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            Spring 2011 HIGH PERFORMING BUILDINGS 17 It uses hydronic heat transfer, which is more efﬁcient than trans- ferring heat through air. Traditionally, air is heated or cooled in an air handler and fan energy is used to distribute that air to the space. Due to the much higher heat capacity of water, hydronic technology uses far less distribution energy to provide or remove heat. The system has the signiﬁcant ben- eﬁt of eliminating reheat entirely, as T he 45,000 ft 2 Brower Center has received a LEED Platinum rating with a score of 55 out of 60 possible. It is the ﬁrst building of its kind in Berkeley and one of fewer than 10 such buildings in northern California. The Center includes a restaurant, meeting rooms, a theater, and ofﬁce space for environmental and social action organizations. Energy Efﬁciency Overall, the building is predicted to use more than 60% less energy than the average U.S. building of similar use, without taking credit for the energy use production of the onsite 66 kW PV system. Compared to the more stringent California Title 24 prescriptive building baseline, the Center is modeled to be 44% better than baseline. HVAC and Whole Building Design Energy efﬁciency gains were pro- vided by a combination of HVAC and whole building design strate- gies and technologies. The majority of the building has no compressor-based cooling; skin loads have been minimized and all cooling is provided through indirect evaporative cooling from a cooling tower. Dehumidiﬁcation is not pro- vided nor required in this climate where high humidity only occurs on cool days; in a typical year, only one hour exceeds a dew point of 63°F, which is equivalent to an RH of 65% after the air is heated to the inside space temperature. The building uses an in-slab hydronic radiant heating and cool- ing system, which absorbs heat or cooling from the space as needed. DAVID BROWER CENTER CASE STUDY BUILDING AT A GLANCE Name David Brower Center Location Downtown Berkeley, Calif. Owner Nonproﬁt David Brower Center Principal Use Ofﬁce space and program facilities for environmental and social action organizations Includes Ofﬁce space, meeting rooms, theater, restaurant Employees/Occupants 198 Occupancy 80% Gross Square Footage 45,000 Conditioned Space 38,362 Distinctions/Awards LEED Platinum, First Place 2011 ASHRAE Technology Award Total Cost $ 18,750,000 Cost Per Square Foot $417 Substantial Completion/Occupancy May 2009 Left  The exposed ceiling radiant slab can be  seen in this ofﬁce space. The ofﬁce space  thermal mass is precooled at night, decreas- ing peak electrical use.   Opposite  A projecting awning structure of  the David Brower Center in Berkeley, Calif.,  orients photovoltaic panels southward  toward the sun and delineates the build- ing’s top. © Tim Grifﬁth GREEN The David Brower Center is a powerful model of sustainable, mixed-use development. David Brower, the ﬁrst executive director of the Sierra Club and founder of the Friends of Earth, was a pioneer in the modern environmental movement. The build- ing named after him uses the latest in energy-saving technologies and recycled building materials to make as light a footprint on the earth as possible, taking into account the true life-cycle cost of building construction, operation, and maintenance. BY PETER RUMSEY, P.E., FELLOW ASHRAE; AND JOHN WEALE, P.E., MEMBER ASHRAE GROUND UP FROM THE HIGH PERFORMING BUILDINGS Spring 2011 16 This article was published in High Performing Buildings, Spring 2011. Copyright 2011 American Society of Heating, Refrigerating and Air- Conditioning Engineers, Inc. Posted at www.hpbmagazine.org. This article may not be copied and/or distributed electronically or in paper form without permission of ASHRAE. For more information about High Performing Buildings, visit www.hpbmagazine.org. 
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Sp r i n g 2 011 H I G H P E R F O R M I N G B U I L D I N G S 1 7
 It uses hydronic heat transfer, which is more efficient than trans-ferring heat through air.
 Traditionally, air is heated or cooled in an air handler and fan energy is used to distribute that air to the space. Due to the much higher heat capacity of water, hydronic technology uses far less distribution energy to provide or remove heat. The system has the significant ben-efit of eliminating reheat entirely, as
 The 45,000 ft2 Brower Center has received a LEED Platinum rating with a score of 55 out of
 60 possible. It is the first building of its kind in Berkeley and one of fewer than 10 such buildings in northern California. The Center includes a restaurant, meeting rooms, a theater, and office space for environmental and social action organizations.
