



4



3



None



-



-



ea



0.0



Proposed Case (NECB 2011) Capital Cost $



-



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Occupancy Sensor (Office, Storage, Washroom)



4



ea



225.0



900



4



ea



125.0



500



-



0.0



-



Total



1,400



105.0



420



2



Dimmable Ballast (Office, Storage, Washroom)



0.0



-



3



None



Total



420 NECB 2011 Incremental Capital Cost
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Measure Name All Climate Zone ECM-7: Reduced Exterior LPD



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Uncovered Parking Area 21,800 ft2 4.96 0.15 W/sq. ft Total



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



108,128



1



Uncovered Parking Area: 0.13 W/sq. ft



21,800



ft2



4.86



105,948



Total



105,948



108,128 NECB 2011 Incremental Capital Cost



Measure Name All Climate Zone ECM-8: Exterior Lighting Control



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Typical Ballast



8



ea



105.0



840



1



Typical Ballast



8



ea



105.0



840



2



None



-



-



0.0



-



2



None



-



-



0.0



-



Total



840



Total



840



NECB 2011 Incremental Capital Cost
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Measure Name South ECM-9: Increased Furnace Efficiency (RTU)



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Combustion Efficiency: 80%



1,980,69 9



Btu/ h



0.036



71,305



1



Thermal Efficiency: 81%



2,002,97 6



Btu/h



0.039



78,116



2



Combustion Efficiency: 80%



1,265,10 7



Btu/ h



0.036



45,544



2



Thermal Efficiency: 81%



1,224,85 2



Btu/h



0.039



47,769



Total



116,849



Total



125,885



NECB 2011 Incremental Capital Cost



Measure Name Interior ECM-9: Increased Furnace Efficiency (RTU)



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



$9,036



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Combustion Efficiency: 80%



2,798,13 3



Btu/ h



0.036



100,733



1



Thermal Efficiency: 81%



2,808,90 0



Btu/h



0.039



109,547



2



Combustion Efficiency: 80%



1,790,73 7



Btu/ h



0.036



64,467



2



Thermal Efficiency: 81%



1,748,57 4



Btu/h



0.039



68,194



Total



165,199



Total



177,741



NECB 2011 Incremental Capital Cost
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Measure Name North ECM-9: Increased Furnace Efficiency (RTU)



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



1



Combustion Efficiency: 80%



2,817,85 4



Btu/ h



0.036



101,443



1



Thermal Efficiency: 81%



2,827,32 6



Btu/h



0.039



110,266



2



Combustion Efficiency: 80%



1,860,93 2



Btu/ h



0.036



66,994



2



Thermal Efficiency: 81%



1,788,87 6



Btu/h



0.039



69,766



Total



168,436



Total



180,032



NECB 2011 Incremental Capital Cost
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Measure Name



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



Proposed Case (NECB 2011) Capital Cost $



Item



1



Packaged RTU (Retail Core) - DX Cooling EER - 9.0, Cooling Capacity: 984,652 Btu/h



1



ea



77,81 5



77,815



1



2



Packaged RTU (Other) DX Cooling EER - 9.3, Cooling Capacity: 667,277 Btu/h



1



ea



57,86 1



57,861



2



Total



135,677



South ECM-10: DX Cooling



Description Packaged RTU (Retail Core) - DX Cooling EER - 9.5, Cooling Capacity: 1,002,413 Btu/h Packaged RTU (Other) DX Cooling EER - 9.7, Cooling Capacity: 645,746 Btu/h



Quantity



Unit



Cost per Unit $



Capital Cost $



1



ea



85,150



85,150



1



ea



54,948



54,948



Total



140,098



NECB 2011 Incremental Capital Cost
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Measure Name



Item



1 Interior ECM-10: DX Cooling



2



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Packaged RTU (Retail Core) - DX Cooling 99,35 EER - 9.0, 1 ea 1 Cooling Capacity: 1,291,418 Btu/h Packaged RTU (Other) DX Cooling 75,73 EER - 9.0, 1 ea 7 Cooling Capacity: 948,973 Btu/h Total



Proposed Case (NECB 2011) Capital Cost $



Item



99,351



1



75,737



2



Description Packaged RTU (Retail Core) - DX Cooling EER - 9.5, Cooling Capacity: 1,194,000 Btu/h Packaged RTU (Other) DX Cooling EER - 9.5, Cooling Capacity: 850,700 Btu/h



Quantity



Unit



Cost per Unit $



Capital Cost $



1



ea



108,36 0



108,360



1



ea



77,916



77,916



Total



186,276



175,088 NECB 2011 Incremental Capital Cost
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Measure Name



Item



1 North ECM-10: DX Cooling



2



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Packaged RTU (Retail Core) - DX Cooling 52,02 1 ea EER - 9.3, 7 Cooling Capacity: 616,993 Btu/h Packaged RTU (Other) DX Cooling 62,65 EER - 9.3, 1 ea 0 Cooling Capacity: 713,857 Btu/h Total



