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Presenter Notes
Presentation Notes
Introduction – Carlos Duarte staff researcher at CBE

Today, I am going to introduce to you California Energy Commission’s EPIC design challenge for multifamily housing and our new construction proposal to meet the design competition’s stringent goals.

As you can see, this new construction proposal involved a multidisciplinary team to achieve an integrated design that met the design challenge’s stringent goals for a futuristic grid-interactive building.
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CEC EPIC Design Challenge for affordable mixed-use development

Grid-Interactive Climate Resilience Critical Recovery

Affordability Replicability

Presenter Notes
Presentation Notes
Climate change and housing affordability present two of the most significant challenges facing California. 

Thus, the California energy commission set up this EPIC design competition in which the overall objective is to Design and build an affordable mixed-use development that requires active electricity management and resilience to climate change impacts and extreme weather events. One project per competition region will get additional funding (up $9 million) to implement their proposal for new construction. (Spoiler alert, we did not make it to the final construction phase of the challenge but we believe that a lot of the lessons learned can be applicable to other building designs. Also, the building will still be built but not at a timeline that the CEC wanted and some but not all the measures we identified will be implemented.)

There are several category areas in this design competition in which we must meet certain minimum criteria.
For example, residential loads must be capable of responding to electricity pricing signals.
And all residential loads must be met through a combination of onsite PV and energy storage during 4-9pm period when the electricity grid is the most stressed.
During power outages, the onsite PV and energy storage must provide indefinite power to critical loads 


And at least 20% of the total unit must be dedicated to affordable housing.
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Energy and emissions evaluation overview 

Objective
▪ Identify and evaluate design strategies and 

building systems that meet CEC’s goals

Approach
▪ EnergyPlus simulations

▪ Calculate hourly end-use electricity and 
thermal loads

▪ Xendee optimizations
▪ Shifts building loads to optimize for PV and 

energy storage cost and carbon impacts

Funding
▪ CEC EPIC program

1. Baseline power demand 2. Load reduction
Efficiency
Energy recovery

3. Renewables
Rooftop PV

4. Load shifting
Load control
Thermal storage
Battery storage

Presenter Notes
Presentation Notes
CBE’s contribution on this design project is to identify and evaluate cost-effective strategies and equipment to meet CEC’s goals. So that will be the focus of the talk today.

To meet the challenge’s design requirements, we first reduce energy demand through efficiency, then maxed out renewable generation, then looked for opportunities to shift load out of the peak periods and into the renewable generation periods. Our goal was to optimize the right mix strategy to combine these measures into as close to a cost-effective design as we could achieve.

We did the evaluation by using whole building energy simulation to calculate hourly end-use electricity and thermal loads. Then we took these results and put them in a tool called Xendee which enables the identification, design, and operations of complex distributed energy resources and microgrids. Xendee allows us to optimize for PV and energy storage costs and co2 emissions.

The funding for this work is provided by the CEC EPIC program grant. 
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Roosevelt Village: 995 East Santa Clara Street in San Jose, CA

Mixed-use, 6-story
▪ 74 apartments serving previously 

unhoused and very low-income seniors
▪ Supportive services, community rooms, 

food pantry, property management
▪ Courtyard with resident gardens

Rendering of the new construction proposal

Presenter Notes
Presentation Notes
This multifamily mixed-use development will be located in San Jose, CA. It is a 6-story building with 74 apartments that are mostly 1-bedroom apartments. The building will serve previously unhoused and very low-income seniors. The first floor is design for supportive services, community rooms, food pantry, and property management offices.
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Roosevelt Village: 995 East Santa Clara Street in San Jose, CA

LEED Platinum baseline model
▪ All-electric building
▪ Central heat pump water heater
▪ Conventional packaged AC with heat pump

▪ ‘PTAC’
▪ Central air supply, side-wall exhaust
▪ R-21 wall cavity insulation
▪ R-30 roof with tapered rigid insulation
▪ Double-pane vinyl windows

▪ U 0.30 | SHGC 0.23
▪ LED lighting and EnergyStar appliances

Presenter Notes
Presentation Notes
The building project aims to be a LEED platinum building.