 Energy EfficiencyOverall, the building is predicted to use more than 60% less energy than the average U.S. building of similar use, without taking credit for the energy use production of the onsite 66 kW PV system. Compared to the more stringent California Title 24 prescriptive building baseline, the Center is modeled to be 44% better than baseline.
 HVAC and Whole Building DesignEnergy efficiency gains were pro-vided by a combination of HVAC and whole building design strate-gies and technologies.
 The majority of the building has no compressor-based cooling; skin loads have been minimized and all cooling is provided through indirect evaporative cooling from a cooling tower. Dehumidification is not pro-vided nor required in this climate where high humidity only occurs on cool days; in a typical year, only one hour exceeds a dew point of 63°F, which is equivalent to an RH of 65% after the air is heated to the inside space temperature.
 The building uses an in-slab hydronic radiant heating and cool-ing system, which absorbs heat or cooling from the space as needed.
 D A V I D B R O W E R C E N T E RC A S E S T U D Y
 B U I L D I N G AT A G L A N C E
 Name DavidBrowerCenter
 Location DowntownBerkeley,Calif.
 Owner NonprofitDavidBrowerCenter
 PrincipalUseOfficespaceandprogramfacilitiesforenvironmentalandsocialactionorganizations
 Includes Officespace,meetingrooms,theater,restaurant
 Employees/Occupants 198
 Occupancy 80%
 GrossSquareFootage 45,000 ConditionedSpace38,362
 Distinctions/Awards LEEDPlatinum,FirstPlace2011ASHRAETechnologyAward
 TotalCost $18,750,000 CostPerSquareFoot $417
 SubstantialCompletion/Occupancy May2009
 Left  The exposed ceiling radiant slab can be seen in this office space. The office space thermal mass is precooled at night, decreas-ing peak electrical use.  
 Opposite  A projecting awning structure of the David Brower Center in Berkeley, Calif., orients photovoltaic panels southward toward the sun and delineates the build-ing’s top.
 ©TimGriffith
 ©T
 imG
 riffit
 hGREENThe David Brower Center is a powerful model of sustainable, mixed-use development.
 David Brower, the first executive director of the Sierra Club and founder of the
 Friends of Earth, was a pioneer in the modern environmental movement. The build-
 ing named after him uses the latest in energy-saving technologies and recycled
 building materials to make as light a footprint on the earth as possible, taking into
 account the true life-cycle cost of building construction, operation, and maintenance.
 B Y   P E T E R   R U M S E Y,   P. E . ,   F E L L O W   A S H R A E ;   A N D   J O H N   W E A L E ,   P. E . ,   M E M B E R   A S H R A E
 GROUND UPFROM THE
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 This structural design will allow the Brower Center to remain usable after a seismic event of a magnitude that would leave a standard struc-ture in need of costly repair.
 Water Efficiency A rainwater catchment system provides water for flushing toi-lets and irrigation. The building uses about 40% less water than a standard system.
 Troubleshooting a ”faulty” level sensor in the catchment system led to the identification of over-irri-gation of landscaping raised beds around the facility and adjoining residence complex. This discovery saved water in a way never intended but welcomed by the owner.
 A landmark milestone for the city of Berkeley — the first code-compliant waterless urinal instal-lation — reduces water use sig-nificantly, as do low-flow fixtures installed throughout the building.
 plate was designed to maximize daylighting and natural ventilation.
 Lightshelves, overhangs and other envelope features were incorporated to achieve the optimized shell. A high performance skin was designed to optimize usable daylight for light-ing the interior, while reducing solar heat gain and reducing the need for heating and cooling.
 Local photocell controls are used throughout with fully dimmable electronic ballasts for automatic dimming of the super T-8 lights when daylighting allows. Dual mode occupancy sensors (IR and ultra-sonic) ensure that lighting is shut off when areas are unoccupied, and an astronomical clock ensures that exterior lighting comes on after sun-set throughout the year.
 High-slag concrete reduced cement use by 70% in the founda-tions and 50% in the superstruc-ture. A lateral structural system uses post-tensioning cables in flexural walls and frames to create a highly damage-resistant structure.
 The post-tensioning cables used in the lateral system act as springs, allowing the building to flex, then pull back to its original alignment.
 well as reducing the supply airflow down to ventilation only.
 During warm weather, the office space thermal mass is precooled at night using the cooling tower and the radiant in-slab system. This controls strategy increases off-peak electrical use slightly, but decreases peak electrical use, which reduces the burden on local utilities.
