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ABSTRACT & PROJECT OVERVIEW
This study presents the complete HVAC engineering design of a four-room Protective Environment

(PE) isolation ward — a clinical space conceived for the most fragile patients a hospital ever
admits. Bone-marrow transplant recipients, oncology patients enduring aggressive chemotherapy,
and severe-burn cases all share one condition: their immune defences are suppressed to the point
where the ordinary air of a hospital corridor becomes a genuine threat. For such a patient, a single

airborne Aspergillus spore drifting in from an adjacent space can be the difference between -

recovery and a fatal opportunistic infection. i -

The design philosophy answers that risk with engineering rather than procedure. Clean, precisely E
conditioned air is treated as a clinical instrument — a continuous, invisible line of defence that

iR M

works every hour of every day, long before any drug or physician intervenes. Every parameter in
the ward is therefore derived from one governing document: ANSI/ASHRAE/ASHE Standard 170-
2021, the international benchmark for the ventilation of health-care facilities.

The thermal sizing of the system was established from a ready set of design-load assumptions —
Cairo summer design conditions applied to four identical rooms of 52.5 m® each, conditioned
entirely on outdoor air. Fixing the loads in advance allowed the study to concentrate on what truly
distinguishes a healthcare design from a commercial one: the air-side architecture of infection ‘“““«"f"‘
control. The result is a system that is simultaneously code-compliant, clinically robust, energy- ‘
aware, and — as the later sections show — genuinely buildable on site.

Design at a glance
LA dedicated 100% outdoor-air (DOAS) air-handling unit — no recirculation between spaces.

Each room held at a continuous +2.5 Pa positive pressure relative (o the corridor.

Triple-stage filtration culminating in HEPA H14 (= 99.995% per EN 1822) at the bedside.

16.8 air changes per hour — about 40% above the ASHRAE 170 mandatory minimum of 12 ACH.

Continuous BMS pressure monitoring with an instant audible and visual alarm on any pressure
loss.
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ASHRAE 170-2021 — Mandatory Requirementsfor PE Rooms vpsss | KeyEngineeringCalculations — 3 Equations

5 Supply Airflow Rate (ACH Model) s=(VxACH)/ 60
Minimum 12 ACH N +2.5 PaPositive Pressure HEPA Filtration at Terminal Y
B Irputs: V= 1,857t (3.5mx5.0mx30m) ACH=168

17 total air changes per hour; 22 must be outdoor || Room at higher pressure than all adjacent spaces | HEPAH14(299.97% at 0.3 um) at each room

- QOs=520CFM perroom - VAV minimum stop set at 520 CFM
Mass Balance — Pressure Generation Qs = Qe + Qleak

100% Exhaust to Outdoors O Temperature 21-24°C / RH 30-60% & Continuous Pressure Monitoring o vy
- Netoffset +220CFM 3 creates and sustains +2.5 Pa positive differential

pir. This design achieves 16.8 ACH — 40% above | atall times. Air always flows outward, blocking | supply terminal plus MERV-14 2t AHU — two-
he mandatory minimum. corridor contaminants. stage defence-in-depth.

Warecirculation without HEPA. All room air | Controls pathogen viability, aerosal persistence, Permanent AP sensor visible from corridor. BAS

discharged to atmosphere via dedicated HEPAS] and prevents mould growth while maintaining alarm if pressure<+1.0 Pa for »60 s. Emergency i o c-o® Aozt p=oor /e

filtered exhaust fan. patient thermal comfort. generator backup. = AP=+2.5Pa « validated by Bernoulli orifice model

Equipment Selection | CoolingLoad & Fan Selection — Sample Calculations

AHU Internal Components

OUTDOORAR ED RSP I:D PREHEAT I:D Al 04 desizn condition:  38°CDB/ 23*CWE [ASHRAE 0.4% summer] Design flow: Q=2,710CFM = 1.28m/s
per 8

MERV-

Cooling Load (Carrier HAP — Cairo, Egypt) Supply Fan (Greenheck CAPS)

HWC / Blectric

CHW / DX

U

Mass flow rate: m=153kgfs Total static pressure: 157 = 1,100 Fa (4.4 in.wg)

Senszible load: 0 5= 1.53= 1.005= 38-14)=36.9 kW Fan efficiency: n_fan=78%
SUPPLY DUCT <: SUPPLY FAN FINAL FILTER RE-HEAT
W B ) e, el <: T et load: ﬁ; 1.53 x 2500 x (0.017-0.0095) = 28.7 R E‘; (1.28x 1100)/ (1000 = 0.78)=1.81
System Architecture — DOAS Configuration Total load: 65.6 kW (18.7TR) Motor [90%, SF 1.15): P_motor=1.75 kW
Ll PE Room 1 Heat recovery (60%): -17.6 KW recovered Selected motor: 2.2KW | 3-phase | with VFD
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PE Room 2
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Re-Heat Cail

Steam Humidifier

Final Fiter MERV-14

Supply Fan + VFD PE Room 4




Conclusions — Systerm Performance Summanry

2,710

CFh Tiotal
Supply Flows

DOas — Oy Corm pliant Configuratiom

1S outdoor air, EeE exhaust. MNo recirculation risk. Emvergy of fset by ruam—
arcurnd coil hheat recowery at 52096 effecoweness [— 1706 KW recowered]) .

