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MEMORANDUM	

TO:	Martha Brook, Joe Loyer
[bookmark: _GoBack]FROM:	Roger Hedrick
CC:	Dimitri Contoyannis
DATE:	1/4/2012
SUBJECT:	Efficiency Measures included in Analysis of Retrofit Savings Impacts for 2013 Standards
This document describes details of the analysis of the statewide energy savings impact on retrofit projects of the 2013 Standards.  Simulation analysis using EnergyPlus version 6, and selected buildings from the set of DOE developed “Prototype” buildings.  These models were modified to use parameters for a number of inputs, allowing the models to be varied on a run by run basis, without modifying the input file between runs.  The parameterized models could match a 2008 compliant building, an existing building or include applicable efficiency measures that are expected to be included in the 2013 Standard.  Each of the building types and configurations was simulated in each of the 16 California climate zones, using recently updated weather and TDV data files (from October of 2010).  
Estimates of existing building floor area, subdivided by building type and climate zone, were used to extrapolate the energy savings calculated for each building and climate zone to determine a statewide impact.  The building types between the floor area estimates and the simulation models are not a direct match.  Table 1 describes the mapping of the simulation models to the built floor area building types.  
The term “DOE Prototype Building” refers to the U.S. Department of Energy Commercial Prototype Building Models of ASHRAE Standard 90.1-2010 compliant models of the National Building Stock.  The term “California Construction” refers to the 2014 forecasted California Construction by building type, developed by the California Energy Commission (CEC) Forecasting Office.  
The percentages in the “DOE Prototype Building Share of California Construction” column were developed using the rules of the Codes and Standards considered, the building characteristics, the occupancy type and engineering judgment.  The percentages represent the portion of the particular California forecasted construction building type that is best represented by a DOE Prototype Building type.  For example, 50% of California’s forecasted construction for Large Offices would be assumed to be comprised of buildings similar to the DOE Prototype Building Large Offices and the other 50% would be DOE Prototype Building Medium Office.
[bookmark: _Ref301952345]Table 1: Correspondence between the California Forecasted Construction and the DOE Prototype Buildings
	California Construction Building Type
	DOE Prototype Building Type
	DOE Prototype Building Share of California Construction

	Small Office
	Small Office 
	100%

	Large Office
	Large Office 
	50%

	Large Office
	Medium Office 
	50%

	Restaurant
	Full-Service Restaurant 
	40%

	Restaurant
	Quick-Service Restaurant 
	60%

	Retail
	Stand-alone Retail 
	50%

	Retail
	Strip Mall 
	50%

	Non-refrigerated Warehouse
	Warehouse 
	100%

	School
	Primary School 
	34%

	School
	Secondary School 
	66%

	Hotel
	Large Hotel 
	100%



Table 2 lists the energy conservation measures (ECMs) to be addressed in the analysis, along with brief comments on the specific changes to the energy model associated with each measure.  Table 3 lists each of the 11 prototype buildings showing whether each of the ECMs listed in Table 2 were applied to that building type.  For example, measures which address chillers and cooling towers are only applicable to large buildings which include a central plant.  
Details of how each ECM was applied to each building are discussed below. 

Table 2: Energy Conservation Measures to be Included in the Impact Analysis Modeling
	[bookmark: RANGE!A1:C14]Non-Residential and Process
CASE Measures
	Title
	Analysis Questions

	Nonres Env: Roofs
	Nonres low-sloped roof  Solar Reflectance and Thermal Emittance
	CZ2-15: Reflectance 0.55 goes to 0.68, Thermal emittance stays 0.75, SRI 64 goes to 85.  CZ1 & CZ16 same new values, from no requirement.  Use reflectance = 0.25, emittance = 0.80

	NR-3 
	Indoor Lighting
	Scope = Offices 
Area Category Method, open offices - reduce from 0.9 to 0.7 W/sf

	NR-10
	SZVAV (Fan Control and Integrated Economizers)
	VAV vs. CAV for capacities between 6 and 10 tons.  Requirements on fan power (1.25 W/cfm VAV, 0.8 W/cfm CAV) and economizer operation.  Review "two-stage thermostat" analysis done for PECI to get economizer inputs. 

	NR-12
	Reduce Reheat
	Baseline - as heating load increases from 0 - increase both SCFM and SAT.  Proposed - as heating load increases from 0 increase SAT to 95F, then increase SCFM to max of 50% of cooling max cfm.

	ASHRAE 2
	Chiller eff and Chiller k Factor Equation
	Baseline - Use values from "before 1/1/2010" columns of Table 112D.  Proposed - use values from Path B columns if available, otherwise use Path A columns.

	ASHRAE 5
	Kitchen ventilation
	Apply revised exhaust fan schedule reflecting demand controlled operation.  



Table 3: Energy Conservation Measures to be Applied to Each Prototype Building Type
	Non-Residential and Process CASE Measures
	Hotel Large
	Office Large
	Office Medium
	Office Small
	Restaurant Fast Food
	Restaurant Sitdown
	Retail Standalone
	Retail Strip Mall
	School Primary
	School Secondary
	Warehouse

	Nonres Env: Roofs
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	NR-3 
	No
	Yes
	Yes
	Yes
	No
	No
	No
	No
	Yes
	Yes
	Yes

	NR-10
	No
	No
	Yes
	No
	Yes
	Yes
	Yes
	No
	No
	Yes
	No

	NR-12
	Yes
	No
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	No

	ASHRAE 2
	No
	Yes
	No
	No
	No
	No
	No
	No
	No
	No
	No

	ASHRAE 5
	No
	No
	No
	No
	Yes
	Yes
	No
	No
	No
	No
	No


For the Large Office, the maximum supply air temperature was reset from 55°F to 65°F.