 This approach also captures cooler night temperatures to maximize the indirect evaporative cooling available from the cooling tower. The building only has compressor-based cooling in a select few gathering rooms.
 A slab precooling control approach uses cool water from the cooling tower at night to store
 efficiency, deliver hot water using pumps with variable speed drives. The low return water temperature operation (between 90°F to 110°F) is a critical aspect of maximizing condensing boiler efficiency and was made possible by the use of radiant slabs for heating and low face veloc-ity outdoor air-handler coils.
 The ground floor of the building houses the conference center, art gallery and restaurant. These spaces,
 with rapidly varying occupant and ventilation loads, are served by high efficiency water source heat pump systems that use the cooling tower and boiler for heat rejection and injection, respectively. A minor amount of heating is recovered from the heat pump loop when the confer-ence rooms and theater are cooling.
 Other key approaches are indirect evaporative cooling via the cooling towers for tempering of ventilation air, natural ventilation by operable windows and skylights throughout, and displacement ventilation via the raised floor and high placed relief grills and windows.
 Lighting, Building Envelope StrategiesSeveral daylighting strategies were used to achieve close to a 100% daylit building. A narrow floor
 cooling for the next day in the mass of the building. A nighttime, unoc-cupied slab temperature setback from 68°F to 65°F was designed to be used when appropriate, par-ticularly in conditions where the prior day’s temperatures indicate a nighttime purge or slab cooldown is appropriate to allow for a stored amount of cooling into the next warm day. In addition to cooling the slab directly with the hydronic tubing system, an air handler night flush captures cooler summer night air, flushing the building and further charging the internal thermal mass.
 High efficiency condensing boilers, selected to operate at a lower supply water temperature to maximize the
 AnnualWaterUse 278,546gallons
 W AT E R AT A G L A N C E
 AnnualEnergyUseIntensity(Site) 49.7kBtu/ft2
 NaturalGas 31.8kBtu/ft2(includesrestaurantmakeupair)Electricity 8.5kBtu/ft2RenewableEnergy(PV) 9.4kBtu/ft2
 AnnualSourceEnergy 60.2kBtu/ft2
 AnnualEnergyCostIndex(ECI) $0.69/ft2
 AnnualNetEnergyUseIntensity (Site)40.3kBtu/ft2
 Savingsvs.Title24-2001BaselineModelBuilding 42.4%
 HeatingDegreeDays 4,468
 CoolingDegreeDays 1,176
 E N E R G Y AT A G L A N C E
 The Richard & Rhoda Goldman Theater features natural bamboo walls and carpet made from 100% nontoxic, recycled post-consumer material. The theater has under-floor ventilation, and when occupied, the space is cooled using a small local water-source heat pump. 
 A floor diffuser provides easy adjustment by occupants. Leakage from the underfloor plenum ensures a minimal ventilation rate even if closed. 
 Exterior shading is not required on the north face of the David Brower Center.  
 Water Conservation Rainwatercollectionandreuseforflushing,lowflowfixturesandlavatoriesthroughout,dripirrigation
 Recycled Materials Recycledcarpet
 Daylighting Optimizationofbuildingfoot-print,interiorandexteriorlightshelves
 Individual Controls Manuallyadjust-ablefloordiffusersforventilationair
 Other Major Sustainable Features Radiantlycooled,officespacehasnomechanicalcoolingofspaceorventila-tionair(theaterandconferenceroomsuselocalwater-cooledheatpumps),buildingmasschargedatnightbyevap-orativecoolingtowerandairflushing,condensingboilerservingalowtemper-atureloop(100°Fto120°Fsupply)forhighestefficiency,superT-8lightingwithdimmingballastandphotocellcontrol
 KEY SUSTAINABLE FEATURES
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 Indoor Air QualityThe building’s HVAC system pro-vides 100% outdoor air (no recircu-lated air) for the office spaces. The office spaces use a combination of natural ventilation and a radiant floor system for heating and cool-ing, with a CO2 sensor system for demand controlled ventilation.
 The dedicated outdoor air handlers operate continuously to provide 100% outdoor air to all office spaces during building operating hours. The air-handling units have MERV 13 (ASHRAE Standard 52.2-2007) fil-ters to ensure dust and particulates do not enter occupied space.
 The top floor of the offices has operable windows at the perimeter and the interior in addition to oper-able skylights. A narrow floor plate was used to maximize natural venti-lation and daylighting.
 Each air handler has a VFD, and should any CO2 sensor indicate CO2 levels above an acceptable limit, the air handler fan will speed up to supply more ventilation air.
