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1 Introduction

1.1  Project Background and Objective

Surbana Jurong Consultants Pte. Ltd.'s Sustainability and Resilience Office (SRO) was
engaged to perform a feasibility study in single laboratory identified by NUS. This was to serve
the following objectives:

Identify the current mechanical design practice for lab exhaust design

To reduce the lab exhaust air change rate without compromising lab safety
Determine energy savings potential

Estimate the potential costs associated with retrofitting a demand-controlled lab
exhaust system

N

Optimising the lab’s energy consumption is a key lever towards the campus’ energy reduction
plans. Most of the energy use is due to the air conditioning requirements in labs, whereby
there is a general fixed air change rate (ACH) of 8 during occupied hours and 4 ACH during
unoccupied hours. By implementing a demand-controlled exhaust system by sensing the air
quality within the labs and exhaust air stream, air change rates could be reduced and
therefore drive down energy consumption.

The project is divided into two phases:
A. Phase 1- Proposed Scope of Work for Feasibility Study

The objective of Phase 1is to perform a feasibility study in an identified wet lab within NUS
KRC premises on Level 11 of MDé to implement a variable volume lab exhaust system utilising
a Facility Air Quality Monitoring System that monitors lab exhaust air and make up air. A
variable volume system based on occupancy schedule shall not be considered for this study.
The feasibility study shall include the following:

e Site visit to observe lab equipment and controls that could potentially be impacted by
a system upgrade.

e Literature search on existing codes and standards on the implications of
implementing a variable volume lab exhaust system.

o Review of existing mechanical and electrical drawings to determine the infrastructure
changes necessary to reduce the lab air change rate from 8 to 4. The driving factors
between minimum ventilation rate, cooling load, and lab exhaust ACH will be
reviewed. An energy model assessment of reduced air change rate is provided.

e Review of existing mechanical and electrical drawings to determine the infrastructure
changes necessary to propose energy efficient humidity control methodologies
and/or equipment/infrastructure upgrades as compared to the existing Heat
Recovery Unit (HRU) and reheat systems to labs. An energy model assessment to
inform the feasibility of an alternate strategy is provided.

e Provide a high-level metering and reporting strategy for measurement and
verification purposes to track energy consumption.

NUS MD6 Level 11 - Green Lab Feasibility Study Page | 6
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B. Phase 2 - Proposed Scope of Work Design Concept report and Costing

The objective of Phase 2 is to prepare an updated design concept report based on the

recommended design solution presented in the Phase 1 feasibility report:

o Design narrative and single line schematic level representation of the system and
PDF mark ups of existing drawings identifying any existing infrastructure changes.

e A Rough Order of Magnitude (ROM) cost of the system modifications will be provided
for budgetary purposes by the partner manufacturer, Aircuity.

e Final deliverable will be an updated report with costing information and mark ups.

1.2 Information Received for Review

The following documents and data were received for review:

Document Format Dated back to
MDé L11 Architectural Furniture Plan CAD, PDF July 2012
MDé6 Architectural Sectional Plans CAD March 201
MDé6 ACMV L11 Plan CAD, PDF Aug 201
MDé6 ACMV L6 Plan CAD Aug 201
MDé ACMV High Plume Fan & Lab AHU Schedule CAD Aug 201
MDé ACMV Schematic of Lab (North) CAD Aug 2011
MDé ACMV-VRYV & Spilt Unit Schematic PDF Aug 201
Reheat Schematic BMS Screenshot Sep 2024
MDé Electrical Lighting L11 Layout Plan CAD Aug 201
Aircuity Airflow Optimisation Proposal Word July 2024
Energy Efficiencies Opportunities Assessment for
NUS ?\}I(Db by Johnsonpgontrols PDF June 2023
MDé Level 11 BTU Metering Data (3 months) ’2]:220 Aug
MDé Level 11 Electrical Metering Data (3 months) ’2]:220 Aug

It should be noted that all values presented in this study are based on design values derived
from available design documents as airside and hydronic balancing reports were not
available during the course of the execution of this study. BAS/BMS sensor calibration was

also not confirmed during the course of this study.

NUS MD6 Level 11 - Green Lab Feasibility Study
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The existing mechanical system for air conditioning utilizes a combination of venturi valves,
variable air volume (VAV) systems and variable refrigerant flow (VRF) systems to maintain
optimal indoor conditions across different spaces. Systems differ depending on the space
type served. Refer to Appendix C - Zoning drawing for the division between Laboratory
Spaces and Office Spaces. This drawing also establishes the extent of the scope for this
study.

1.3 Existing Mechanical System Description

Laboratory Spaces

The Level 11 laboratory spaces are served by a single pass system with supply air venturi
valves and exhaust venturi valves. Exhaust venturi valves are divided into three categories:

1. General Lab Exhaust
2. Fume Hood Exhaust
3. Biosafety Cabinet/Fume Hood Exhaust

Supply venturi valves are served by a central Constant Air Handling Unit (CAHU) System.
Exhaust venturi valves are served by high plume fans with each of the three systems
described above on independent exhaust systems.

The CAHUs are composed of a Direct Expansion (DX) pre-cooling coil, fan, filters, and chilled
water coil. The DX pre-cooling coil is served by a water-cooled condensing unit (labelled as
a heat recovery unit). Collected waste heat is pumped to hot water tanks at the roof of the
building which is then pumped throughout the building to supply venturi valve reheat coils
for humidity control and supply air temperature control in the labs.

While there are separate shafts for in the North core and South core, make up air systems
and exhaust systems are fed to/from manifolded airside systems.

Office Spaces
Office spaces in the North core and South core are served independently by recirculating,

variable air volume air handling units. Air handling units contain chilled water coils for
cooling.

NUS MD6 Level 11 - Green Lab Feasibility Study Page | 8
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1.4  Facility Air Quality Monitoring System and Demand Controlled Exhaust System

The Facility Air Quality System (System 1) proposed for this study works by continuously
sampling air from the exhaust air streams at the lab (general lab exhaust, fume hood exhaust,
and biosafety cabinet exhaust). When volatile organic compounds (VOCs) or other
contaminants are below the defined set points, the venturi valves will start to reduce the air
change rate from 8 ACH to 4 ACH. Normal operating parameters would be 4 ACH during
occupied hours and 2 ACH during unoccupied hours. Only when VOCs or contaminants are
detected, will the air change rate increase to 8 to dilute the air until set points are met again.

The Demand Controlled Exhaust System (System 2) proposed for this study works by
continuously sampling air from two key locations: the exhaust fan inlet and the clean supply
air location, to measure differential air quality. Both samples are sent to Aircuity’s Sensor
Suite for analysis, where the measurement is compared against predefined containment
thresholds. When volatile organic compounds (VOCs) or other contaminants are below the
defined trigger level, the stack velocity is reduced to save energy. If the contaminant levels
exceed the limit, fan speeds are increased to ensure safety.

The system also provides data on equipment performance and environmental parameters,
helping optimize lab ventilation for both safety and efficiency.

System 1 and the System 2 can operate independently of one another. The Facility Air Quality
System (System 1) safely reduces the air change rate of the lab systems to reduce the energy
necessary to condition outdoor air necessary for make up of the exhaust systems. The
Demand Controlled Exhaust System (System 2) monitors the exhaust air from the high plume
fans and reduces the amount of by-pass air at the plenum (and therefore dilution) and
reduces the fan speed and plume height. For this study, System 1 applies to Level 11 only and
System 2 serves the exhaust fans associated to Level 8 to Level 15.

How it Works

Air is sampled at exhaust fan inlet

Clean supply air location is sampled
for differential measurement

Both samples are sent to Aircuity’s
Sensor Suite for analysis

Measurement is compared against
containment threshold

Stack velecity is lowered when
measured VOCs are below a defined
trigger level, and fan speeds are
increased when the limit is
exceeded

Data available on equipment
performance and environmental
parameters

Figure 1: Demand Controlled Exhaust System (Source: Aircuity)
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2 Literature Review

To identify the current mechanical design practice for lab exhaust systems and optimise
exhaust rates without compromising lab safety, a literature review was conducted,
referencing several authoritative sources:

2.1 ASHRAE Laboratory Design Guide

The ASHRAE Laboratory Design Guide provides comprehensive guidelines on ventilation and
airflow management in laboratory settings. The guide offers critical information and guidance
essential for planning a laboratory building project. Key areas covered include:

- Risk Assessment: Identifying potential hazards and assessing the level of risk
associated with laboratory processes and equipment.

- Environmental Requirements: The lab environment should meet necessary
conditions for safe operations, including temperature, humidity, and air quality.

o Temperature: The appropriate temperature control and interlocks should be
available to avoid heating or cooling experiments beyond desired limits.

o Humidity: Sensitive electronic instruments may have special minimum
humidity requirements prevents static electricity from damaging experiments
and equipment.

o Air quality: Proper ventilation minimises potential sources of pollutants and
contaminants.

- Appliances and Occupancy: Addressing equipment requirements and considering
occupancy patterns optimises space use and safety.

o Appliance Loads: HVAC system must remove the sensible and latent heat
gains created by equipment, which influences the thermal environment in the
room when released.

o Lighting: Lighting heat load depends on the types of ballasts and fixtures
used, which vary according to the tasks performed in the area.

o Occupants: Occupant densities, diversities, activities levels and scheduling
are the key criteria in determining the occupant load requirements.

