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ASSESSING THE ENERGY IMPACT OF PANDEMIC-RELATED VENTILATION
UPGRADES ON WASHINGTON, D.C.-AREA COMMERCIAL BUILDINGS

CAPSTONE PRESENTATION: M.S. IN ENERGY POLICY & CLIMATE JOHNS HOPKINS UNIVERSITY




Research Questions and
Scope

1. What are the notable changes in
ventilation/filtration strategies
Implemented by Washington,
D.C.-area commercial buildings
in response to the COVID-19

pandemic?

2. What is the impact of the
observed changes on the energy
consumption of typical
ventilation systems?

Scope: Commercial Office Buildings In
the Washington, D.C. metropolitan region




Ventilation Backgrouno

* \entilation vs. Conditioning
* Ventilation is the act of bringing outdoor air (OA) into a building

* Conditioning is the act of treating OA prior to building
dispersion

* \/entilation rate: the amount of outdoor air introduced into the
building (cubic feet per minute, CFM)

* Airflow pattern: the efficiency at which external air is delivered
throughout the building and that pollutants are removed

* | eading standard: ANSI/ASHRAE Standard 62.1: Ventilation for
Acceptable Indoor Air Quality




Mechanical
Filtration

* Minimum Efficiency
Reporting Value
(MER

&

MERYV Rating

Typical Contaminants

Particle Size

MERV 1-4

* Pollen
* Dust mites
- Textile/carpet fibers

>10.0 microns

MERV 5-8

Everything above, plus:
* Mold/spores

e Dust lint

« Cement dust

3.0-10.0 microns

MERYV 9-12

Everything above, plus:
» Legionella
* Lead dust

1.0-3.0 microns

Pressure drop

e} Pressure drop will
o increase over time as
o filter loads up with
e} particulates

drop (in wc)
®

clean

pressure

time (filter loading)

MERV 13-16

Everything above, plus:
Bacteria

Tobacco smoke
Auto fumes

Sheeze nuclei
Copier toner

0.30-1.0 microns

Figure 2. Pressure drop by filter use over time
(Trane Technologies, Inc., 2017)

MERYV 17-20
(HEPA filters)

Everything above, plus:
* Vlirus carriers

 Odor

- Combustion smoke

« Microscopic allergens

0.30 microns




METHODS AND RESULTS







Methods

PHASE I: PROPERTY SURVEYS

* 20 high-performance
buildings (ENERGY
STAR® score of >75)

* Period of comparison:
March 2020 vs October
2021

. Hours of building occupation

. Mechanical setup and outdoor

air ventilation

. Changes in ventilation practices

(e.g., set-points, airflow rates)

. Changes in filtration media

. Changes in indoor air quality

monitoring practices

. Special technologies used (if any)

. Authoritative standard or

certification followed (if different
than ASHRAE 62.1)

. Special tenant requests/

conditions

. Overall building vacancy rate




R e S u ‘tS - Observed MERYV Filtration, March 2020

PHASE |: PROPERTY SURVEYS YR
* Filtration efficiency

upgrades

| Observed MERV Filtration, December 2021

* Establishment of

frequent, regular

WhOle"bUiIding flush- MERY 15

outs o MERY 1







Methods

PHASE Il: ENERGY ANALYSIS

* 30-min. 100% OA flush-out: Energy model simulations for 12
representative mechanical configurations (using standard
technical operating conditions)

* Filtration Upgrades: Calculations to determine energy impact

BHP = (CFM * TSP) = (6344 * faneff) InputPower = BHP + (motoreff)

Variable MERY 7 Filter | MERYV 13 Filter
Airflow (CFM) 10,000 CFM 10,000 CFM
Total Static Pressure (7'SP) 3.6 3.6
External Static Pressure 1.5 1.5
Internal Static Pressure 15 15
Filter Pressure Drop (400 fpm) 0.6 0.8
Fan Mechanical Efficiency (fan eff) 0.7 0.7
Fan Motor Efficiency (motor eff) 0.9 1.9




—nergy Model Run Configurations

10

11

12

OA Distribution

CHW - High Performance Hot Water DOAS

CHW - High Performance Electric Resistance DOAS

CHW - Low Performance Hot Water DOAS

CHW - Low Performance Electric Resistance DOAS
Water Cooled DX (direct expansion) - High Performance Hot Water Mixed Air
Water Cooled DX - High Performance Electric Resistance Mixed Air
Water Cooled DX - Low Performance Hot Water Mixed Air
Water Cooled DX - Low Performance Electric Resistance Mixed Air
CHW - High Performance Hot Water Mixed Air
CHW - High Performance Electric Resistance Mixed Air
CHW - Low Performance Hot Water Mixed Air

CHW - Low Performance

Electric Resistance

Mixed Air




Results

PHASE II: ENERGY ANALYSIS (FLUSH-0OUTS)

* For all simulations,
net increase in energy
consumption

* Average increase was
1,130 kWh/1000
CFM.

* The energy models'
annualized and

normalized (per 1,000
CEFM)

Electric Usage

Config. kWh/1000 CFM kWh/1000 CFM kWh/1000

© 0 ~N O O A W N =

Lk SRR oy
nNn =+ O

(+ 10%)
582
1167
625
1209
317
969
352
1004
263
915
291
944

Gas Usage Total
(= 10%) CFM
‘2D 13145
N/A 1167
1325 183525
N/A 1209
937.6 1254.6
N/A 969
937.6 1289.6
N/A 1004
791.1 1054.1
N/A 915
791.1 1082.1
N/A 944




Results

PHASE Il: ENERGY ANALYSIS (FILTRATION)

* Upgrading from MERV 7 to MERV 13 resulted in an
estimated net increase of 73 kWh consumed




DISCUSSION

* Key Assumptions

* Building managers are actively investigating and incorporating
new strategies to prepare properties for re-entry

* Enhanced ventilation and filtration tactics will be employed to
protect occupants

* Buildings within the scope of the study will utilize mechanical
ventilation systems, powered by electricity and natural gas

* Hypothesis: Buildings would demonstrate enhanced ventilation
and filtration strategies as a response to the COVID-19 pandemic,
resulting in an increase in energy consumption.




Discussion (cont.)

* Competitive advantage from
indoor air quality

CO2-eg

Config. | 1pbs. CO2)/1000 CEM

* Prioritizing occupant wellness

* Selected strategies: filtration
and flush-outs

* Hesitancy towards
substantial investments due
to the pandemic’s
uncertainty

]
2
3
4
)
6
/
8
9

* CO2-eq of building flush-out
configurations e e




CONCLUSION
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