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Electrical System Comparison

The purpose of this report is to provide a comparison of the electrical distribution systems across the two
potential design schemes that are being proposed. This report highlights specific differences between
each design choice, and how the design components change. Design option 1 includes gas for heating
and hot water systems in the building, and a gas-powered emergency generator for legally required and
optional standby loads. Option 1 would require a smaller electrical service size overall. Design option 2
includes electrifying all HYAC and plumbing equipment and providing a grid-scale battery backup that
would provide 48 hours of standby time for the building. Option 2 would require a larger electrical service
but would have the added benefit of cost savings from utilizing microgrid technology and allowing the
building to operate independent of the electrical utility.

Energy Breakdown

Estimated Electrical Loads

The estimated electrical load for both buildings is as follows:

Building A lighting, receptacles, and miscellaneous: 109,981W
Building B lighting, receptacles, and miscellaneous: 28,691W
Peak HVAC (design option 1): 23,500W
Peak HVAC (design option 2): 44,000W

Electrical Components - Option 1 and 2

Voltage Utilization

The service voltage utilization for both buildings shall be as follows:
e 208/120V - Incoming Service
e 120V - General Lighting.
e 208/120V - General power and equipment.
e 120V — General power and convenience receptacles.
e Special equipment shall receive voltage and ampere rating as required.

Normal System

The buildings will be served from exterior pad mounted Transformers or underground vaults, designed to
PEPCO standards, located adjacent to the buildings. The service coming from the PEPCO utility
transformers will provide service conductors installed inside underground concrete ductbanks at the
service entrance switchboard(s):



e Building Service Switchboard, 208/120V, 3&, 4-wire , service switchboard located in the main
electrical room that will serve all building, lighting, receptacles, low voltage, and security. A
provision, rated DISCONNECT, will be provided in the switchboard, ahead of the main for PV
connection. Service size will be based off what design option is chosen, with option 2 requiring
the larger service.

All service duct banks and conduits from the utility transformers to the switchboards shall be owned and
installed by building owner. The services’ conductors will be installed and maintained following PEPCO
utility requirements. Branch panelboards will be provided throughout the buildings to feed various load

types.

PV System

A PV array would be installed on the green roof of each building. Option 2 would require a larger PV
array, so some architectural coordination would be required to add a canopy to extend the footprint of
the roof. For option 1, a maximum of 45 PV panels can be installed. For option 2, a maximum of 89 PV
panels can be installed. See the PV Analysis Report for additional detail on the requirements for this
system.

Proposed Distribution — Option 2 Additional Requirements

Building Electrification and de-carbonization

As part of the Building Electrification and de-carbonization Interface would promote and recommend the
'‘Operational Electrification’ or ‘Operational De-Carbonization’, meaning that all normal operational energy
shall be electric energy without consumption of fossil fuels. Based on this definition, heating hot water
and domestic hot water shall be provided by either air-to-water heat pumps or water-to-water heat
pumps. Further, we would recommend that all kitchen equipment be electric. However, emergency and
standby generators could potentially be natural gas, or diesel as these devices do not run as part of the
‘normal’ operation of the building. The NFPA 110 is requiring testing the generator minimum 30 min per
month at least 30% of the name plating kW, so the impact to the building de-carbonization will be
minimum.

Two battery options are being proposed to achieve a 48-hour emergency standby time. Figures 1 and 2
below show examples of the different battery options and how they would be installed on site. Option 1 is
a 2000kWH lithium-ion battery. The lithium-ion battery could be installed either indoors or outdoors.
Typical construction of large-scale back-up batteries of this nature is a complete system installed in a
cargo container. Battery option 2 would be a Vanadium flow battery. Flow batteries are modular systems
that can be combined to achieve the desired capacity. Flow batteries can also be installed either indoors
or outdoors. To meet the required KWH for this building, (6) of these flow batteries would need to be
provided.

The major considerations for choosing the correct backup battery solution is price and appearance.
Lithium-ion battery technology has been around for some time, and has a relatively cheap initial cost.
Flow battery technology is still new in terms of large-scale backup power and has a higher initial cost.