- Pressure Relationships: Maintaining appropriate pressure differentials to prevent
contamination and ensure safe containment of hazardous substances.

o Transfer Air: Transfer air moves from one space to an adjacent space through
a transfer grille or other air distribution outlet device

o Negative Pressure Room: A negative pressure room is maintained at a lower
pressure than adjacent areas, ensuring that air flows into the room

o Positive Pressure Room: A positive pressure room is maintained at a higher
pressure than surrounding spaces, resulting in net airflow out of the room.
To achieve this, the supply air volume flow rate must exceed the total exhaust
flow rates from all general and equipment exhaust

NUS MD6 Level 11 - Green Lab Feasibility Study Page | 10
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- Ventilation & Indoor Air Quality (IAQ): Air treatment is required to provide the desired
air quality by either preventing contaminants from leaving the laboratory and
entering the environment or preventing pollutants in the environment from entering
the laboratory.

Active sensing of air quality in individual laboratories is an alternative approach for
dealing with the variability of appropriate ventilation rates, particularly when energy
efficiency is important or when less may be known about the hazard level. With this
approach, the minimum airflow rate is varied based on sensing the laboratory’s
actual air quality level or air cleanliness. Sensors used to determine air quality
should be evaluated for their ability to detect the chemicals being used in the space.
When air contaminants are sensed in the laboratory above a given threshold, the
minimum air change rate is increased proportionately to an appropriate level to
purge the room. When the air is “clean” and contaminants are below the threshold,
lower minimum airflow rates may be appropriate.

- Laboratory Codes, Standard, and References: Ensuring compliance with relevant
codes, standards and best practices for laboratory design and operation
o ANSI/ASHRAE Standard 62.1, Ventilation for Acceptable Indoor Air Quality -
referenced for calculation of Minimum Outdoor Air flowrate
o ASHRAE Handbook 2021 - referenced for thermal template (e.g. Activity type,
sensible/latent heat gain, etc.)

2.2 NEA Green Fit Out Guideline - Cleantech One

The National Environment Agency (NEA) Green Fit Out Guideline for Cleantech One focuses
on sustainable design practices for laboratories, including energy efficiency and green
building standards. It encourages the use of energy-efficient exhaust systems, low-emission
building materials, and the reduction of environmental impact through optimized design
strategies. This guideline helps in aligning lab exhaust designs with environmental
sustainability goals.

The guideline recommends a hierarchy of sustainable strategies, starting with the
minimisation of design airflow requirements. By reducing the lab's air changes per hour,
significant energy savings can be achieved at the lowest cost, making this the most efficient
starting point for optimizing energy performance in laboratory environments.

The next step focuses on controlling airflow through demand-based control of lab air change
rates, using systems such as Aircuity. Additionally, the use of heat pipes can help minimize
dehumidification and reheat energy requirements, further enhancing energy efficiency.

NUS MD6 Level 11 - Green Lab Feasibility Study Page | 1
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Minimize
Dehumidification
and Rehaat Enargy:
* Use dessicant wheel
or
* Heat recovery chiller
with precooling and reheat

Energy Recovery:
* AHU with energy recovery wheel and
electric reheat
or
* AHU with runaround coil and no reheat

Low Pressure Drop Design:
* Use low pressure drop AHU
* Sice ducts and pipes fur low pressure diop

Control Airflow:
* VAV fume hoods and lab exhaust
* VAV make-up and supply air
* Demand-based control of lab air change rates

Incarporate First
{lowest cost - highest Minimize Design Airflow Requirements:
energy reduction) * Reduce lab alr changes per hour
* Use low flow fume hoods
* Use energy efficient lighting and equipment to reduce cooling load

Figure 2: Hierarchy of Sustainable Strategies (Source: NEA Green Fitout Guideline)

2.3 SS641 - Code of Practice for Fire Safety for Laboratories using chemicals

SSé641is a safety standard that outlines the fire safety requirements for laboratories handling
chemicals. The code addresses the design, installation, and maintenance of lab exhaust
systems to ensure fire safety, particularly when handling flammable or hazardous
substances. It emphasizes proper ventilation, exhaust placement, and adherence to fire
safety regulations, which are critical to the overall safety of laboratory operations.

Figure 3 elaborates on the operating conditions required to provide adequate ventilation
rates, ensuring occupant safety and the safe operation of exhaust devices within the
laboratory. Further reduction of the air change rate is permissible down to 4 ACH for
sprinklered labs, provided that the Annex B Risk Assessment indicates it is allowable, indoor
air quality is not compromised, and the infrastructure has the capability to adjust between
occupied and unoccupied modes.

NUS MD6 Level 11 - Green Lab Feasibility Study Page | 12
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8.3 Ventilation rates
8.3.1 Operating condition

8.3.1.1 Adequate ventilation shall be provided to ensure occupant safety and safe operation of exhaust
devices inside the laboratory. The minimum air change rate for laboratories shall be based on Table 4
below, subject to individual operational requirements. Where higher ventilation rates are required due
to the use of LEV (e.g. fume cupboards), the total calculated flow rate shall be used to determine the
ACH. The calculation to achieve the required ACH can be made using internationally accepted
standards (e.g. ASHRAE?®, CIBSE’)

8.3.1.2 For energy conservation purposes, the air change rate for occupied laboratories can be
reduced via the Risk Assessment Flow Chart given in Annex B.

8.3.1.3 There shall be effective means to ensure the ventilation rate is adjusted when the occupancy
of the laboratory changes from unoccupied to occupied. In addition, the indoor air quality of the
laboratory unit should also be considered when determining the ACH.

Table 4 — Minimum lab ventilation rates

Sprinkled, air change | Non-sprinkled, air
per hour (ACH)* change per hour
(ACH)*
Occupied Prescribed value 8 12
laborato
Y Further reduction 4 8
based on Annex B Risk
Assessment
Non-occupied The air change values can be reduced by up to half that of an occupied
laboratory laboratory, as shown above

Figure 3: Ventilation Rate in SS641 (Source: SS641)

The ventilation risk assessment flowchart, as shown in Figure 4, is used to analyse the Annex
B Risk Assessment of a typical BSL2 lab, where experiments involving gas, vapor, and
airborne particles are conducted within fume hoods situated in dedicated, negatively
pressurized rooms. It should be noted that this is a sample risk assessment and each lab’s
risk assessment shall be conducted by a Qualified Professional.

The following are key points to minimise risks:

1. The appropriate Local Exhaust Ventilation (LEV) system must be selected for the lab
activities

2. Airborne contaminants must be minimized in open labs by containing hazardous lab
activities in dedicated, negatively pressurized rooms with LEVs

3. Design ACH for rooms shall always be for the worst case between cooling supply
airflow, LEV airflow, minimum airflow required for IAQ, and 4 ACH

NUS MD6 Level 11 - Green Lab Feasibility Study Page | 13




Ventilation risk assessment flowchart
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Figure 4: Ventilation Risk Assessment Flowchart
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3 Modelling Overview
3.1 IESVE Software

The commercial package IES Virtual Environment (IES-VE) version 2023.5.1.0 was used to
construct the building model including materials, glazing and internal loads. The thermal and
energy modelling packages Apache and ApacheHVAC were then used to model mechanical
systems and to simulate the energy consumption of the base building.

Founded in 1994 by Don Mclean with the first commercial package released in 2000, IES-VE
is an energy analysis and thermal load simulation software which meets or exceeds the
ANSI/ASHRAE/ACCA Standard 183 by using the Heat Balance (HB) Method to calculate
heating and cooling loads to comply with the Standard. The method is detailed in Chapter 18
of the ASHRAE Handbook - Fundamentals as the preferred accurate method for load
calculations. The tools also meet the following international standards: BEST TEST, CIBSE
TM33, EU EN13791: July 2000, ISO 52000, and ASHRAE 140: 2001, 2004, 2007, 2014, 2017.

The strength of energy simulation software is in its ability to dynamically model the complex
heat flows within a building and its zones and simulate how the varied loads interact with
the HVAC systems over the course of a year. However, the software is not used to model
some energy end uses that are simpler to be estimated using manual calculation (e.g. vertical
transportation) and in these cases the energy simulation is supplemented with spreadsheet
type calculations and design information. The building model developed to complete the
estimated energy simulation includes the following information:

- Geometry and shading by the provided architectural drawings.

- Modelled total floor area was 2,170 m?total building area and 2,022 m?of conditioned
area.

- HVAC systems and equipment set up as documented in accordance with the current
mechanical drawings and equipment schedules.

- Lighting power density as documented in the electrical drawings and equipment
schedules.

Estimating the base energy consumption using this modelling approach is a powerful tool
for assessing energy use. However, it should be noted that there are several assumptions
and simplifications that are made that align with the energy modelling guide. All assumptions
and their justification are outlined in this report.
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The first step of the modelling approach was to determine the capacities of the existing
infrastructure through site surveys and a review of the architectural and mechanical
drawings.

3.2 Modelling Approach

In order to configure the mechanical system in IESVE, each space was divided into respective
thermal zones, served by supply venturi valves or VAV systems identified and zoned
accordingly. Additionally, a thermal profile is calculated for each thermal zone, accounting
for sensible and latent gains generated from lighting, occupants, and equipment.

A 3D model was constructed in the IESVE software according to the architectural drawings
provided. The thermal profiles for each zone are updated and assigned with their respective
internal loads and occupancy profiles.