Proposed Case (NECB 2011) Capital Cost $



Item



52,027



1



62,650



2



Description Packaged RTU (Retail Core) - DX Cooling EER - 9.7, Cooling Capacity: 648,751 Btu/h Packaged RTU (Other) DX Cooling EER - 9.7, Cooling Capacity: 669,000 Btu/h



Quantity



Unit



Cost per Unit $



Capital Cost $



1



ea



54,008



54,008



1



ea



52,890



52,890



Total



106,898



114,678 NECB 2011 Incremental Capital Cost
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Measure Name



Item



South ECM-11: Enthalpy Wheel 50% Heat Recovery Effectivene ss



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



N/A



Total



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



-



1



Enthalpy Wheel 15532 CFM



1



ea



72,000



72,000



Total



72,000



NECB 2011 Incremental Capital Cost



Measure Name Interior ECM-11: Enthalpy Wheel 50% Heat Recovery Effectivene ss



Item



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



N/A



-



1



Enthalpy Wheel 16146 CFM



1



ea



74,000



74,000



N/A



-



2



Enthalpy Wheel 8206 CFM



1



ea



40,542



40,542



Total



114,542



Total



NECB 2011 Incremental Capital Cost
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Measure Name North ECM-11: Enthalpy Wheel 50% Heat Recovery Effectivene ss



Item



1



Baseline Case (ASHRAE 90.1-2004) Cost per Description Quantity Unit Unit $ Enthalpy Wheel 16910 CFM



1



ea



78,00 0



N/A Total



Proposed Case (NECB 2011) Capital Cost $



Item



Description



Quantity



Unit



Cost per Unit $



Capital Cost $



78,000



1



Enthalpy Wheel 16910 CFM



1



ea



78,000



78,000



-



2



Enthalpy Wheel 8594 CFM



1



ea



42,414



42,414



Total



120,414



78,000 NECB 2011 Incremental Capital Cost
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Table 33: Incremental Cost Summary, ASHRAE 90.1-2004 to 2010 ($)



Table 34: Incremental Cost Summary, ASHRAE 90.1-2004 to NECB 2011 ($)
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2



Table 35: Incremental Cost Summary, ASHRAE 90.1-2004 to 2010 ($/m )



2



Table 36: Incremental Cost Summary, ASHRAE 90.1-2004 to NECB 2011 ($/m )
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Appendix F: Contributors



This appendix provides contact information for the various contributors to the study.



The Province Jarrett Hutchinson Manager, Building Policy and Codes Development Building and Safety Standards Branch Office of Housing and Construction Standards Ministry of Energy and Mines Province of British Columbia Phone: 250.356.8163 [email protected]



John Nicol Senior Policy Analyst Building and Safety Standards Branch Office of Housing and Construction Standards Ministry of Energy and Mines Province of British Columbia Phone: 250-387-1473 [email protected]



BC Hydro Toby Lau, P.Eng. Manager, Policies, Codes and Standards BC Hydro Power Smart Suite 900 - 4555 Kingsway, Burnaby, BC V5H 4T8 Phone: (604) 453-6240 [email protected]



Dr. Alexander Rosemann, P.Eng., LC, CEM Specialist Engineer - Codes & Standards BC Hydro Power Smart Suite 900 - 4555 Kingsway, Burnaby, BC V5H 4T8 Phone: (604) 453 6427 [email protected]
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Stantec Team Hitesh Tailor, MSc., LEED® AP BD+C Role: Principal in Charge Principal, Sustainable Solutions Stantec 1100 - 111 Dunsmuir Street Vancouver BC V6B 6A3 Phone:(604) 696-8390 [email protected]



Innes Hood, P. Eng., MASc., MSc., LEED® AP BD+C Role: Coordination, Management, Review, Analysis, Report Writing Senior Sustainability Specialist Stantec 1100 - 111 Dunsmuir Street Vancouver BC V6B 6A3 Phone: (604) 696-8114 [email protected]



Kevin Leung, MEng, EIT, LEED® AP BD+C Role: Energy Modeling, Analysis, Report Writing Sustainable Building Analyst Stantec 1100 - 111 Dunsmuir Street Vancouver BC V6B 6A3 Phone: (604) 696-8344 [email protected]



Sub Consultants Neill McGowan, MBA, PQS(F) Role: Cost Consultant Partner BTY Group 2288 Manitoba Street, Vancouver, BC V5Y 4B5 Phone: (604) 734-3126 [email protected]



Sean Durcan, MRICS, PQS Role: Cost Consultant Senior Project Consultant BTY Group 2288 Manitoba Street, Vancouver, BC V5Y 4B5 Phone: (604) 734-3126 [email protected]



Joseph Chan, MRICS Role: Cost Consultant BTY Group 2288 Manitoba Street, Vancouver, BC V5Y 4B5 Phone: (604) 734-3126 [email protected]
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