However, it is estimated that flow batteries have a longer life span and less maintenance requirements.
The appearance of these batteries can also pose a potential issue, as they have a relatively large footprint.
Both battery types can be installed indoors, but architectural design considerations would need to be
made to accommodate.

Figure 1: Lithium-ion battery installation

Figure 2: Flow battery installation

If the client is going to purchase and install an iron flow or a Li-ion battery energy storage system the PV
System will be Provided with a Microgrid Controller from eLUM or equivalent for increased resilience. To
make the site even more resilient the client could have the Emergency/Standby rated generator sized for
continuous operation and can be integrated into the microgrid controller and can island the building
during a power outage event and keep operating without interruption of power to the building or during
peak shaving demand operation.

The microgrid controller curtails the exact amount of solar power and generator power to maximize solar
penetration and/or avoiding any penalty from the utility if NET metering will not be considered.
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Executive Summary

This report discusses the engineering energy analysis performed to investigate different energy
comservation measures [ECMs) that could be pursued by the owner to determine the most cost-effective
solution for a highly sustainable building. As part of this analysis multiple improvements to the building's
envelope, HVAC system, lighting system and plumbing system were modeled. Additionally, combinations
of different system improvements were modeled, Below (Table 1) illustrates the improvement measures
modeled.

Heating and Ventilation System ECM

System Descriptions and Improvements

Packaged Terminal Alr Conditioners [PTAC)

Dedicated QOutside Air System (DOAS)
Mo Energy Recovery [ER)
ASHARAE 90.1-2013 Baseline ASHRAE 90.1-2013 Minimum equipment efficiencies

Mini 5plit Heat Pump System
Dedicated Outside Air System (DOAS)
Mo Energy Recovery (ER)
HVAC (H) ECM 1 Increased equipment efficiency over 90.1 Baseline

Variable Refrigerant Flow [VRF) Heat Recovery System
Dedicated Dutside Air System [DOAS)
Mo Energy Recovery (ER)

HWVAC (H) ECM 2 Increased equipment efficiency over ECM 1

Variable Refrigerant Flow (VRF) Heat Recovery System
Dedicated Outside Air System [DOAS)
HVAC (H) ECM 3 Energy Recovery (ER) at DDAS
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Envelope ECM

System Descriptions and Improvements

ASHRAE 90.1-2013 Baseline . 31 (Min per ASHRAE 90.1)

Wall: R-16 (Min per ASHRAE 90.1)
Window: SHGC: .40, U-Value: .42 (Max per ASHRAE 90.1)

Roof: R-60
Envelope (Env) ECM 1 Wall: R-32
Window: SHGC: .20, U-Value: .23
Window Improved window performance by 20% over proposed
window

Roof: R-60

Wall: R-32

Window: SHGC: .25, U-Value: .28

Increased wall R-Value to R-42 compared to proposed wall

Envelope (Env) ECM 2

Roof: R-60
Envelope (Env) ECM 3 Wall: R-32
Window: SHGC: .20, U-Value: .23
Increased wall R-Value to R-42 compared to proposed wall
Improved window performance by 20% over proposed window

Electrical ECM

System Descriptions and Improvements
Lighting
Apartment: .51 W/SF (Max per ASHRAE 90.1-2013)
Office: .82 W/SF (Max per ASHRAE 90.1-2013)
Patient Rooms: .57 W/SF (Max per ASHRAE 90.1-2013)
Receptacle Loads
Apartments: .3 W/SF
Office: .5 W/SF
Load Schedules
Lighting is on a apartment lighting schedule, where loads are reduced
during the day and normal during morning and evening hours.

ASHRAE 90.1-2013 Baseline
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Lighting

Apartment: .41 W/SF (Max per ASHRAE 90.1-2013)
Office: 66 W/SF (Max per ASHRAE 90.1-2013)

Patient Rooms: .46 W/SF (Max per ASHRAE 90.1-2013)
Receptacle Loads

Apartments: .3 W/SF
Electrical (Elec) ECM 1 Office: .5 W/SF

Load Schedules

Lighting is on a apartment lighting schedule, where loads are reduced
during the day and normal during marning and evening hours,
Lighting power density (LPD) reduced by 20%.