 The temperature setpoint in the zones during the winter is 70°F and 78°F during the summer. Without any compressor cooling for the majority of the building on warmer days, air temperature exceeds this by 1°F to 2°F; however, in the cooling season, comfort has been maintained without difficulty. The combination of radiant surface tem-peratures, mass precooling, and the accessibility of operable windows appears responsible for successfully
 On the lower office levels, the perimeter spaces have operable windows for natural ventilation when the occupant desires it. However, during the colder winter months the occupants are not likely to open their windows. As a result, each office space floor receives ventilation air via a raised floor dis-placement ventilation system.
 The two rooftop ventilation air handlers supply outdoor air to the entire building, both the raised floor spaces and the non-raised floor ground level. Each air handler has a hot water coil to temper the air to 72°F, and a cooling coil fed from the condenser water loop to temper the air to 75°F during the warmer peri-ods (indirect evaporative cooling).
 Each office floor has a demand control (CO2 based) ventilation sys-tem. CO2 sensors are located at the entry to the relief shaft (which vents spent air to outside) on each floor.
 providing occupant comfort with a wider air temperature band.
 Occupant health and comfort also is enhanced by the use of low emit-ting materials that reduce the quan-tity of indoor air contaminants that are odorous or potentially irritating.
 Operation and MaintenanceSeveral design strategies have reduced maintenance and operation costs.
 • Daylighting reduces the need for lighting maintenance; often light-ing is turned off by dimming and/or occupancy sensors.
 • The system is connected to a BMS and Building Dashboard allowing for quick diagnosis of equipment status, alarms, and maintenance items. The BMS also allows users to analyze output and make informed decisions or adjustments regarding operations
 The David Brower Center provides a central location for the Bay-area nonprofit commu-nity to collaborate on issues involving the environment and social justice. Twenty-nine organizations are tenants at the Center.
 In the Hazel Wolf Gallery and Lobby, day-lighting permeates this high space. The ceil-ing radiant slab can be seen, but the pri-mary conditioning in this space is provided by a water-cooled heat pump that uses the cooling tower and boiler for heat rejection and injection, respectively. 
 RoofType ContinuousfoaminsulationoverconcreteOverallR-value R-30.3Reflectivity 0.3(agedvalueasmodeled;PVarrayshadesmajorityofroof)
 WallsType MetalframeOverallR-value R-15Glazingpercentage 20%
 Basement/FoundationBottomoffirstfloorslabR-value R-11continuousbetweenbottomfloorandundergroundparkinggarage
 Windows U-value 0.425(includingframe)SolarHeatGainCoefficient(SHGC) 0.38VisualTransmittance 0.7
 LocationLatitude 37.9Orientation Longaxisofbuildingiseast-west,followingcitygrid
 B U I L D I N G E N V E L O P E
 Displacement ventilation is provided through the raised floor. The dedicated outdoor air handlers operate continuously to provide 100% outdoor air to all office spaces during building operating hours. 
 ©DanielSolomonDesignPartners,formerlyWRTSolomonETC
 ©TimGriffith
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 The total actual energy cost from this same time period is $26,369.26. This total cost includes taxes and surcharges. The breakdown is $12,640 for natural gas and $13,729 for electricity.
 The calculated paybacks are based on the Proposed Building Utility Performance generated from the eQuest model and the proj-ect cost estimates. Due to limited
 spaces. In response, portions of the heating system were placed in man-ual mode for a month, resulting in higher gas use as the problem with the controls program was corrected.
 The natural gas contribution is 80% of the total energy use and the elec-tricity contributes to 20% of the build-ing total energy use; natural gas use is expected to be lower this year with all control problems now corrected.
 Investigation has found the high actual gas use primarily reflects higher than modeled ventilation rates for an onsite restaurant. The baseline numbers are from the final Title 24 modeling and have not been updated to account for the additional outdoor air.
 In December and January a heating control issue resulted in the unintentional heating of some
 and energy use. It is a tool for ongo-ing optimization and identifying future investments.
 • System level metering provides accurate energy consumption of the major mechanical systems and other end-use applications.
 Commissioning this building included extensive trend analysis to confirm the sequence of operation,
 Cost EffectivenessThe actual energy consumption from June 2009 to May 2010 is 42.4% better than the baseline model (with lower ventilation loads in baseline model). The actual building used 1,220,000 kBtus of natural gas and 325,700 kBtus of purchased electricity for the year, totaling 1,546,000 kBtus annually.
 system integration and performance. Trending was conducted in heat-ing and cooling seasons, which allowed for tuning the building and finding the “best-fit” setpoints for building operation.