A calculation was made referencing ASHRAE 62.1 and SS 553, considering the worst-case
scenario between the ASHRAE 62.1 ventilation requirements, 4 air changes per hour (ACH),
and the cooling load supply airflow. This worst case ultimately dictates how low the ACH can
be reduced to. This study has found that the cooling load supply airflow is ultimately the
determining factor in ACH reduction with results discussed in Section 5

Figure 5 shows the entire modelling workflow in IESVE while Figure 6 and Figure 7 shows
the modelled building and floor layout in IESVE.

IESVE Internal : : T i
IESVE A Scenario 1- Scenario 2 - Scenario 3 - Scenario 4 -
IESVE G t Gain T late & IESVE HVAC
Building || Construction i Helmg kit B ACH with 4 ACH without || 5 ACH without 5 ACH with
Template Profiles Reheat Reheat Reheat Reheat

Figure 5: Flowchart of Modelling Approach in IESVE
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Figure 6: Perspective View of the Building Modelled in IESVE

Figure 7: Perspective View of Level 11 Modelled in IESVE

NUS MD6 Level 11 - Green Lab Feasibility Study Page | 17



Real impact,
made together.

There are 4 scenarios that have been modelled in the IESVE software. The scenarios are as
follows:

Scenario 1: 8 ACH with Reheat

- Scenario 1is the baseline scenario where the existing system is created to be the
basis of comparison. In this scenario, the created system will be tweaked to match
the current conditions observed during the site visit.

Scenario 2: 4 ACH without Reheat

- Scenario 2 is an exploratory scenario where the existing system airflow is changed
from 8 ACH to 4 ACH and turning the reheat component off. In this scenario, the
resulting temperature and relative humidity (RH) from the reduction of airflow will
be studied and analysed.

Scenario 3: 5 ACH without Reheat

- Scenario 3 is an extension of Scenario 2 where having analyse the Scenario 2 result,
it is expected that some of the spaces will be overheated due to the reduction of
airflow. These spaces will be identified, and the airflow will be increased to lower
down the overheating conditions.

- lt is also expected that some of the spaces will be overcooled due to the reheat
component being turned off.

Scenario 4: 5 ACH with Reheat

- Scenario 4 is the final scenario where the heating component being turned back on
in order to see whether this will make all the spaces at the ideal temperature and
RH range.
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4 Simulation Input Data

4.1 Simulation Weather File

SingaporelWEC.fwt weather file that are the default weather file in IESVE for Singapore are
used as the simulation weather file. The weather file considered 8,760 hours with hourly
timestamp. Figure 8 shows the settings for the simulation weather file in IESVE.

E® ApLocate - NUS MD6_151024 ? X
e »GHé&G-e
Location &Site Data Design Weather Data Simulation Weather Data  Simulation Calendar
ApacheSim
Simulation Weather File: _SingaporeIWEC. fwt Select = Nearest

Get more weather files from iesve.com

Figure 8: Simulation Weather File Settings in IESVE

4.2 Envelope Parameters

The U-value and shading coefficient of the window glazing are set at 2.19 W/m*K and 0.42,
respectively.

4.3 Operational Profiles

The following figures show the operational profiles - occupancy, lights and receptacle that
have been set up according to the room typologies.

Labs/Lab Related Areas

Occupancy Profile - Labs/Lab Related Areas
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Figure 9: Occupancy Profiles for Labs/Lab Related Areas
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Lights Profile - Labs/Lab Related Areas
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Figure 10: Lights Profile for Lab/Lab Related Areas

Receptacle Profile - Labs/Lab Related Areas
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Figure 11: Receptacle Profile for Lab/Labs Related Areas
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Office Areas

Occupancy Profile - Office Areas
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Figure 12: Occupancy Profile for Office Areas

Lights Profile - Office Areas
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Figure 13: Lights Profile for Office Areas
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Receptacle Profile - Office Areas
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Figure 14: Receptacle Profile for Office Areas

Corridors/Lobbies/Stairs

Lights Profile - Corridor/Lobbies/Stairs
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Figure 15: Lights Profile for Corridor/Lobbies/Stairs Areas

NUS MD6 Level 11 - Green Lab Feasibility Study Page | 22



MEP/Store

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Occupancy Profile - MEP/Store

1 2 3 45 6 7 8 910111213 1415 1617 18 19 20 21 22 23 24

W Occupancy Fraction WD B Occupancy Fraction Sat  m Occupancy Fraction Sun

Figure 16: Occupancy Profile for MEP/Store Areas

Lights Profile - MEP/Store
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Figure 17: Lights Profile for MEP/Store Areas
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4.4 Control Sequences

e CAHU and Exhaust Fan Schedule

Base Case Optimised Case
Occupied Hours - 0700 to 1900 8 ACH 4 ACH
Unoccupied Hours - 1900 to 0700 4 ACH 2 ACH

¢ Reheat Coil Sequence

System Start
System Operation

Control valve Open

o Control valve modulates coil flow rate to maintain space
temperature set point.

o Supply air temperature to modulate between 18°C and 21°C.

Control valve close

System Stop

e Control Input in IESVE
CAHU with Venturi Valve ApacheHVAC Setup

CAV reheat - Lab Syswith nsght sirfiow seiback - CHW cooll,.

Lepends
1 Intel
0 2. Pre-Cooling Coil
o | (41| 3 Pre-Cooling Coil Temperature Controller
! 4. Cooling Coil
I T —= 5 Supply Alr Fan
1 |I| & Supply Air Fan Occupied Hours Controller
m |Z| 5] =), 7. Supply Air Fan Unoccupied Hours
—f 2 3| _-:| o E| | m Contraller
3] E A0 L 8 Reheat Coil
| I 9. Reheat Coil Temperature Controller with
" {'_"I Feedback Sensor
T . ' 10. Cooling Coil Temperature Controller with
D )| L% EI it @2 Feeubgck Sensor
;;\- o | I 1. Cooling Coil Relative Humidity Centroller
| ™ | 1| (= with Feedback Sensor
4/} L 12.  Space
— 13.  Exhaust Air Fan Controller
’E T EI 14, Return Air Fan Occupied Hours Controller
— 8 15, Relurn Air Fan Unoccupled Hours
M " [ Controller
— 15, Return Air Fan
| E] EI w117} 17, Exhaust Alr Fan
18, Dutlet
(] 0 19, Outlet

Figure 18: CAHU with Supply Air Venturi Valve Network in ApacheHVAC
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Figure 18 shows the CAHU Venturi Valve ApacheHVAC setup in IESVE. Only the components
that are used in the network are shown. Below is all the controller input for Scenario 1. All
the other controllers for Scenario 2, 3 and 4 can be found in Appendix C - ApacheHVAC Input.

Temperature and Air Flow Control Input for Scenario 1

1. Component 3 (Pre-Cooling Coil Controller)
Time Switch bt

Reference: Pre-Cooling Coil Temeprature Controller

Lirthe: Mone <Select= w

Controllied variable: Dry-bulb Temperature E
Max signal variation: Constant -

Dry-bulb Temperature (°C): 25.10

Time Switch Profile

on continuously |,H!1. Select

Figure 19: Pre-Cooling Coil Temperature Controller in ApacheHVAC for Scenario 1

2. Component 5 (Supply Air Fan)

Fan X

Reference:  Supply air Fan

Link: Supply fan v Re-apply
Settings
Design flow rate: (] Autosize 19430.41 |Ifs
Oversizing factor: 1.00
Design total pressure: 498.16 pa
Fan efficency at design fiow rate: 82.22 o
Fan mechanical shaft power: 11;?;40 . Nm/s
Motor effigency: 19.82 o
Efficency per motor size: .ﬁ.
Mator airstream heat pickup factor: 10.00 s
Design fan power (fan motor electrical): 59.390 kw
Electricity meter: Electricity: Supply [...]
Fan category: Interior central v
Characteristic
() variable volume

Figure 20: Supply Air Fan Input in ApacheHVAC for Scenario 1
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oo,
3. Component 6 (Supply Air Fan Occupied Hours Controller)

Time Switch X

Reference: Supply Air Fan Occupied Hours Controfler

Link: CAV airflow — occupled hours v Re-apply
Controlled variable: Flow rate o
Max signal variation: Constant ~
Flow rate (Ifs): 681.67 A
Time Switch Profile :
System occupied hours l,ﬂl'l. Select

Figure 21: Supply Air Fan Occupied Hours Controller in ApacheHVAC for Scenario 1

4. Component 7 (Supply Air Fan Unoccupied Hours Controller)

Time Switch X

Reference: Supply Air Fan Unoccupied Hours Controlier

Link: CAV airflow — nighttime setback ~ | Re-apply
Controlled variable: Flow rate v
Max signal variation: Constant w
Flow rate {i/s): 170.42

Time Switch Profile :

NUS MD6 Weekly Profile_Unoccupied P select

Figure 22: Supply Air Fan Unoccupied Hours Controller in ApacheHVAC for Scenario 1
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5. Component 9 (Reheat Coil Temperature Controller with Feedback Sensor)