DDC controller password-protected: S20 CFM supply 5 3000 CFP exhawust
rmmirkirmurm per roorm . Canmnot be owerridden during commission me or

Equipment

AHU-D1 Dedicated Outdoor Air Handling Unit | 2,710 CFM/ 100% 0A / MERV-14 final 1
VAV-5-1tod Supply VAV box (room) + DDC 520 CFMmin / 600 CFM max 4
VAV-E-1to 4 Exhaust VAV box [room) 300 CFM J Tracks supply +220 CFM 4
VAV-S-1Atod | Supply VAV box [antercom) 7JOCFM f Pressure-independent 4
HEPA-5-1 to 4 | HEPAH14 supply filter [per room) >99.97%at 0.3pm [ 520 CFM rated 4
EF-01 Centrifugal exhaust fan + VFD 1,280 CFM f BC-AFimpeller / 1.5kW motor 1
HEPA-E-01 HEPAH14 filter — exhaust fan inlet #99.97% / 1,280CFM rated 1
DPS-1to 4 Diff. pressure sensor (Setra 264) -25to+25Pa [ 0.25%accuracy [ 4-20 mA 4

TOOLS, RECOMMENDATIONS & CONCLUSION

Software as the Designer's Reference Instruments

WA wril h Hardwsired Windimooam Stops

The design rests on a toolkit of industry-standard software, recommended here as a practical
reference for any engineer building on this work. Carrier HAP performs a full 8,760-hour load
simulation against Cairo weather data, producing accurate and defensible cooling and heating
loads. The McQuay Duct Sizer applies the equal-friction method to size a balanced, low-noise duct
network. These are supported by the ASHRAE Psychrometric tool for state-point analysis and by
manufacturer selection tools {such as TROX and Greenheck) for terminals and fans — together
turning engineering judgement into raceable, reviewable numbers.

An Economic Recommendation: Energy Recovery

Conditioning 100% outdoor air all year round is, honestly, the most energy-hungry consequence of
the ASHRAE 170 philosophy — and it is the design's one true cost. The strong recommendation is
to install an energy-recovery device, such as a run-around coil loop, between the exhaust and
supply air streams. Because the two streams never physically mix, it recovers roughly 60-70% of
the sensible energy with zero cross-contamination risk — furning the largest operating cost of the
ward into a manageable one and making the whole system markedly more sustainable.

1 )
Dre fe moce —in—De pt h Filbrat ioom

PMMERW -1 ataHL = HEPA H149 at each rocrnm terrminal . Invdependent stages-if
e degrades the other still proveces. Annual integrity test per IEST-RPACOE

Continuowus Mionitorimng & Emerge mcy Prower

Setra 2649 sensors + BAS alarmm if AP -=+1 0 Fa for =&0s_ 4l life-safetoy HWAC o
ermmerserncy enerator wvia 1'0-second autormatic transfer switch.

ASHRAE 170-2021 Compliance Matrix

Parameter ASHRAE 170 W iminmunm This Design

Pressure Relationship +2.5 Pa to all adjacent +2.5 Pa continuous (Setra 264 sensor o COMPLIANT
Min. Pressure Diff. +001 inow.g. [+25 Pa) +2.5 Pa — hardwired mininwm o COMPLIANT
Min. Total ACH 12 ACH 16.E ACH [520CFM f 525 m=| o EXCEEDS
Min. Outdoor ACH 2 ACH 16.E ACH [1D00% OA DOAS) o EXCEEDS
Supply Filtration HEPA at terminal dewice MERW-14 [AHU} + HEPA HL14a {roomm o COMPLLANT

Exhaust Discharge 100 to ocubdoors 100 A, HEPA exhaust fan, roofiop o COMPLIANT

waolume Control Constamt-wolume (S Wi + hardwired password-protected sto o COMPLIANT

Temperature 21—-324°C Setpoint 22°C +1°C o COMPLIANT
Relative Humidity I0—50% RH Steam humidifier / 30—60% RH o COMPLIANT
Pressure Monitoring Permansnt device + alarm BAS alarm if <+1.0 FPa for =60 seoconds o COMPLIANT
Recirculation Mot permitted w.'o HEPA Mone — 100 08 DOAS system. o COMPLIANT
Anteroom Recommended Provided at each room [0 Pa newtral) & EXCEEDS

Closing statement

Healthcare HVAC is one of the few branches of building engineering where the quality of a design is
measured in patient outcomes. A correctly designed and commissioned Protective Environment
ward is preventive medicine built into the walls and ceiling — the engineer acting, quietly and
continuously, as the doctor before the doctor. The system presented here is compliant with
ASHRAE 170-2021, robust against real-world disturbances, economically responsible, and —
above all — buildable.

Reference Standards

AMSIASHRAEIASHE Standard 170-2021 — Ventilation of Health Care Facilities (primary standard).
ASHRAE Standard 52.2 — MERY filter performance rating (MERV B/ MERV 14).

EM 1822:2019 — HEPA classification (H13 / H14, = 99.995% at MPFS).

ASHRAE 62.1 - EN 1886 - NFPA 90A — outdoor-air rates, AHU casing/leakage class, and HVAC fire-safety.