Plumbing ECM

System Descriptions and Improvements
Gas Water Heater - ASHRAE 90.1-2013
B3% Efficiency

ASHRAE 90,1-2013 Baseline

Heat Pump Water Heater

Approx. 25% increase in efficiency compared to standard Electric
Plumbing (P] ECM 1 Water

Heat Pump Water Heater

Approx. 25% increase in efficiency compared to standard Electric
Water

Drain Heat Recovery

Approx. 25% increase in efficiency compared to standard Electric
Plumbing (F] ECM 2 Water

Approach

This report discusses the engineering simulation analyses performed in support of the buildings
A and B. These buildings are located at 1203 Otis 5treet NE, Washington DC.
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Building A
Building A is small apartment building with roughly 22 dwelling units. The ground floor includes
office space and a community room. The building has a seven-car parking garage.

Building B

Building B is a small dormitory building with roughly 16 dorm rooms, each with a private
bathroom. Each floor includes a commeon room and ground floor includes a combined kitchen,
dining and living space.

A series of engineering energy simulations have been performed to assess the strategies and
measures being considered for the project, to understand their impact and capability of achieving
a low energy design while being cost effective. To facilitate this level of analysis, the Trane Trace
700 software was used to create the building geometry and perform the energy analysis.

This model was created to match the architectural geometry and envelope properties being
considered during the conceptual phase and incorporates the lighting power, miscellaneous plug

loads, occupancy densities, and HVAC systems that are being considered for energy improvement
over ASHRAE 90.1-2013 baseline.

Simulation Requirements

Simulation Program

A whole building energy model was created using Trane Trace 700. This model has been used to perform
a series of engineering energy measures being considered for the project to understand their
impact and capability of achieving a low energy design while being cost effective.

Climatic Data

Simulation Weather

The energy simulation utilized a Typical Meteorological Year (TMY3) weather data file acquired from the
nearest weather station, Ronald Reagan Mational Airport, WMO Station #724050. This weather file has
been created by the National Renewable Energy Laboratory and contains howrly values for solar radiation,
air temperature, and other climate refated variables to appropriately characterize the typical climate for
a location to be used in energy simulations, The TMY3 weather data represents the average monthly
values from a period of 30 years, using hourly inputs from 1976-2005.

Climatic Zone — Design Criteria

The project’s Design Criteria is taken from ASHRAE 90.1-2010 Table D-1 for Climate Zone 44 [Washington
DC Metro Area):

* Winter Cutdoor Conditions [99.6% coverage): 15°F DB
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e Summer Qutdoor Conditions [99% coverage): 92°F DB/Te'F WB

Energy Rates

This analysis assumes state average utility rates for District of Columbia provided by the Bureau of Labor
Statistics The rates used are 12.2 cents f/ kWh for electricity consumption, and 5 19.5 per MCF for natural

gas consumpticn.
Other Components

Infiltration

Infiltration is modeled as a leakage rate per exterior wall area at a value of 0.3 cfm/ft” of exterior wall area
@ 0.3% w.c [1.56 psf). The leakage rate is approximately the average air leakage rate for newly constructed
commercial and institutional buildings. Typical air leakage values @ 0.3" w.c (1.56 psf) are 0.1, 0.3, and
0.6 cfm/fft2 of extericr wall area for tight, average, and leaky walls respectively per ASHRAE 2017
Fundamentals, Chapter 16, Ventilation and Infiltration.

Energy Model Criteria

Space Use Classification

Per ASHRAE 62.1-2010, Table 6-1 Minimum Ventilation Rates in Breathing Zone, the ocoupant density for
each space was calculated and inputted into the model,

Schedules

A building's annual operational energy use is a function of the power reguirements of the installed lighting
and miscellaneous equipment systems, as well as the frequency of usage. This frequency and diversity of
usage is accounted for in the simulation wsing operational and diversity schedules.