Controller X
Reference:  Reheat Coil Temperature Controller with Feedback Sensor Link:  Heating cail - full hfc LAT band Re-apply
Sensar
‘Controlled variable: Dry-bulb Temperature
Sensed variable: Dry-bulb Temperature:
‘Controlled value at max sensed value: Constant
Radiant Fraction: 0.00
Dry-bulb Temperature (°C) at Max sensed DB Temp (°C): 18.00 a ———————
Time Switch Profile AND/OR [BIAS Connections
AND; 0 OR: 0 BIAS: O Edit
on continuously | mn Select
B2 allow OR inputs to override time switch?
On/Off Contral
H Active
Setpoint Variation: Constant v E, o < P e I e i
Setpaint - sensed variable (°C): 24.00 s ¥
—— B :
Deadband (k) 2.00 i :
—— 2 '
Action with High Sensor Input: OFF ~ E :
8 ]
o 1}
§ OFF T t i
= 22.00 23.00 24.00 25.00 26.00
Var. sensed: DB Temp (°C}

Figure 23: Reheat Temperature Controller with Feedback Sensor in ApacheHVAC for Scenario 1

6. Component 10 (Cooling Coil Temperature Controller with Feedback Sensor)

Controller *
Reference:  Cooling Coil Temperature Controller with Feedback Sensor Link:  Cooling coil - full hfc LAT hand =~ Re-apply
Sensor
Controlled variable: _Dry-bulb Temperature W ; .
Sensed variable: Dry-bulb Temperature
Controlled value at max sensed value: Constant
Radiant Fraction: 0.00
Dry-bulb Temperature {°C) at Max sensed DB Temp {*C): 12.78° A —
Time Switch Profile AMDOR,BIAS Connections
AND: 0 OR: D BIAS: D Edit
on continuously LJ'IIL Select
B allow OR inputs to averride time switch?
On/Off Control
ﬂ Active
Setpoint Variation: Constant w E_ -
Setpoint - sensed variable (°C): 24,00 =
—_— -]
a
Deadband (K} 0.00 H
b —_— ]
=
Action with High Sensor Input; ON = E
-]
L]
5 OFF -+ .
= 12.00 24.00 36.00
Var. sensed: DB Temp (°C)

Figure 24: Cooling Coil Temperature Controller with Feedback Sensor in ApacheHVAC for Scenario 1
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7. Component 11 (Cooling Coil Relative Humidity Controller with Feedback Sensor)

Controller x
Reference:  Cooling Coil Relative Humidity Controller with feedback Sensor| Link:  Cooling coil —full hjc/dehum LA™ ~ Re-apply
Sensor
‘Controlled variable: Dry-bulb Temperature
‘Sensed variable: w
Controlled value at max sensed value: Constant e
Dry-bulb Temperature (=C) at Max sensed Rel Hum {%): 12.78 a
Time Switch Profile AND/OR,/BIAS Connections
AMD: O OR: 0 EIAS: O Edit
on continuously | nn Select
B 2llow OR inputs to override time switch?
OnfOff Control
' Active
Setpoint Variation: Constant ~ E. aM
‘Setpoint - sensed variable (%6): 65.00 o
—u -}

a

Deadband (%) 0.00 o
_ @

=
Action with High Sensor Input: ON v g

]

-

5 OFF - .

=2 3250 65.00 87.50

Var. sensed: Rel Hum (%)

Figure 25: Cooling Coil Relative Humidity Controller with Feedback Sensor in ApacheHVAC for Scenario 1

8. Component 13 (Exhaust Air Fan Controller)

Time Switch >
Reference: Exhaust Air Fan Controller|
Lirtk: Exhaust/CV hood airflow w Re-apply
Caontrolled variable: Flow rate o
I'v‘!ax signal variation: Const@nt o
F!ow _rate [Ifs}i_: 000 A

Time switch profile

System occupied hours Lﬂﬂ. Select

Figure 26: Exhaust Air Fan Controller in ApacheHVAC for Scenario 1
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9. Component 14 (Return Air Fan Occupied Hours Controller)
Time Switch

Reference: Return Air Fan Occupied Hours Controller

Link: None <Select> v |  Re-apply
Controlled variable: Flow rate
Max signal variation: Constant

Flow rate (Ifs): 0.00

Time switch profile

System occupied hours Lﬂ.ll Select

Figure 27: Return Air Fan Occupied Hours Controller in ApacheHVAC for Scenario 1

10. Component 15 (Return Air Unoccupied Hours Controller)

Time Switch

Reference: Return Air Fan Unoccupied Hours Controller

Link: None <Select> v R
Controlled variable: Flow rate

Max signal variation: Constant

Flow rate (/s): 0.00

Time switch profie

NUS MD6 Weekly Profile_Unocaupied UL select

Figure 28: Return Air Fan Unoccupied Hours Controller in ApacheHVAC for Scenario 1
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1. Component 16 (Return Air Fan)
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Fan X
Reference:  Return Air Fan|
Link: Return/Relief fan v Re-apply
Settings

Design flow rate: (] Autosize 19430.41 |fs
Oversizing factor: 1.00

Design total pressure: 249.08 pa

Fan effidency at design flow rate: 82.22 o

Fan mechanical shaft power: 5886.20 Nmjs

Motor effidency: 9.91 o

Effidency per motor size: 0

Motor airstream heat pickup factor: 10.00 o

Design fan power (fan motor electrical): 59.390 kw
Bectricty meter: Electricity: Generz [...

Fan category: Exhaust v

Characteristic
("] variable volume
Figure 29: Return Air Fan in ApacheHVAC for Scenario 1
12. Component 17 (Exhaust Air Fan)
Fan X

Reference;  Exhaust Air Fan|

Link: Exhaust fan
Settings

Design flow rate:
Oversizing factor:
Design total pressure:
Fan effidency at design flow rate;
Fan mechanical shaft power:
Motor effidency:

Effidency per motor size:
Motor airstream heat pickup factor:
Design fan power (fan motor electrical):
Electricity meter:

Fan category:
Characteristic
() variable volume

~ | Re-apply

8333.40 Ifs

1.00

245.08 pa

70.00 o

2965.25 Nmfs

12.36 o

10.00 o

24.000 kw

Electricity: Fume  [...]

Figure 30: Exhaust Air Fan in ApacheHVAC for Scenario 1

NUS MD6 Level 11 - Green Lab Feasibility Study Page | 30



Real impact,
made together.

The setpoint for the air-condition areas are set at 24°C + 1°C for temperature and 60% = 5%
for the RH. These criteria will be the main parameters to look at in the context of this study.

4.5 Space Temperature and Relative Humidity (RH) Set Points

4.6 Lighting

The electrical drawing plan was received, clearly demarcating the light fittings, with the
corresponding cutsheet attached. Based on the provided information, the number of light
fittings in each zone was counted from the electrical floor plan. Since all lighting fixtures on
Level 11 will be replaced in the future, a 40% reduction from the current Lighting Power Budget
(LPB) has been assumed.

The lighting power budget is provided in Appendix A - Lighting Power Budget (LPB).

4.7 Occupancy

Based on the architectural furniture drawing plan, the number of occupants is assumed to
correspond to the number of chairs in each zone. In zones without chairs, the occupancy heat
load is assumed to be 0 m*/person.

For the degree of activity in labs and offices, the work is classified as seated, very light work,
as referenced in the 2021 ASHRAE Handbook, with sensible heat at 72 W and latent heat at
45 W per person.

4.8 Lab Equipment (Plug Loads)

Direct cutsheet information for the lab equipment was not provided by NUS, therefore, the
equipment's brands and power consumption wattages were researched online. However, to
maintain consistency when inputting plug loads, equipment of similar types—such as laptops,
freezers, and refrigerators—are assumed to have the same power consumption, regardless
of brand. However, not all equipment information was available for every zone, hence a few
of the rooms’ equipment power consumption was assumed and referenced to a past project
of similar space type.

Since the equipment is not continuously in operation, diversity factors were applied to each
type to account for their usage variability, as follows:

e Incubators -1
e Refrigerators - 0.5
e Other equipment - 0.15

The equipment asset list is provided in Appendix B - Lab Equipment Asset List.

4.9 Infiltration
Following the CIBSE TM23 standards, the infiltration rate is set at 0.25 ACH.

4.10 Minimum Outdoor Air

The minimum outdoor air ventilation rate was calculated based on the ASHRAE 62.1 standard
and applied to spaces served by VAV systems.
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5 Results

Table 1 shows an example of how the result for the simulations is tabulated. The table is
organized into columns that list the temperature and RH ranges, and rows that indicate the
number of hours each range is maintained throughout the year based on the occupied hours
(0700 Hours - 1900 Hours) explained in Section 4.3. For all zoning tags, refer to Appendix D
- Zoning Drawings.

Table 1: Example of Tabulated Data

Real impact,
made together.

Only occupied hours are considered for the result. This is due to the assumption that during
the unoccupied hours, lighting, lab equipment (aside from refrigerators and incubators), solar
load, and occupancy loads will be low or not present.