Thus, our baseline model is based on the target LEED platinum building and not the prescriptive requirements or built to minimum energy code requirements. It is an all-electric building with central heat pump water heater, conventional packaged terminal air conditioner with heat pump and central ventilation. There is already a great envelope insulation and double pane windows and LED lighting and energy star appliances.   
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Baseline Model: Annual energy use breakdown

Common Areas
22%

Residential 
Apartments

52%

22 
kBtu/ft2

EUI
Hot Water

21%

Laundry
5%

Presenter Notes
Presentation Notes
Simulating this baseline model using a typical weather file results in an EUI of 22 kBtu per square feet per year. A high-level breakdown shows that 52% of the electricity consumption happens in the residential apartment units, 22% in the common areas, 21% for the domestic hot water, and 5% for the common resident laundromat.
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Baseline Model: Annual energy use breakdown

Common Areas
22%

Hot Water
21%

Laundry
5%

Common Meter
48%

10
EUI

Presenter Notes
Presentation Notes
48% of the total electricity use belongs to the common meter which is responsibility of the building owner.
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Baseline Model: Annual energy use breakdown

Residential 
Apartments

52%
Hot Water

21%

Laundry
5%

Resident Behavior
78%

17
EUI

Presenter Notes
Presentation Notes
However, 78% of the building’s electricity use is directly associated to resident behavior. There seems to be big potential for incentivizing resident behavior in a way to help achieve the goals of the CEC requirements, but it’s a challenge and may not be reliable.
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Baseline Model: Annual energy use breakdown

Common Areas
22%

Residential 
Apartments

52%

16
EUI Lighting & plugs

Elevator & 
Booster Pump

Heating

Cooling

Fans

Heating
Cooling

Fans

Residential
lights, plugs, 
appliances

Presenter Notes
Presentation Notes
Thus we need to stick with what we can reliably control such as equipment efficiency and take advantage of loads that can be shifted such HVAC and domestic hot water.

HVAC is relatively small load. 25% of the energy use in residential apartments and about 50% in the common areas. Nevertheless, we need to take advantage of any strategies dealing with HVAC system to meet the stringent requirements of the design competition. 
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Energy efficiency measures

R-21 Wall cavity insulation
Air leakage: 2 ACH @ 50 Pa
ENERGY STAR Appliances

Low flow fixtures
Double-pane vinyl windows

(0.28 U, 0.23 SHGC)

LEED Platinum project

Cost-effectiveBaseline All Measures

350 kWh max fridge & induction 
(5% overall equipment reduction)

Lower flow toilet and shower head
(15% DHW reduction)

Exterior shading 
(18” protrusion)

Ceiling fans (relaxed cooling 
setpoint from 75 °F to 78 °F)

Dynamic ventilation 
(vary ventilation rate to shift load)

2” Continuous insulation

Air leakage 1 ACH @ 50 Pa

Reduced window to wall ratio 
(height from 8 ft to 6 ft)

Thin triple vinyl windows 
(0.16 U, 0.17 SHGC)

Presenter Notes
Presentation Notes
Now that we have the baseline, we can simulate different energy efficiency packages. We came up with 2 packages on top of the baseline. The first which we call, the cost-effective measures that are the most likely measures to get implemented if we would have gotten the additional build phase grant. This includes better appliances and fixtures along with what we at CBE always advocate for, ceiling fans. It also a includes a new concept we are exploring called dynamic ventilation in which we over ventilate during off peak periods and under ventilate during peak periods.