The schedules have been taken from Trane Trace 7005 Lighting and miscellanecus load schedules for
apartment building.
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Results

The proposed design represents more efficient HVAC System, domestic hot water equipment, improved
envelope values and lighting fixtures to minimize building energy use and cost implications. Below are the

analysis results of this energy modeling.
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Energy Reduction from HVAC ECMs

HVAC Energy Consumption Annual Energy

Improvements (1076 Btu/h) Cost (S)

ASHRAE 90.1-2013 1,087
Baseline

HECM 1 530.3 18,956 51.2

H ECM 2 428.8 15,328 60.6

HECM 3 426.3 15,237 60.8

Improvement Over ASHRAE
Baseline (%)
30,024 -

Energy Reduction from Envelope ECMs

Envelope Energy Consumption Annual Energy

Improvements (1076 Btu/h) Cost (S)

ASHRAE 90.1-2013 1,087
Baseline

ECM 1 490.5 17,532 54.9

ECM 2 502.5 17,948 53.8

ECM 3 487.5 17,424 55.2

Improvement Over ASHRAE
Baseline (%)
30,024 -

Energy Reduction from a Combination of HVAC and Envelope ECMs

HVAC &Envelope Energy Consumption Annual Energy  Improvement Over ASHRAE
Improvements (1076 Btu/h) Cost (S) Baseline (%)

ASHRAE 90.1-2013 1,087 30,024 =

HVACECM 1 & ENV 517.5 18,499 52.4
HVAC ECM 2 & ENV 414.8 14,828 61.9
HVAC ECM 3 & ENV 419.2 14,983 61.4

HVAC &Envelope Energy Consumption Annual Energy  Improvement Over ASHRAE
Improvements (1076 Btu/h) Cost ($) Baseline (%)

ASHRAE 90.1-2013 1,087 30,024 =

HVACECM 1 & ENV 523.8 18,724 51.8
HVAC ECM 2 & ENV 427.6 15,285 60.7
HVAC ECM 3 & ENV 423.7 15,144 61.0
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HVAC &Envelope Energy Consumption Annual Energy  Improvement Over ASHRAE
Improvements (1076 Btu/h) Cost (S) Baseline (%)
ASHRAE 90.1-2013
Baseline

HVACECM 1 & ENV
HVAC ECM 2 & ENV
HVAC ECM 3 & ENV

Energy Reduction from a Combination of HVAC and Electrical ECMs

HVAC & Elec Energy Consumption Annual Energy  Improvement Over ASHRAE
Improvements (1076 Btu/h) Cost (S) Baseline (%)
ASHRAE 90.1-2013 1,087 30,024 -
Baseline

HVACECM 1 & ELEC 512.6 18,325 52.9
HVAC ECM 2 & ELEC 412.9 14,758 62.0
HVAC ECM 3 & ELEC 410.6 14,676 62.2

Energy Reduction from a Combination of Envelope and Electrical ECMs

Envelope & Elec Energy Consumption Annual Energy  Improvement Over ASHRAE
Improvements (1076 Btu/h) Cost (S) Baseline (%)
ASHRAE 90.1-2013 1,087 30,024 -
Baseline

ENV ECM 1 & ELEC 489.8 17,509 55.0
ENV ECM 2 & ELEC 484.8 17,330 55.4
ENV ECM 3 & ELEC 476.2 17,022 56.2
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Energy Reduction from a Combination of HVAC, Envelope Electrical ECMs

HVAC,Elec & Envelope Energy Consumption Annaul Improvement Over ASHRAE
Improvements (1076 Btu/h) Energy Cost Baseline (%)

($)

Baseline
1, ENV ECM 3
400.9 14,330 63.1
1, ENV ECM 3

HVAC ECM 3, ELEC ECM 396.7 14,181 63.5
1, ENV ECM 3

Analysis

As illustrated in the tables above, implementing improvements to the buildings HVAC sytems and
building envelope has the greatest impact on building energy consumption. Combining energy savings
measures for multiple systems would also help to reduce the buildings energy use.
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3.2 Green Roofs
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Figure 3.2 Optional overflow channels for rock wool drainage layer.

Solar Panels and Other Structures. Occasionally, structures such as solar panels or HVAC
systems must be installed above a green roof. These structures can be incorporated into a green
roof design with no adverse effects to the retention value assigned to the green roof if specific
design requirements for runoff disbursement, maintenance access, and sun and wind exposure

are incorporated, including the following:

Structures above the green roof must be no more than 6.5 feet wide;
Structures must have a minimum 3-foot separation between them; and

The lower edge of the structure must be at least 1 foot above the top of the green roof, and

the upper edge must be at least 2.5 feet above the top of the green roof. This allows for a tilt
of at least a 15-degrees. For flatter installations, the lower edge would need to be raised to
ensure that the 2.5-foot minimum elevation for the upper edge is met.