Location

Temperature (°C) - % hours in range

L11_01_Blood Processing Room
L11_01_Dark Room
L11_01_Entry Vestibule
LN_01_Freezer

L1_01_Fume Hood
L1_01_Linear Equipment
L11_01_Mass Spec Lab Large
L11_01_Mass Spec Lab Small
L1_01_Open Laboratory
L11_01_Tissue Culture
L1_01_Virus Room
L11_02_Blood Processing Room
L11_02_Entry Vestibule
L1_02_Freezer
L1_02_Fume Hood
L1_02_Linear Equipment
L1_02_Mass Spec Lab Small
L11_02_Open Laboratory
L1_02_Tissue Culture
L1_02_Virus Room
L1_03_Entry Vestibule
L1_03_Freezer

L11_03_Open Laboratory
L1_04_Entry Vestibule
L11_04_Open Laboratory
L11_05_0Open Laboratory
L1_06_Open Laboratory
L1_07_Open Laboratory
L11_08_0Open Laboratory
L11_09_Open Laboratory
L1_10_Open Laboratory
L1_11_Open Laboratory
L11_12_Open Laboratory
L11_13_Open Laboratory

<=23 >23 to <=25 >25 <= 55 >55 to <=65
0 T w00 0 227 | 713
0 [ 100 0 seTaN | 33
| 08 [9g2nd 0 100 0
| 2 [gge™ I s+ |INGOEMMN| 09
7250 T 271 0 Bs5 0635
0 100 0 s [es2
0 0 [ 100 | 100 0
0 0 [ w0 | 100 0
| 14 .7 S3 T 7 226
M 189 e 0 GEE | 67
T2 [ 286 0 Bss.e  [eh%
0 w0 0 B 156 [sLa
| 37 [9es 0 100 0
0 35 265 (GO 0
sl [ 312 0 L AREEE i
0 w0 0 GsGIN | 4
0 [ggm| 13 (MSSEEM 05
| 31 905 | 65 (Mss7 653
B 103 [EeTm 0 G | 3.4
e 2 0 W 248 520
| 36 [9eE 0 100 0
M 1317 7 W o159 |99 o8
| 23 [WEzm B 136 |MEE 875
01 g9y 0 w00 0
0.4 728 268 (SR s
I 5 g | s B 267 [8E
| 37 [Peanm| 23 [M238 [gez
0 pe7s B o125 |Noom 0
0 100 0 e [39.8
| 22 [9Z2W | 36 |WBss4 658
0 [ W 23 (s 34
0 (509 ZH, (eI B 17
0 [hgss| 12 L7901
| 16 [eel| 24 [sei3

RH (%) - % hours in range

> 65

[=]

[ Y R e R e J e Y cm Y e Y Y Y e Y [ I [ e e O e e Y e e O e Y e O e Y N e N I e Y e I N e I e I e I e ]
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The colour coding or shading, highlights areas where conditions fall within or outside the
desired range. In the context of the simulation, the colour coding that falls within the desired
range is green for both temperature and RH. The ideal conditions should be 90% of the hours
within the desired range and 10% of the hours outside of the desired range.

The coloured area highlighted under the location column indicates the areas that is not
considered for result analysis. This will be consistent across all of the scenarios simulated.

5.1 Scenario 1: 8 ACH with Reheat

Scenario 1represents the baseline condition, where the existing system is recreated to serve
as a basis for comparison with other scenarios.

5.1.1 Observation

One main observation in Table 2 is that the majority of the areas fall within a temperature
range of less than 23°C and within 55% to 65% of RH.

Table 2: Temperature and Relative Humidty (RH) Tabulation for 8 ACH with Reheat

Location Temperature (°C) - % hours in range RH (%) - % hours in range
<= 23 >23 to <=25 >25 <= 55 >55 to <=65 > 65
L1_01_Blood Processing Room  [INBT8N [ 182 0 I 76 924 0
L11_01_Dark Room 7eEN ™ 207 0 5. B 0
L11_01_Entry Vestibule 100 0 0 0 g5 B 105
L11_01_Freezer 161 839N 0 100 0 0
L11_01_Fume Hood 100 | 0 0 0 0.6 [NGSEEN
L11_01_Linear Equipment vkl R 0 I 66 G 0
L1_01_Mass Spec Lab Large 19 C981 0 ST | 24 0
L11_01_Mass Spec Lab Small 04 [N99ETN 0 ssEe | 1.4 0
L1_01_Open Laboratory W 212 [7eEn 0 eEE s 0
L11_01_Tissue Culture 100 0 0 0 w0 0
L11_01_Virus Room 100 0 0 0 [ 17 seEE
L1_02_Blood Processing Room [IINGIBM ™ 187 0 I 62 [9sE 0
L11_02_Entry Vestibule 100 0 0 0 ezl 79
L1_02_Freezer 73  [9zZT 0 998 | 0.2 0
L11_02_Fume Hood 100 | 0 0 0 | 15 SsEEN
L1_02_Linear Equipment | 100 0 0 0 10 0
L11_02_Mass Spec Lab Small 0 100 0 S| 23 0
L11_02_Open Laboratory ze1  E3H 0 B9z [y 0
L11_02_Tissue Culture 100 | 0 0 [ 19 [ 981 0
L11_02_Virus Room 100 0 0 0 0 100 |
L11_03_Entry Vestibule 100 0 0 0 [ss s
L11_03_Freezer 62  [9zE 0 100 0 0
L11_03_Open Laboratory 43 651 0 S5ls L2 0
L11_04_Entry Vestibule 100 0 0 0 [7eEn W 204
L11_04_Open Laboratory M 26 14 0 STz 428 0
L11_05_0Open Laboratory Ess 535 0 e [ssd 0
L11_06_Open Laboratory eos 392 0 W 241 s 0
L11_07_Open Laboratory Iz [050 [N0Z0NEsE sed 0
L11_08_Open Laboratory 899 a0 0 ssl: s 0
L11_09_Open Laboratory cs..  [E5E 0 E2s ST 0
L1_10_Open Laboratory W 211 [TEen 0 EEh  Be9 0
L11_11_Open Laboratory 17 | 83 | 0 e ™ 236 0
L11_12_Open Laboratory 57 33 0 M 159 [eann 0
L11_13_Open Laboratory 2.8 572 0 22 578 0
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The temperature range of less than 23°C indicates that most of the areas are being
overcooled.

5.1.2 Discussion

Limitation and Assumptions

As a baseline condition, the team were not able to determine the control sequence of the
reheat coils. This is either by finding the sequence in the design documents, operation and
maintenance manual or from the control contractors.

The team assumed that the control valve would modulate the flow are according to the space
set point with an upper max supply air temperature of 18°C. This can be seen in Figure 23.
There were also no reheat coil schedules available to enter the capacities into the
ApacheHVAC network and autosized is the only option in this case.

During one of the site visits, it has also been observed on site that it's possible that the control
valves for the reheat coils may not be operating correctly in some spaces.

In terms of the building airside systems and hydronics system, it has not been balanced since
the initial construction of the building. There was also no confirmation that the sensors have
been recalibrated and the level of sub-metering of the building is not sufficient to do true
calibration.

Cause of Overcooling in Scenario 1

In Section 5.1.1, it has been observed that the majority of the of the areas falls within a
temperature range of less than 23°C and indicates that most of the areas are being
overcooled even with reheat. In order to analyse more about this situation, the team looks
into one area; 01_Open_Laboratory, plot the temperature and tabulate the space conditions
for a day in a year.

Figure 31 shows the temperature plot for 01_Open_Laboratory. Even with reheat, there are
still times where the space will be overcooled. This occurs during the early occupied hours
of 0730 until 0830 hours.

The reason why this is happening is because the 8 ACH supply air is more than what is
required to extract the low sensible and latent gain in the space during this the early morning.
Furthermore, the solar gain is also low compared to the rest of the hours in the day as seen
in Table 3. The location of the sun at 0730 hours for 01_Open_Laboratory can be seen in Figure
32.

This phenomenon can be mitigated with a variable air volume system where the air can be
supplied at just the right temperature to compensate for the low sensible, latent and solar
gain in the space.
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Scenario 1 Temperature Plot for 01_Open_Laboratory
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Figure 31: Scenario 1 Temperature Plot for 01_Laboratory for a Day in a Year (22" April)
Table 3: Scenario 1 Space Conditions for 01_Open_Laboratory on 22" April
X E.nlering Supply Space Air Space Space Space
Date Time AwTerE;();rature Temera!ure (°C) In!ernalpGain (kW) | Solar gain (kW) Air Su’:nply (/s)
Tue, 22/Apr 00:30 13.47 23.29 0.2739 0 170.42
01:30 13.47 23.24 0.3969 0 170.42
02:30 13.47 2313 0.3969 0 170.42
03:30 14.38 231 0.3969 0 170.42
04:30 18.00 23.89 0.3969 0 170.42
05:30 18.00 24 0.3969 0 170.42
06:30 18.00 23.99 0.3969 0 170.42
07:30 18.00 22.33 12122 0.3929 681.67
08:30 18.00 22.39 1.2855 1.0223 681.67
09:30 18.00 23.55 27419 1.6337 681.67
10:30 18.00 24.21 2.8884 2.0642 681.67
11:30 18.00 24.52 2.9617 2.0026 681.67
12:30 18.00 2415 1.9639 19944 681.67
13:30 18.00 24.26 2.037 2.2664 681.67
14:30 17.55 24.75 2.8884 2.5483 681.67
15:30 13.47 23.31 3.0349 3.8097 681.67
16:30 13.47 23.23 2.9617 40239 681.67
17:30 17.55 243 2.7419 25965 681.67
18:30 18.00 23.84 2.6687 0.8423 681.67
19:30 18.00 24.78 0.9843 0.0739 170.42
20:30 18.00 24.86 0.8291 0 170.42
21:30 18.00 24.8 0.8291 0 170.42
22:30 18.00 24.45 0.4833 0 170.42
23:30 18.00 24,19 0.3149 0 170.42
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Figure 32: The sun location for 01_Open_Loboratory on 22" April at 0730 hours
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5.2 Scenario 2: 4 ACH without Reheat

Taking the result in Scenario 1as a base case, the team decided to simulate Scenario 2 where
the supply air is being halved to 4 ACH and the reheat turned off. This is done to reduce the
amount of time most of the spaces are being overcooled and to see whether the reheat is

needed.