 Commissioning also included a comparison of the measured energy use to the modeled energy use. This analysis looked for optimization, not just proper operation.
 Commissioning is not optional.Commissioningisrequiredforallbutthesimplestsystems,andwascriticalforthesenon-traditionalsystems.Problemscanbemissedduringcommissioning,suchasamanifoldvalveincorrectlywiredandcontrolledasifinadifferentspace,butthecommissioningstillallowedtheproblemtobemorequicklydiscovered.Inaddition,commissioningprovidedafunctionaltestframeworktouseinthetroubleshooting.
 Systems unfamiliar to contractors warrant exceptional care.Severalminorproblemswiththerainwatercatchmentsystemaddeduptoasignificantchronicproblemoverthefirstyear.Issuesrangedfromafailedlevelsensortoanincorrectemergencyfillvalvecontrol(abackuprequiredtoallowfortoiletflushingwhenrainwaterisnotavailable)tophysicalleaksinthetank.
 Whiletherainwatercatchmentsystemissimple,itstillneededconsiderablymorecommissioningattentionthanmorecomplexhydronicsystemsinthebuilding;therefore,systemcomplexityisnotnecessarilythekeyindicatoroftheamountofcommissioningorconstructionadministrationeffortneeded.
 Trending of controls points is critical for commissioning and ongoing maintenance.Long-termtrendsofallcontrolspointswereincrediblyvaluableindiagnosingproblemsandimprovingsystemperformance.Aradi-antmasssystemisslowtorespondtocontrolandplantinputs,sotrendsovertimeareoftentheonlywaytoaccuratelyassessthesystembehavior.Optimizationoftemperaturesetpointsreliedontrendstoquantifyovershootandlagtimesoftheslow-respondingslabs.
 Operationalissuesalsoweresolvedquicklythroughtheuseoftrends.Forexample,abrokenpumpcouplingwasquicklydiagnosed
 asthecauseofalossofcoolingonawarmdaybyremotelyreviewingkeytrends.
 Late in design occupancy changes can impact model accuracy.Monitoringdatashowedthebuildingusedsignificantlymoregasthanthemodelpre-dicted.Investigationfoundthiswasaresultoftheoccupiedbuildinghavingahigherout-doorairflowratethantheassumptionsusedinthedesignmodels(andseeninthefirstyearofdata).Lateinthedesignchanges,includingtheadditionofarestauranttothebuildingsystem,increasedtheoutdoorairflowrates.Thehighernaturalgasusewasduetothehighervolumeofairandtheassociatedheatingload(Figure 1showsthebasecasewithoriginal,lower,airflowrate).
 Whileultimatelynotanissueinthismildclimatewiththishigh-efficiencycondensingboilerheatingsystem,inahigherheatingclimatethelowerventilationrateusedasthedesignmodelingassumptioncouldhaveresultedinasuboptimaldesignbydistortingthepaybackonaheatrecoveryventilationsystem.Whenmodelingisusedasadesigntool,itisimportanttocontinuouslyupdateandvalidateassumptionsandkeysched-ules,includingoutdoorair,withtheclient.
 Allow the engineer and controls program-mer time for post-occupancy optimization.Mostsystemswillworkalittlemoreeffi-cientlyifthedesignerandcontrolspro-grammerhaveadaytotestandpolishthecompleted,properly operating,system.Theoriginaldesignsequenceswereimprovedbybeingrevisitedbythedesignerswithtrendedactualdataavailable.
 TheDavidBrowerCentershowedbetterthanexpectedcoolingperformanceinthesummer,whichallowedadditionalsavingstobecapturedbymodifyingthenightpurgeactivationalgorithmafteroccupation.Theslabconstructionswerealsofoundtobe
 moreresponsivethanconservativelycalcu-latedindesign,whichallowedforaconsid-erablesimplificationoftheirtemperaturecontrolalgorithm.
 Seasonal follow-up with occupants and building staff is critical, as is seasonal commissioning.Whenimplementinganonstandardsystem,itisimportantforthedesignengineertomaintaincontactwiththebuildingoccu-pantsfortheentirefirstyearofoccupation.Evenafterhandoverandtraining(whichisrequiredbutofteninadequate),thedesignengineeristheexpertonhowtooperatethebuilding.