These design requirements only apply to s

olar panels or HVAC systems, not the conduits

running to them. The conduits must be properly protected when placed on the green roof.

These design requirements are illustrated in Figure 3.3.
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Chapter 3 Stormwater Best Management Practices (BMPs)

SN

Figure 3.3 Design requirements for structures constructed above green roofs.

Green Roof Sizing. Green roof areas can be designed to capture the entire Stormwater Retention
Volume (SWRv). In some cases, they could be designed to capture larger design storm volumes
as well. The required size of a green roof will depend on several factors, including maximum
water retention of the growing media and the underlying drainage and storage layer materials, if
present (e.g., prefabricated water cups or plastic modules). As maximum water retention can
vary significantly between green roof products, verification of this value must be included with
the Stormwater Management Plan (SWMP). Verification shall be provided by an ASTM-
certified lab using the methods described by ASTM tests E2396, E2397, E2398, or E2399, as
appropriate. For green roof media, ASTM test E2399 specifies that a 4-inch thick layer be tested.
For the drainage layer, the test performed must be representative of the actual thickness and
depth of the drainage layer to be used (i.e., a test performed on a 2-inch thick drainage layer
cannot be used to represent the maximum water retention value for a 4-inch thick drainage
layer). In the absence of laboratory test results, the baseline default values must be used as
provided in Equation 3.1 below, which shall be used to determine the storage volume retained by
a green roof.

Irrigation and Storage Volume. Regularly irrigated green roofs receive 50% retention value for
the amount of Sv provided by the practice. Only intensive systems may be irrigated.
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Appendix Z — Net Zero Energy Compliance Path Gap Analysis

This section is to investigate the feasibility of pursuing a Zero Net Energy (ZNE) certification for the new
two building assited living residential facility to be constructed at 1203 Otis Street NE, Washington DC,
20017. The energy modeling and simulation reflects an early state proposed design. This model had been
used for analyzing various mechanical systems during the Concept Phase and is representative of the
building size and construction. The interior occupancy, lighting, power, and HVAC loads are accurately
modeled per the proposed design.

With the current proposed energy model, we have a good estimate of the projected energy consumption
of the building once it is operational (although future tenant loads can swing the building’s energy
consumption in either direction). From this annual energy consumption, we can determine the gap
between the proposed design and Appendix Z compliance requirements.

Appendix Z is intended to be an optional alternative compliance path for building projects to comply with
the Energy Conservation Code-Commercial Provisions. The design of a net-zero energy building shall be
achieved through the use of three complementary approaches, to be employed to the maximum extent
feasible, in the following order:

e Reducing building energy demand for heating, cooling, lighting, and ventilation through the use
of passive desigh and improved envelope performance techniques.

e Reducing total building energy demand through the installation of high-efficiency mechanical
systems, hot water systems, power systems, lighting, and process equipment.

e Supplying remaining building energy needs from renewable sources of energy.

Appendix Z draws on existing requirements outlined in the Energy Conservation Code—Commercial
Provisions. Additional minimum performance requirements for building thermal energy performance and
airtightness testing have been set to ensure new construction achieves a high degree of energy
conservation.

Minimum Performance Requirements

Minimum performance requirements for building energy use intensity have been set to ensure maximum
energy efficiency before adding renewable energy generation. The building and its site shall be designed
and constructed to meet the mandatory prescriptive requirements in Sections Z.2, Z.3, Z.4, and Z.5. For
the purposes of this study Section Z.4 and Z.5 shall not be reviewed as they are only required if the project
chooses Appendix Z and the path for Energy Code Comliance.

This Appendix has many pre-requisite requirements, but of particular importance is the requirement to
use predictive energy modeling to show a reduction in the Zero Energy Performance Index (zEPI). This is
discussed in subsequent sections.

ZEPI =57 x (EUlp/EUls0.1-2010) (Equation 1)

Where:
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v" EUlp = The annual energy use of the building in source kBtu/ft?, for the proposed design of the
building and its site, calculated per Section Z2.1.2, not taking into account any on-site or off-site
renewable energy.

v" EUI = The annual energy use of the building in source kBtu/ ft? for a baseline building and its site,
calculated per Section Z2.1.2, not taking into account any on-site or off-site renewable energy.