Application of ECMs to Each Building Type
Hotel Large
Nonres Env: Roofs – Change in reflectance and thermal emittance applied to 21,289 ft² of roof area
NR-3 – NA
NR-10 – NA
NR-12 – Heating damper control action changed from “Normal” to “Reverse.”  Maximum reheat temperature changed from 122°F to 95°F.  Maximum zone flow fraction in heating changed from 0.5 to 0.3.  
ASHRAE 2 – NA
ASHRAE 5 – NA
Office Large
Nonres Env: Roofs – Change in reflectance and thermal emittance applied to 38,333 ft² of roof area
NR-3 – LPD reduced from 0.9 W/ft² to 0.7 W/ft² in 498,334 ft² of office area
NR-10 – NA
NR-12 – NA
ASHRAE 2 – Chiller efficiency changed from 6.1 to 6.1684
ASHRAE 5 – NA
In addition, the maximum supply air temperature was reset from 55°F to 65°F.  
Office Medium
Nonres Env: Roofs – Change in reflectance and thermal emittance applied to 17,867 ft² of roof area
NR-3 – LPD reduced from 0.9 W/ft² to 0.7 W/ft² in 43,019 ft² of office area
NR-10 – 4 packaged VAV systems.  Economizer limit temperature changed from 54°F to 70°F.  
NR-12 – Heating damper control action changed from “Normal” to “Reverse.”  Maximum reheat temperature changed from 104°F to 95°F.  
ASHRAE 2 – NA
ASHRAE 5 – NA
Office Small
Nonres Env: Roofs – Change in reflectance and thermal emittance applied to 6,442 ft² of roof area
NR-3 – LPD reduced from 0.9 W/ft² to 0.7 W/ft² in 5,500 ft² of office area
NR-10 – NA
NR-12 – NA
ASHRAE 2 – NA
ASHRAE 5 – NA
Restaurant Fast Food
Nonres Env: Roofs – Change in reflectance and thermal emittance applied to 2,786 ft² of roof area
NR-3 – NA
NR-10 – 2 packaged units, converted from constant volume to variable volume.  Cooling COP changed from 3.745 to 3.844.  Economizer limit temperature changed from 54°F to 70°F.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]NR-12 – Heating damper control action changed from “Normal” to “Reverse.”  Maximum reheat temperature changed from 122°F to 95°F.  
ASHRAE 2 – NA
ASHRAE 5 – Demand controls applied to 2,418 cfm of kitchen exhaust and 882 cfm of dining room exhaust.
Restaurant Sitdown
Nonres Env: Roofs – Change in reflectance and thermal emittance applied to 6,127 ft² of roof area
NR-3 – NA
NR-10 – 2 packaged units, converted from constant volume to variable volume.  Economizer limit temperature changed from 54°F to 70°F.  
NR-12 – Heating damper control action changed from “Normal” to “Reverse.”  Maximum reheat temperature changed from 122°F to 95°F.  
ASHRAE 2 – NA
ASHRAE 5 – Demand controls applied to 2,577 cfm of kitchen exhaust
Retail Standalone
Nonres Env: Roofs – Change in reflectance and thermal emittance applied to 24,680 ft² of roof area
NR-3 – NA
NR-10 – 4 packaged units, 3 converted from constant volume to variable volume (one is VAV in baseline).  Constant volume unit cooling COP is 3.745, VAV cooling COP is 3.371.  Economizer limit temperature changed from 54°F to 70°F.  
NR-12 – Heating damper control action changed from “Normal” to “Reverse.”  Maximum reheat temperature changed from 122°F to 95°F.  
ASHRAE 2 – NA
ASHRAE 5 – NA
Retail Stripmall
Nonres Env: Roofs – Change in reflectance and thermal emittance applied to 22,489 ft² of roof area
NR-3 – NA
NR-10 – NA
NR-12 – NA
ASHRAE 2 – NA
ASHRAE 5 – NA
School Primary
Nonres Env: Roofs – Change in reflectance and thermal emittance applied to 73,657 ft² of roof area
NR-3 – LPD reduced from 0.9 W/ft² to 0.7 W/ft² in 4,744 ft² of office area
NR-10 – NA
NR-12 – 7 packaged units, 5 VAV and 2 CV.  VAV heating damper control action changed from “Normal” to “Reverse.”  Maximum reheat temperature changed from 122°F to 95°F.  VAV minimum flow fraction changed from 0.3 to 0.2.
ASHRAE 2 – NA
ASHRAE 5 – NA
School Secondary
Nonres Env: Roofs – Change in reflectance and thermal emittance applied to 125,405 ft² of roof area
NR-3 – LPD reduced from 0.9 W/ft² to 0.7 W/ft² in 4,519 ft² of office area
NR-10 – Primarily chilled water VAV systems, with some packaged DX VAV or CV.  Economizer limit temperature changed from 54°F to 70°F.  
NR-12 – Heating damper control action changed from “Normal” to “Reverse.”  Maximum reheat temperature changed from 122°F to 95°F.  VAV minimum flow fraction changed from 0.3 to 0.2.
ASHRAE 2 – NA
ASHRAE 5 – NA
Warehouse
Nonres Env: Roofs – Change in reflectance and thermal emittance applied to 48,734 ft² of roof area
NR-3 – LPD reduced from 0.9 W/ft² to 0.7 W/ft² in 2,548 ft² of office area
NR-10 – NA
NR-12 – NA
ASHRAE 2 – NA
ASHRAE 5 – NA
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