The second package is a package that includes additional nice to have energy efficiency measures called the all measures package. It is basically adds a very high performance envelope to our building proposal.
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Energy efficiency measures’ impact on the baseline model

19.8 ASHRAE Zero Net Energy 
multifamily target EUI, CZ3

Baseline Cost-effective All Measures Rooftop PV Elevated PV
On-site GenerationSite Consumption

~40% offset

~75% offset

22 EUI
20 EUI

18 EUI

Rooftop mounted PV

Elevated PV

Heating
Cooling Fans Common Lighting & plugs

Residential lights, plugs, appliancesDHWPumps

Presenter Notes
Presentation Notes
22 EUI -> 20 = ~10% reduction
22 EUI -> 18 = ~18% reduction

Implementing these measure packages show we can reduce whole building electricity use by about 10% for the  cost-effective package and 18% for the all measures packages.
Implementing the cost-effective package get us really close to the EUI recommended in the ASHRAE advanced energy design guide for multifamily housing.
However, we don’t come close to offsetting on site electricity use with on-site PV generation. Not even with the all measures package and the elevated PV which consist of the PV modules on a canopy to avoid any rooftop mounted equipment to increase the area for the installed PV.
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HVAC alternatives with and without energy recovery ventilator (ERV)
Baseline Alternative 1 Alternative 2

Conventional HVAC unit (Amana)
▪ Central ventilation with rooftop heat 

pump DOAS
▪ Central DHW via dedicated heat pump 

with no peak shifting control

Advanced HVAC unit (Ephoca)
▪ In unit ventilation or central 

ventilation
▪ Ducted or unducted wall-

mounted 
▪ Central DHW via dedicated heat 

pump with storage for peak 
shifting

Four-pipe hydronic system
▪ Central ventilation with 4-pipe 

DOAS air handlers
▪ 4-pipe fan coils
▪ Heat recovery and thermal 

storage
▪ In unit DHW via hot water heat 

exchanger

Presenter Notes
Presentation Notes
Now lets take a look at the various HVAC systems we simulated. For the baseline, we implemented a conventional packaged terminal air conditioning unit with heat pump. There is a central ventilation with a rooftop heat pump DOAS system. The first HVAC alternative, is a higher efficiency packaged unit which has the option to do decentralized ventilation with each unit providing ventilation to its own apartment.
The second HVAC alternative are fan coils with a 4-pipe hydronic system. This is a system that would not be normally considered in a multifamily housing project but we explored it due to its advantages in heat recovery and thermal storage. Plus it would also be directly integrated with the domestic hot water system.
Finally, we modeled each HVAC option with and without energy recovery in the ventilation system.
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Annual HVAC energy consumption 

Cost-effective measuresBaseline measures
Conventional HVAC

No heat recovery
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All measures
Hydronic

Heat recovery
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Central ERV

No ERV

In-unit ERV

56% 15% 38% 19%
No summer bypass for ERV

Presenter Notes
Presentation Notes
The annual HVAC energy consumption for the baseline HVAC system with the baseline measures is a little over 100 megawatt hours. ^^We can cut that by over 50% if we use the hydronic system with the all measures package. However, the hydronic system adds significant costs and complexity that the building owner may not be willing to take. ^^Therefore, the advanced HVAC system with the cost-effective measures is the next best choice. This option reduces HVAC consumption by about 15%. 

^^ And We can increase it to near 40% if we use heat recovery in the ventilation system. ^^ But the heat recovery needs to incorporate a summer bypass that allows the benefits of using the cool outdoor air directly for space cooling. Or else the energy savings is reduced. 
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Proposed energy efficiency package lowers 4-9pm load by 10%

Ceiling fans

Triple-pane 
windows

Induction
cooking

Slimline vertical 
PTHP

Aerobarrier

Low GWP HPWH

Central HRV

Presenter Notes
Presentation Notes
After several iterations of simulation combined with a cost analysis of the measures we ended up this energy efficiency package. As you may have noticed, we excluded exterior shading that was part of the cost-effective package. There is already some exterior built into the design through balconies but additional shading proved to not be cost-effective. Instead, we added a couple measures from the all-measures package. These are the triple pane windows and the aerobarrier treatment which reduces overall infiltration.