“Source: DC 2017 Green Construction Code, Section SECTION 602, MODELED PERFORMANCE PATHWAY
REQUIREMENT”

Predicted Energy Performance Summary (Z2)

Z2.1 Building Energy Use Intensity

Building Energy Simulation performed for Otis Street building since the early phase. The energy model
compares the proposed design model versus the baseline model (based on requirements of ASHRAE 90.1-
2010 Appendix G). To correctly address Appendix Z requirements we need to compare the proposed
design results with the baseline model of ASHRAE 90.1 — 2016. Since the energy simulation was performed
based on the 2013 version of ASHRAE 90.1, we used the DOE estimate for source energy savings for a
90.1-2016 baseline building compared to 90.1-2013. Figure Z2.1.1 shows the simulated energy use
intensity of the building.

Z2.1.1 Zero Energy Performance Index, zEPI

This Appendix has many pre-requisite requirements, but of particular importance is the requirement to
use predictive energy modeling to show a reduction in the Zero Energy Performance Index (zEPI). This is
discussed in subsequent sections.

ZEPI = 50.4 x (EUlp/EUlgg.1-2016) (Equation 1)

Where:

v" EUlp = The annual energy use of the building in source kBtu/ft?, for the proposed design of the
building and its site, calculated per Section Z2.1.2, not taking into account any on-site or off-site
renewable energy.

v/ EUl = The annual energy use of the building in source kBtu/ ft? for a baseline building and its site,
calculated per Section Z2.1.2, not taking into account any on-site or off-site renewable energy.

“Source: DC 2013 Green Construction Code, Section SECTION 602, MODELED PERFORMANCE PATHWAY
REQUIREMENT”

Building designs must demonstrate a zEPI of 30 or lower as determined in accordance with Equation 1.

Total Energy Energy Use Intensity Energy Cost
Consumption [kBtu] o[ [kBtu/SF-Yr.] Saving Saving ZEPI
Baseline - ASHRAE
90.1-2013 1,087,000 30,024 38.8 NA NA NA
Baseline - ASHRAE
90.1-20161 1,001,000 27,652 35.8 NA NA NA
Proposed — Design? 397,700 14,181 14.2 60.3 48.8 20

Table .2.1.1.1- zEPI calculation
1- 90.1-2016 baseline benchmarked based on simulated 90.1-2013 and DOE study comparing 90.1-2013 and 90.1 -2016 baseline performance.
2- Proposed energy saving would be the comparison of proposed vs ASHRAE 90.1-2016.
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Based on results from the table above and the requirement of compliance in this section, we need to be
lower than 30 to compile with the zEPI requirements. With all ECMs considered, the proposed building
would meet he zEPI score requirements.

Z2.1.2 Annual Energy Use Indices

Appendix Z states to compile with this section:
“The EUlp of the building and building site, and the EUI, shall be calculated in accordance with
Appendix G to ASHRAE 90.1-2016, as modified by Sections Z2.1.2.1 and Z2.1.2.2, and approved
modeling guidelines published by the Department in administrative bulletins. The annual energy
use shall include all energy used for the building systems and its anticipated occupancies.”

Energy modeling is implemented based on all Appendix G requirements, so the energy model is compiled
with this section.

Z2.2 Building Thermal Energy Performance

Building thermal energy performance shall comply with Sections Z2.2.1 through Z2.2.2.

Z2.2.1 Annual Heating Demand

Building design shall demonstrate a maximum annual heating demand of 4.2 kBtu/ ft2 iceasyr (4.8 x 104
kJ/m2 iceayyr).

22.2.2 Annual Cooling Demand

Building design shall demonstrate a maximum annual cooling demand of 6.4 kBtu/ ft2 icrap (7.3 x 104
kJ/m2 iceayr).