 Occupantsofa“greenbuilding”canbetooforgivingofthermaldiscomfortandmaynotcomplainuntilaproblemhasbecomeextreme.Thisbuildingwasoccupiedinthesummerandexceededallexpectationsforcoolingcomfort.Butenteringthefirstwinter,aproblemwiththeheatingcontrolimplementationinsomespaceswaserro-neouslydismissedasalackofcapacitybyoccupantsandenduredforsometimeuntilitwasproperlyinvestigatedandidentifiedasacontrolissueandcorrected.Bettercommunicationwiththeoccupants,orbet-tertimedseasonalcommissioningchecksofspaceconditiontrends,wouldhavesolvedtheissuefarearlier.
 Verify system monitoring to actual utility bills.AsophisticatedenergymonitoringanddisplaysystemwasinstalledwithapublicBuildingDashboarddisplay.Verificationofthissystemprovedimportant,withcompari-sonoftheinternalmonitoringsystemwiththeutilitymeterscrucialtolocatingameterconfigurationproblem(anincorrectconver-sionfactor)thatwasdifficulttoidentifyjustbyverifyingthegeneraltrendscapturedbythemonitoring.
 L E S S O N S L E A R N E D
 Above  The PV array serves as a component of the building’s awning. The cooling tower used for evaporative cooling is located on the roof. 
 Left  The hydronic tubing system directly cools the slab, storing cooling to be used for the next day in the mass of the building. The tubing was put in place and covered with concrete.
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 information, payback was calculated for the pumps and lighting only.
 The pumps with variable speed drives have an annual operating cost savings of $3,205 and an ini-tial investment of $10,000 yielding a three-year simple payback. The lighting system has an annual oper-ating cost savings of $16,860 and an initial investment of $75,000 yield-ing a four-year simple payback.
 Environmental Impact The building was designed to have very low energy and low carbon output MEP systems, and an on-site PV system. The on-site PV is a grid-intertied system, so when it generates surplus power on peak solar days, that power is sold back to the grid, reducing the net build-ing power bill.
 Well-designed MEP systems, effi-cient use of building space, and a conscientious concrete specification were all key features to realizing lower emissions on a per person basis. Some of the most important environment strategies were:
 • Selection of a previously devel-oped urban site.
 • Sustainably sourced materials (50% of the total material is recycled).
 • Nontoxic, low VOC and non-urea formaldehyde products.
 The David Brower Center’s Building Dashboard and information about the solar power system is avail-able in real time on the Web. Visit www.browercenter.org/building to see how the Center is performing. •
 • Water conservation and water runoff control by use of rainwa-ter catchment and water efficient plumbing fixtures.
 • Low energy use.• The use of public transportation is heavily emphasized by replac-ing the existing public surface parking lot with a smaller below-grade public parking lot. The site is located one block from the Bay Area Rapid Transit system (BART) and 12 different bus lines. The Brower Center does not provide any parking, except for leasing two parking spaces from the city for two hybrid car share vehicles.
 • The building is equipped with a sophisticated monitoring and dis-play system that tracks the environ-mental performance of the building in real time and highlights its fea-tures for the public. The Building Dashboard features an interactive display located in the lobby.
 • The use of fly ash — an industrial by-product — reduced the embodied energy and carbon footprint of the building by 40%. This is the first building in the Bay Area to use high-slag concrete on such a large scale.
 A B O U T T H E A U T H O R S
 PeterRumsey,P.E.,FellowASHRAE,istheWestCoastdirectorfortheIntegralGroupinOakland,Calif.,andisaseniorfellowoftheRockyMountainInstitute.
 JohnWeale,P.E.,MemberASHRAE,isaseniortechnicalassociatewiththeIntegralGroupinNewYork.
 B U I L D I N G T E A M
 BuildingOwner/RepresentativeEquityCommunityBuildersLLC
 Architect Solomon
 GeneralContractor Cahill
 MechanicalEngineer,EnergyModeler IntegralGroup
 ElectricalEngineer IDEAS
 StructuralEngineer TippingMar
 CivilEngineer MoranEngineering
 LandscapeArchitectLoisosandUbbelahdeLandscape
 LEEDConsultant Siegel&Strain
 Above  Lightshelves reflect daylight onto the ceiling and into the space. 
 Left  To achieve nearly 100% daylighting at the David Brower Center, designers  used shading, lightshelves and a narrow building floor plate.
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