5.2.1 Observation

The key observation in Table 4 shows that the majority of the areas are still overcooled,
indicating that reheating is needed to bring them within the desired temperature range. Three
areas stood out, where previously there was no overheating with 8 ACH, but now they are
showing signs of overheating with 4 ACH. These areas are highlighted in orange, and it has
been decided to change the ventilation to 5 ACH in order to reduce the percentage of hours

exceeding 25°C.

Table 4: Temperature and Relative Humidty (RH) Tabulation for 4 ACH without Reheat

Location

L11_01_Blood Processing Room
L1_01_Dark Room
L11_01_Entry Vestibule
L11_01_Freezer

L1_01_Fume Hood
L1_01_Linear Equipment
L11_01_Mass Spec Lab Large
L11_01_Mass Spec Lab Small
L11_01_Open Laboratory
L11_01_Tissue Culture
L1_01_Virus Room
L11_02_Blood Processing Room
L11_02_Entry Vestibule
L1_02_Freezer
L11_02_Fume Hood
L11_02_Linear Equipment
L11_02_Mass Spec Lab Small
L11_02_Open Laboratory
L1_02_Tissue Culture
L1_02_Virus Room
L1_03_Entry Vestibule
L11_03_Freezer

L11_03_Open Laboratory
L1_04_Entry Vestibule
L1_04_Open Laboratory
L11_05_0Open Laboratory
L11_06_0Open Laboratory
L11_07_Open Laboratory
L11_08_0Open Laboratory
L11_09_Open Laboratory
L1_10_Open Laboratory
L11_11_Open Laboratory
L11_12_Open Laboratory
L11_13_Open Laboratory

Temperature (°C) - % hours in range RH (%) - % hours in range
>23to «<=25 > 25 =55 >55t0 <65  >65
RN B 28 0 0.2 IEOEE W 155
SEEN | 14 0 0.7 IS L] 0
- w00 0 0 0o | 32 I
;. 0 PSeENN 04 0
~ w0 0 0 0 I s9 SEAE
esEm | ss 0 01 IeemEE o2
o6 W77 IR 19 0
B 144 DESEs Ekes (SN W > 0
W2 WBs: HEBs; ISR B2 | 1
~ 100 0 0 0 s W v
~ 100 0 0 0 i n [
I N 122 0 o EEEE W 193
o100 0 0 0 o7 NN
IS I 101 0 ~100 0 0
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S0 0 0 0 IS | 43
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Gz sEa 0 9946 0.4 0
s ESEs | o4« W24 IEEE | 29
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EE: s | s | 52 IEEE 1 77
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5.2.2 Discussion

In Section 5.2.1, it has been observed that there are spaces highlighted in orange are
overheating where previously it is not in Scenario 1. Taking 01_Open_Laboratory to analyse
further, the team plots the temperature and tabulate the space conditions for a day in a year.

The overheating occurs at 1130 to 1830 hours where the sensible, latent and solar gain are at
the highest as shown in Figure 33 and Table 5. This shows that 4 ACH is not enough to
compensate the sensible, latent and solar gain during the time of 1130 to 1830 hours.

The next step in the process to reduce the overheating hours are shown in the next section.

Scenario 2 Temperature Plot for 01_Open_Laboratory
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Figure 33: Scenario 2 Temperature Plot for 01_Laboratory for a Day in a Year (22" April)
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Table 5: Scenario 2 Space Conditions for 01_Open_Laboratory on 22" April

Real impact,
made together.

Date Time Entering Supply Air Space Air Space Space Space
Temperature (°C) Temperature (°C) Internal Gain (kW) Solar Gain (kW) Air Supply (I/s)
Tue, 22/Apr 00:30 13.47 2354 0.2739 0 170.42
01:30 13.47 23.46 0.3969 0 170.42
02:30 13.47 23.32 0.3969 0 170.42
03:30 13.47 23.19 0.3969 0 170.42
04:30 13.47 23.08 0.3969 0 170.42
05:30 13.47 22.99 0.3969 0 170.42
06:30 13.47 22.89 0.3969 0 170.42
07:30 13.47 22.01 12122 0.3929 340.84
08:30 13.47 22.29 1.2855 1.0223 340.84
09:30 13.47 23.89 2.7419 1.6337 340.84
10:30 13.47 2491 2.8884 2.0642 340.84
1:30 13.47 25.44 2.9617 2.0026 340.84
12:30 13.47 25.03 19639 19944 340.84
13:30 13.47 2518 2.0371 2.2664 340.84
14:30 13.47 26 2.8884 2.5483 340.84
15:30 13.47 2711 3.0349 3.8097 340.84
16:30 13.47 27.58 2.9617 4.0239 340.84
17:30 13.47 26.72 2.7419 2.5965 340.84
18:30 13.47 2522 2.6687 0.8423 340.84
19:30 13.47 24.83 0.9843 0.0739 170.42
20:30 13.47 2439 0.8291 0 170.42
21:30 13.47 24 0.8291 0 170.42
22:30 13.47 23.6 0.4833 0 170.42
23:30 13.47 23.23 0.3149 0 170.42
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Scenario 3 is an extension of Scenario 2 where the three areas identified in Scenario 2; the
air being supplied is changed from 4 ACH to 5 ACH. These areas are 01_Open_Laboratary,
04_Open Laboratory and 11_Open_Laboratory.

5.3 Scenario 3: 5 ACH for Certain Spaces without Reheat

5.3.1 Observation

Analysing the result in Table 6, the change to 5 ACH reduces the percentage of overheating
hours in these three areas. In terms of the overcooling hours, the team concluded that a
reheat component is needed in order to reduce the percentage of the overcooling hours to
all the other areas.

Table 6: Temperature and Relative Humidty (RH) Tabulation for 5 ACH without Reheat

Location Temperature (°C) - % hours in range RH (%) - % hours in range
<=23  »23t0<=25  »25 <=55  >55t0<=65  »>65
L11_01_Blood Processing Room 12.8 0 0.2 [ 803 M 195
L11_01_Dark Room 1.4 0 | o7 [g9EEN 0
L1_01_Entry Vestibule 0 0 0 | 32 |GEEN
L11_01_Freezer s 0 GsEE os 0
L11_01_Fume Hood 0 0 0 I 59 Sz
L1_01_Linear Equipment 6.6 0 0.1 e 02
L11_01_Mass Spec Lab Large @ 177 ETE e | 19 0
L1_01_Mass Spec Lab Small [5gls [ss (MZEE W 25 0

L11_01_Open Laboratory 526 | 53 (MM292 [eza N 87

L11_01_Tissue Culture 0 0 0 [eoET MW 197
L1_01_Virus Room 0 0 0 [ s8¢ G
L11_02_Blood Processing Room 1.3 0 0.1 ey M 198
L11_02_Entry Vestibule 0 0 0 | o7 GSEEN
L11_02_Freezer 101 0 100 | 0 0
L11_02_Fume Hood 0 0 0 I 76 924
L1_02_Linear Equipment 0 0 0 el 63
L11_02_Mass Spec Lab Small 100 0 999 | 0.1 0
L11_02_Open Laboratory [ssr | I 66 [mEE2Z™ I 71
L11_02_Tissue Culture 7.1 LA [esEy 1 74
L1_02_Virus Room 0 0 | 26 974
L11_03_Entry Vestibule 0 0 0 100 |
L11_03_Freezer s 996 0.4 0
L11_03_Open Laboratory s | W 234 PEEE | 29
L11_04_Entry Vestibule 0 0 | 16 NGEEN

oo = ~
OChox—9OL oocoo:

L11_04_Open Laboratory 323 | 55 [Weszm N n3
L1_05_Open Laboratory VAR 52 [meTam I 7.7
L1_06_Open Laboratory 304 | 4 g I ea
L11_07_Open Laboratory VAR B | s [Ess | 1
L11_08_Open Laboratory 304 3.4  [ggEmm 0

L11_09_Open Laboratory 5813 0.4 6 [ezEm [ 15
L11_10_Open Laboratory [ege | 43 151 sz | 09
L11_11_Open Laboratory [sg2 | 13 219 EEE |

L1_12_Open Laboratory 342 0.1 09 g5 W 133
L1_13_Open Laboratory s 0.2 68 g2z | 1
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5.3.2 Discussion

The increase to 5 ACH in 01_Open_Laboratory shows some improvement in terms of space
temperature. This can be seen by comparing Table 5 and Error! Reference source not found..
Previously with 4 ACH the hours of 1130 to 1830 shows that the space is overheating but with
5 ACH, the overheating only occurs during the hours of 1530 to 1730.

On the flipside, the increment to 5 ACH also increases the overcooled hours from 0730 - 0830
in Table 5 to 0730 - 0930 in Error! Reference source not found.. It is the same issues that
happens in Scenario 1 where the supply air is more than what is required to extract the low
sensible, latent and solar gain during the early hours of the occupancy period.

The next step in the process to reduce the overcooling hours are shown in the next section.