Results

Table 7.2.2 shows that the HVAC design is compiled with requirements of section 7.2.2.1 and 2.2.2.2

Heating Demand [Kbtu/SF] | Cooling Demand [kBtu/SF]
Appendix Z Requirements 4.2 6.4

Current Design 2.5 3.9
Table Z.2.2- Annual Heating and Cooling demand

Z2.3 Multiple Buildings on a Site

“Where there is more than one building on a site, each building shall comply with Sections Z2.2.1 and
Z2.2.2 or the combined demands of all the buildings on the site shall comply with Sections Z2.2.1 and
72.2.2"

Although there are two proposed buildings on the site, the combined demands were included for
calculation purposes.

Achieving Net Zero (Z23)
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With the envelope and mechanical, electrical, and plumbing systems optimized the buildings EUIl has
been brought down to as low as reasonably possible. In order to achieve a Net Zero status, renewable
energy must be generated equal to 397,700 kBTU (116,094 kWH) for the EUlp (14.2) of the building.

in accordance to the requirements of section Z3.

Z3 Renewable Energy

The building and building site shall be provided with renewable energy equal to the EUlp on an annual
basis and calculated in accordance with Section Z2.1.1. Sources of renewable energy shall comply with
Sections Z3.1 through Z3.3. Section Z3.1 says that on-site combustion of fossil fuels cannot be used for
the provision of thermal energy while Z3.2 states that the only acceptable sources of on-site renewable
are the following:

Photovoltaic panels.
Solar thermal systems.
Wind turbines; and
Biogas.

For the purposes of this study photovoltaic panels were analyzed to achieve net zero.

Z3.3 On-Site Renewable Energy
Appendix Z states the following:

“Renewable energy shall be generated on-site wherever feasible. Before procuring offsite renewable
energy, a building project must demonstrate one of the following:
e A minimum of 5% of the total building energy consumption shall first be met by an acceptable
source of renewable energy installed on the building roof or site.

Exception: Where there is not adequate solar access as determined by Chapter 13 of the Energy
Conservation Code—Commercial Provisions.”

Both proposed buildings currently have space allocated for a PV canopy. Per requirements, 5% of total
energy consumption must be covered by PV arrays. Based on the results of the simulated energy
consumption of 397,700 kBTU (116,094 kWH) we will need to generate 19,885 kBtu (5,804 kWh) of energy
via PV on site at a minimum. A Solar PV study conducted using the Helios software indicated a max power
generation of 57,910 kWh from PV.

Helios Scope was used to calculate the maximum possible PV array size across both buildings. The
following parameters were used:

21.7% efficient panels

33 degree tilt (for fixed tracking)
16.6% system losses

1.25 DC to AC Size Ratio

86% efficient inverter

The building can meet this section’s requirements with 5 kW solar PV arrays which provide 5,804 kWh per
year and will cover 5% of the total annual energy consumption of the building. Proposed solar array would
generate 57,910 kWh of power.
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In the two images below, the proposed roof plans for Buildings A and B are proposed.
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Figure 1: Building A Roof Plan Figure 2: Building B Roof Plan

The following images illustrate the proposed PV layout options modeled using Helioscope.
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Figure 3:: PV Layout on 38% of Roof Area Figure 4:: PV Canopy over entire roof area.

Z3.4 Procurement of Off-Site Renewable Energy

An alternative to on-site is off-site as described below:

“The procurement of off-site renewable energy is acceptable only where the energy is procured
from a qualified electricity supplier providing energy from Tier 1 renewable sources meeting the
minimum percentages of the District of Columbia Renewable Portfolio Standard. Acceptable
methods for the procurement of off-site renewable energy include any of the following or as
approved by the code official:

Owner shall provide the code official with documentation of a signed, legally-binding contract to
procure offsite renewable energy through a power purchase agreement for a minimum period of
5 years for electricity generation from, solar or wind-generation facilities that are located within
the District of Columbia, Maryland, or Virginia. The owner remains subject to, and must comply
with, the District of Columbia's Renewable Portfolio Standard

Connection to a renewable energy microgrid; or Connection to a low-carbon neighborhood
thermal energy system.”

The currently proposed 37 kW PV canopy would generate 57,910 kWh of energy, enough to offset
approximately 50% of the total annual energy use (116,094 kWH). Off site renewable energy would be
needed to obtain the remaining 58,184 kWh of calculated consumed energy in order to truly be a Net-
Zero Building.
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