We estimate that the combination of these measures will reduce loads by 10% during the 4-9pm critical period and these measures are estimated to increment the cost of the project by $250,000 or 0.5% increase to the overall construction budget ($50,000,000).

Now that we have energy efficiency package, the resulting energy load in using the measures, and the detailed end-use estimates for the building, we can pass it to the Xendee tool to optimize the distributed energy resources for the building.
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Xendee: Cost & carbon optimization

Presenter Notes
Presentation Notes
After reducing the building load as much as we could through energy efficiency measures, we focus our attention to distributed energy resources. We evaluated optimal sizing and dispatch of solar PV, electrochemical batteries, thermal energy storage, and load flexibility using the energy outputs from the EnergyPlus, utility tariffs, cost and operation constrains and performance parameters in a tool called Xendee. 

We found the least cost design combinations of the building energy systems capable of meeting the minimum design requirements. This includes meeting 100% of residential loads from 4-9pm without grid electricity on a daily basis and during power outages, the onsite PV and energy storage must provide indefinite power to critical loads.




16 Center for the Built Environment  |  October 2024

Cost comparison of meeting all daily 4-9pm residential loads 

Rooftop PV Rooftop PV Rooftop PV Rooftop PVElevated PV Elevated PV Elevated PV Elevated PV

Rooftop PV 130 kW

Elevated PV 171 kW

Annualized costs: DERs capital costs and utility purchase (net of exports)
NOT include EEMs or HVAC systems costs

Presenter Notes
Presentation Notes
First we analyzed the energy efficiency packages with the various HVAC systems we proposed to get an optimized distributed energy resource package along with their annualized costs that will meet all residential loads during 4-9pm without grid electricity.

We evaluated two PV designs, one is a rooftop mounted PV while the other is an elevated PV canopy that increases power out by about 40 kW when compare to the rooftop PV.

In addition, we can analyze different constraints such as the option to grid charge the battery or not. In some jurisdictions, there are restrictions to grid charging which includes our site. As you can see from the plots, grid charging has a significant impact on the annualized costs. ^^The annualized costs can be reduced by around 30-40% for rooftop PV if grid charging is allowed which is mainly due to a smaller battery. This is regardless of the HVAC system selected.

Another interested finding is that when the PV generation is maxed out at 171 kW, grid charging basically has little impact on the total cost but can cut down around 50-60% operational carbon.

(20yr analysis nothing that canopy’s lifetime is longer than PV)
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Indefinite coverage for Tier 1 loads

Tier 1: 10% of the building peak load
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Presenter Notes
Presentation Notes
The second minimum CEC design challenge requirement is to meet Tier 1 load indefinitely which is defined as 10% of the building peak load, per the CEC’s guideline.

The graph here shows the required battery and PV investment to meet Tier 1 load excluding elevated canopy cost where the Orange line is for rooftop PV and blue line is for elevated PV.

The analysis shows that costs gradually increases to be able to meet 95 to 98% of annual Tier 1 loads. ^But the costs rapidly increase as we strive to meet the last 2-5% of the annual tier 1 loads.

In addition, ^^PV generation has a large impact on reducing the battery size needed to indefinitely cover Tier 1 loads. For an example, a 600 kW battery with rooftop generation will only meet around 97% of annual Tier 1 loads while the elevated PV design will increase it to 99.9%. In other words, the elevated PV design with a 600kW battery will not be able to meet 1 day of the tier 1 loads versus not meeting 11 days with the rooftop PV. 