Scenario 3 Temperature Plot for 01_Open_Laboratory
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Figure 34: Scenario 2 Temperature Plot for 01_Laboratory for a Day in a Year (22" April)
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Table 7: Scenario 3 Space Conditions for 01_Open_Laboratory on 22" April

Real impact,
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Date Time Entering Supply Air Space Air Space Space Space
Temperature (°C) Temperature (°C) Internal Gain (kW) Solar Gain (kW) Air Supply (l/s)
Tue, 22/Apr 00:30 13.47 2317 0.2739 0 170.42
01:30 13.47 231 0.3969 0 170.42
02:30 13.47 22.98 0.3969 0 170.42
03:30 13.47 22.85 0.3969 0 170.42
04:30 13.47 22.76 0.3969 0 170.42
05:30 13.47 22.67 0.3969 0 170.42
06:30 13.47 22.58 0.3969 0 170.42
07:30 13.47 2115 1.2122 0.3929 426.04
08:30 13.47 2126 1.2855 1.0223 426.04
09:30 13.47 22.69 2.7419 1.6337 426.04
10:30 13.47 23.57 2.8884 2.0642 426.04
1:30 13.47 24.02 2.9617 2.0026 426.04
12:30 13.47 23.61 1.9639 19944 426.04
13:30 13.47 23.74 2.0371 2.2664 426.04
14:30 13.47 24.48 2.8884 2.5483 426.04
15:30 13.47 25.48 3.0349 3.8097 426.04
16:30 13.47 25.87 2.9617 4.0239 426.04
17:30 13.47 25.05 2.7419 2.5965 426.04
18:30 13.47 23.66 2.6687 0.8423 426.04
19:30 13.47 23.96 0.9843 0.0739 170.42
20:30 13.47 23.77 0.8291 0 170.42
21:30 13.47 23.56 0.8291 0 170.42
22:30 13.47 23.12 0.4833 0 170.42
23:30 13.47 22.18 0.3149 0 170.42
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5.4 Scenario 4: 5 ACH for Certain Spaces with Reheat

5.4.1 Observation

Scenario 4 is a scenario where it is a combination of the conclusion from Scenario 2 and
Scenario 3. In Scenario 4, the reheat component is now being turned on in order to control
the overcooling percentage hours in all the areas.

Table 8: Temperature and Relative Humidty (RH) Tabulation for 5 ACH with Reheat

Location Temperature (°C) - % hours in range RH (%) - % hours in range
<= 23 >23 to <=25 >25 <= 55 >55 to <=65 > 65

L1_01_Blood Processing Room 0 100 0 N 126 [ 814 0
L11_01_Dark Room 0 100 0 . 100 | 0 0
L1_01_Entry Vestibule |1 | 989 0 100 0 0
L1_01_Freezer 0 [eie B ss4  (NNicom 0 0
L1_01_Fume Hood Sz I 161 0 285 7S 0
L1_01_Linear Equipment 0 100 0 Bss [e32 0
L11_01_Mass Spec Lab Large 0 0 . 1m0 | 100 0 0
L11_01_Mass Spec Lab Small 0 0 . 10 | 10 0 0
L11_01_Open Laboratory 0 [eee™ N 131 (WSS [%Zos 0
L11_01_Tissue Culture I s 92 0 S| 3 0
L11_01_Virus Room ETS I 181 0 B 264  [73E 0
L1_02_Blood Processing Room 0 . 100 0 I 63 Gz 0
L1_02_Entry Vestibule | 35 [9esT 0 100 0 0
L11_02_Freezer 0 [ge2 B ns NGO 0 0
L11_02_Fume Hood eIz 0 188 0 sse 0654 0
L1_02_Linear Equipment 0 100 0 ST 09 0
L1_02_Mass Spec Lab Small 0 g2 | 18 |GSEEM 02 0
L11_02_Open Laboratory 0 esEm | 62 |29 [0 0
L11_02_Tissue Culture 0 100 0 100 0 0
L11_02_Virus Room SoZE 98 0 B 138 82N 0
L1_03_Entry Vestibule | 23 e 0 100 0 0
L11_03_Freezer 0 [Goe B 91 (mEcoRN 0 0
L11_03_Open Laboratory 0 [eEr W 159 (WEZh 374 0
L1_04_Entry Vestibule 0 100 0 100 0 0
L1_04_Open Laboratory 0 [ggsmm | 37 [MM269 [EEd 0
L11_05_Open Laboratory 0 [moze |l 51 MW 207 93T 0
L11_06_Open Laboratory 0 fersndl| 27 | 226 TTA 0
L11_07_Open Laboratory 0 [esi W o149 oo 0 0
L1_08_Open Laboratory 0 100 0 A A 0
L1_09_Open Laboratory 0 [ese | 42 |[MM288 T2 0
L1_10_Open Laboratory 0 e M 233 [Elm B89 0
L1_11_Open Laboratory 0 [o3E | 62 |WEOh 399 0
L1_12_Open Laboratory 0 99| o7 B ns [gsz™ 0
L11_13_Open Laboratory 0 [hegel| 27  |[B73  e20 0

Table 8 shows the result for Scenario 4. The main takeaway from this scenario is that, with
the reheat turned on, it is shown that all the areas are no longer showing any major
overcooling indication except for a few special areas which will be discuss further below.
This proves that the reheat component is still needed in order to control the temperature and
RH in all the areas. An analysis of Table 8 further reveals a few special areas mentioned
earlier, namely the Fume Hood room and the Virus room, where overcooling still occurs even
with 5 ACH. The team found that with lower ACH, it will deviate more towards overheating
and with a higher ACH, it will lead to overcooling.
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5.4.2 Discussion

The three areas that are identified earlier in Scenario 3, are now showing sign of not being
overcooled anymore. For the area 01_Open_Laboratory, the percentage of hours that it is in
the range of more than 25°C is more than 10%. In order to analyse more about this situation,
the team looks into the area and plot the temperature for a day in a year.

Figure 35 shows the temperature plot for a day in a year for 01_Open_Laboratory. Majority of
the time, it falls within the desired temperature range of 23°C to 25°C except during the hours
of 1530 to 1730 in the afternoon.

This is due to the solar heat gain, as from the hours of 1530 to 1730 the sun is on the Western
side of the building as shown in Figure 36. The solar heat gain can be seen in Table ¢
highlighted in red.

This phenomenon can be mitigated with a variable air volume system where the air can be
supplied at just the right temperature to compensate for the spike in space temperature.

Scenario 4 Temperature Plot for 01_Open_Laboratory
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Figure 35: Scenario 4 Temperature Plot for 01_Laboratory for a Day in a Year (22" April)
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Table 9: Scenario 4 Space Conditions for 01_Open_Laboratory on 22" April

Date Time Entering Supply Air Space Air Space Space Space
Temperature (°C) Temperature (°C) Internal Gain (kW) Solar Gain (kW) Air Supply (I/s)
Tue, 22/Apr 00:30 13.92 23.58 0.2739 0 170.42
01:30 14.38 23.63 0.3969 0 170.42
02:30 14.83 23.58 0.3969 0 170.42
03:30 14.83 23.57 0.3969 0 170.42
04:30 15.28 23.53 0.3969 0 170.42
05:30 15.28 23.52 0.3969 0 170.42
06:30 15.74 23.54 0.3969 0 170.42
07:30 17.55 23.07 12122 0.3929 426.04
08:30 17.09 23.35 1.2855 1.0223 426.04
09:30 13.92 23.7 2.7419 1.6337 426.04
10:30 13.47 24.07 2.8884 2.0642 426.04
1:30 13.47 24.42 2.9617 2.0026 426.04
12:30 13.47 23.96 1.9639 19944 426.04
13:30 13.47 24.06 2.0371 2.2664 426.04
14:30 13.47 24.77 2.8884 2.5483 426.04
15:30 13.47 25.75 3.0349 3.8097 426.04
16:30 13.47 26.13 2.9617 4.0239 426.04
17:30 13.47 2529 2.7419 2.5965 426.04
18:30 13.92 23.97 2.6687 0.8423 426.04
19:30 13.47 24.42 0.9843 0.0739 170.42
20:30 13.47 24M 0.8291 0 170.42
21:30 13.47 23.9 0.8291 0 170.42
22:30 14.38 23.59 0.4833 0 170.42
23:30 15.28 23.52 0.3149 0 170.42
=

Figure 36: The sun location for 01_Open_Loboratory on 22" April at 1530 hours

As mentioned in Section 5.3, only 01_Open_Laboratary, 04_Open Laboratory and
11_Open_Laboratory areas that are changed to 5 ACH from 4 ACH. As for the other areas, it
remains at 4 ACH. The supplied air weighted average is 4.17 ACH.
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Table 10 shows the percentage hours that the reheat component is turned on for Scenario 1
and Scenario 4. Comparing Scenario 1 and Scenario 4, it is apparent that there are some
savings in certain areas. As an example, the reheat components for 03_Open_Laboratory
area needs to be on continuously but achieving the desired temperature range only 66% of
the time as shown in Table 2. Comparing it with Scenario 4 where the reheat components
need to be turn on only 34% of the time but achieving a far better desired temperature range
847% of the time as shown in Table 6. All in all, it amounted to 70% savings in terms of reheat
energy for 03_Open_Laboratory area.