95% = ~18 days not met
97% = ~11 days not met
98% = ~7 days not met
99% = ~4 days not met
99.9% = ~1 day not met
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Elevated PV Canopy, proposed energy efficiency package

Battery Size Drivers
1) T1&T2 72-hr outage
2) Indefinite Tier 1 coverage
3) T1&T2 24-hr outage
4) Daily 4-9pm residential loads

Battery Size | Design 
Req

Daily 4-9pm 
Res Loads

Indefinite Tier 
1 Loads 

(10% of peak)

24 hr Outage 
Tier 1&2 
Loads

72 hr Outage 
Tier 1&2 
Loads

Small: ~200 kWh 100% 99% 90% 73%

Medium: ~400 kWh 100% 99.7% 98% 80%

Big: ~ 600 kWh 100% 99.9% 100% 90%

Huge: ~1,300 kWh 100% 100% 100% 100%

Balancing CEC design requirements

Required space 
700 ft2

Presenter Notes
Presentation Notes
Pulling all those results together and trying to balance CEC design requirements; we have listed 4 different battery sizes and how much loads they can power. A very big battery size is required to meet all requirements. With maximum PV generation, we’d still need a 1.3 MWh battery to meet all CEC design requirements completely. Is there an acceptable trade off here?

^The order of the driver of the battery sizes is listed below for reference. The Project team initially thought that Daily 4-9 pm req was the hardest one to meet but the analysis tells us T1&T2 loads is more challenging 

Required space: 2 gridscape 300 kWh battery
Ephoca elevated PV cost effective
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Max out PV and minimize central battery

Battery 

V2B Electric
Maintenance

Vehicle

Elevated
PV Array 171 kW

268 kWhDaily 4-9pm Res Loads: 100%
Indefinite Tier 1 Loads: 99.7%
24 hr Outage Tier 1&2 Loads: 90%
72 hr Outage Tier 1&2 Loads: 73%

Presenter Notes
Presentation Notes
We indeed made some tradeoff for our final design which resulted in a 171 kW elevated PV array with 268 kWh battery aided by a vehicle to building electric maintenance vehicle that has the capability to charge offsite and use it on cloudy days for example when the PV cannot sufficient charge the central battery. ^With this design strategy, we are able to meet 100% of the 4-9pm residential loads and 99.7% of the annual tier 1 loads.

Medium: ~270 kWh 
100% (Daily 4-9pm Res Loads), 
99.7% (Indefinite Tier 1 Loads (10% of peak)),
90% (24 hr Outage Tier 1&2 Loads),
73% (72 hr Outage Tier 1&2 Loads)
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Max out PV and minimize central battery

Battery 

Elevated
PV Array 2.3 kW

3.6 kWh

per apartment!

Presenter Notes
Presentation Notes
When we normalize these distributed energy resource per apartment, we find that the it is a very cost effective design. It is about a third to one half the capacity of a standard single family installation.

Equivalent of ⅓-½ of a standard single family installation
Compared to PowerWall: 13 kWh
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Optimized Technology Package

Thermal Storage (domestic hot water) 32%

Peak Load Management 14%

Energy Efficiency 10%

Solar PV array, Battery storage 44%
& Microgrid Infrastructure

Portion of Annual 4-
9pm Load ServedStrategy

+ $250,000

+ $50,000

+ ~ $0

+ $2,000,000

Approximate 
Incremental cost

$2,300,000
$50,000,000

Approx. Construction Budget

Presenter Notes
Presentation Notes
When it was all said and done we came up with a design that met the California Energy Commission’s EPIC design challenge stringent requirements with a cost increase of about 5% over the estimated construction budget. The majority of these cost went into the micogrid infrastructure.
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Takeaways and next steps

Takeaways
▪ Efficiency measures are key to meet goals
▪ HVAC loads present the greatest potential but are a 

small portion of the overall energy use
▪ Grid charging significantly reduces required DERs 

investment
▪ Meeting the critical and important load indefinitely 

are more challenging than meeting the entire load 
during grid peak hours every day
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Q&A

Carlos Duarte
cduarte@berkeley.edu

Downtown 
San Jose

995 E. Santa Clara

Central HRV

Dynamic 
Ventilation

V2B Electric
Maintenance

Vehicle

Ceiling fans

Triple-pane 
windows

Induction
cooking

Slimline 
vertical PTHP

Low GWP HPWH 
with PCM,
Added storage

Battery Heat 
recovery

Informational
Lighting

Aerobarrier

Elevated
PV Array
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