5.5 Energy Savings Potential with 5 ACH for Certain Spaces with Reheat

Table 10: 8 ACH and 5 ACH Reheat Perecentage Hours On Tabulation

Location 8 ACH with Reheat - % hours ON 5 ACH Reheat - % hours ON
L11_01_Blood Processing Room 100 50.9
L11_01_Dark Room 100 983
L11_01_Entry Vestibule 100 100
L1_01_Freezer 58.1 829
L11_01_Fume Hood 100 100
L11_01_Linear Equipment 100 88.2
L11_01_Mass Spec Lab Large 7.5 0
L11_01_Mass Spec Lab Small 0 0
L11_01_Open Laboratory 98.5 43.7
L1_01_Tissue Culture 100 100
L1_01_Virus Room 100 100
L11_02_Blood Processing Room 100 58.8
L11_02_Entry Vestibule 100 100
L1_02_Freezer 18.4 0
L11_02_Fume Hood 100 100
L11_02_Linear Equipment 100 100
L11_02_Mass Spec Lab Small 93.7 100
L11_02_Open Laboratory 100 33.8
L11_02_Tissue Culture 100 88.9
L1_02_Virus Room 100 100
L11_03_Entry Vestibule 100 100
L11_03_Freezer 64 0
L11_03_Open Laboratory 100 3341
L11_04_Entry Vestibule 100 100
L11_04_Open Laboratory 99.3 57.2
L11_05_Open Laboratory 99.9 46.6
L11_06_Open Laboratory 100 53.3
L11_07_Open Laboratory 98.2 485
L11_08_Open Laboratory 100 3941
L11_09_Open Laboratory 100 34
L11_10_Open Laboratory 99.7 20.4
L11_11_Open Laboratory 98.9 415
L11_12_Open Laboratory 100 49
L11_13_Open Laboratory 100 40.7
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As part of the energy optimisation simulation exercise, methods to reduce reliance on the
reheat coils have been reviewed. A passive wrap around heat pipe coil provides the best
approach of introducing reheat downstream of the cooling without the need for an external
power source.

5.6 Minimise Dehumidification and Reheat Energy

A heat pipe is a device that efficiently transfers heat from a hot area to a cooler area using a
phase change process. It consists of a sealed metal tube containing a small amount of
working fluid, usually a liquid with a low boiling point like water or ammonia.

Heat pipes can improve energy efficiency by recovering waste heat from exhaust air and
transferring it to pre-cool or pre-heat incoming fresh air. This reduces the load on cooling
and heating equipment, leading to a lower energy consumption.

Pre-Cooling Coil Cooling Coil Heating Coil

—

— > = B — —_— —
Outside Air 25°C 22°C 13°C 18°C 18°C - 21°C
l_'l
Heat Pipe T Heat Pipe

Condensate Water

Figure 37: Heat Pipe Schematic Diagram

Figure 37 shows the assumption made for the heat pipes scenario. In theory the heat pipes
are ideal for this type of scenario. However, in practice, they may not perform as well due to
the need to install them within the AHU, where space constraints in the existing AHU room
could pose a challenge.

Furthermore, due to the location of the heat pipes where it is located centrally in the AHU, it
becomes difficult to maintain the space conditions in individual laboratory closely resulting
in all the laboratory areas overheating as shown in Table 11.
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Table 11: Temperature and RH Tabulation for 5 ACH with Reheat and Heat Pipes

Location Temperature (°C) - % hours in range RH (%) - % hours in range
<= 23 >23 to <=25 >25 <= 55 >55 to <=65 > 65

L1_01_Blood Processing Room 0 [l277 23 (oo 0 0
L11_01_Dark Room 0 79208 W 208 (WO 0 0
L1_01_Entry Vestibule 0 100 0 100 0 0
L1_01_Freezer 0 g7 W 223 (oo 0 0
L11_01_Fume Hood 0 100 0 100 0 0
L11_01_Linear Equipment 0 [7se 24 |DNGSZEN| o8 0
L11_01_Mass Spec Lab Large 0 0 .10 | 100 0 0
L11_01_Mass Spec Lab Small 0 0 . 10 | 10 0 0
L11_01_Open Laboratory 0 B 154  NShEN (oo 0 0
L11_01_Tissue Culture 0 [e@z Wkss (oo 0 0
L1_01_Virus Room 0 100 0 100 0 0
L1_02_Blood Processing Room 0 305 |[E9E (oo 0 0
L11_02_Entry Vestibule 0 100 0 100 0 0
L11_02_Freezer 0 699 W01 (vcoRN 0 0
L11_02_Fume Hood 0 100 0 100 0 0
L1M_02_Linear Equipment 0 100 0 100 0 0
L11_02_Mass Spec Lab Small 0 100 0 999 0.1 0
L11_02_Open Laboratory 0 0 131 [NEE9N (oo 0 0
L11_02_Tissue Culture 0 293 |0 (WNicom 0 0
L11_02_Virus Room 0 100 0 100 0 0
L11_03_Entry Vestibule 0 100 0 100 0 0
L1_03_Freezer 0 e W 22 999 0.1 0
L11_03_Open Laboratory 0 f ns |[NEgZ (oo 0 0
L11_04_Entry Vestibule 0 100 0 100 0 0
L11_04_Open Laboratory 0 [ 156 (NSZEN (Wvoo 0 0
L11_05_0Open Laboratory 0 B o147 [ 83 | 100 0 0
L1_06_Open Laboratory 0 M 169 NS (Moo 0 0
L11_07_Open Laboratory 0 [ 3 el (WiGom 0 0
L11_08_Open Laboratory 0 B s [NEZEN (Nicom 0 0
L11_09_Open Laboratory 0 0 122 [NE7EN (oo 0 0
L1_10_Open Laboratory 0 [ 72 52NN (oo 0 0
L1_11_Open Laboratory 0 f 102 [NESEN (WNiGow 0 0
L11_12_Open Laboratory 0 [ 155 [NSZEN |[NvooN 0 0
L1_13_Open Laboratory 0 0 125 sl Ncom 0 0
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6 Conclusion

Of the scenarios simulated, Scenario 4 presents the most desirable outcome for indoor
temperature and humidity.

Based on this, three key conclusions can be made:

1.

A lower, constant volume ACH is feasible but not at the initially proposed 4 ACH. A
further optimised airflow rate places the weighted average ACH that maintains space
temperature set point and humidity at peak load conditions at 4.17 ACH. During the
detailed design process, the lower minimum of each of the space can be assessed to
set the lowest possible ACH permitted by the code but still satisfy the cooling load. In
addition to this, a Facility Air Quality Monitoring system shall monitor the labs and
exhaust air streams and increase the ACH when air quality events occur.

Reheat coils are necessary for humidity control. In the scenarios that have been
simulated, the cases without reheat coils all observed zones experiencing high
humidity. Any consideration of system retrofit of should consider this.

Reheat coils are necessary for temperature control. While SS 641 allows for lower
ACH for labs, this is limited to a fixed rate of 4 ACH during occupied hours. As such,
the reheat coil system in this case would be necessary to modulate supply air
temperature in response to dynamic loads within the space.

With the introduction of the heat pipe, the results yielded spaces overheating due to the
higher supply air temperature that the reheat coils encounter on the inlet. Because the reheat
coil system cannot be eliminated as shown in the results of Scenario 4, a heat pipe would
not be recommended in conjunction with the existing HRU infrastructure.

With the implementation of the Aircuity system, the energy savings associated to reducing
the lab exhaust from 8 ACH to an average of 4.17 ACH is as follows:

Table 12: Facility Monitoring System Energy Savings

Baseline (8 ACH) Proposed (4.17 ACH) | Percentage
Reduction
L11 Lab ACMV Single
Pass System Annual 1,182,189 654,466 L4.6%
Energy Consumption
(kWh)

The savings above include chilled water, fan power, and reheat system energy savings.

It is recommended that the following activities are carried out before any retrofit work is
undertaken at the facility:

1.

Re-balancing of all airside systems to design airflows

2. Re-commissioning of all HRUs and reheat coil system
3. Re-balancing of chilled water distribution system.
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7 Costing

This section outlines the estimated costs associated with the project.

7.1 Scope of Costing

The objective of the exercise is to get an understanding of the Rough Order of Magnitude
(ROM) costs associated to the Facility Air Quality Monitoring System (System 1) and the
Demand Controlled Exhaust System (System 2). As the two systems can be installed and
operate independently of one another, the costing has been separated between System 1and
System 2.

ROM costing has been provided by Aircuity along with system schematics outlining a high
level scope of the project. During the costing exercise, it was found that the installation of
System 1 for the entirety of Level 11 was cost prohibitive, so the scope was reduced to
represent installation of the North Core only.

Facility Air Monitoring System (System 1) Scope

e Complete and operational Aircuity system
¢ Replacement of re-heat valves for Phoenix Controls
o Electrical contractor installation of all Aircuity equipment, structured
cable, and components
e Mechanical contractor installation of re-heat valves (assumes 1for 1
replacement, no piping, unions and drains)
e System startup and commissioning
Airflow reset and integration with the BMS for laboratory demand control
ventilation
Testing and balancing for all the VAVs / terminals units impacted by the project
Engineering
Project Management
Web-based analytics and performance platform.
Assurance Service - beginning with startup and ending 12 months after project
completion

Demand Controlled Exhaust System (System 2) Scope

¢ Install the Aircuity IAQ platform to measure TVOCs in the EF riser or plenum for 16
Lab Exhaust Fans (listed below)

e Develop and implement new EF sequence.
Enable dynamic EF control - modulating EF speed and discharge velocity based on
Aircuity TVOC readings.

¢ Integrate into existing BMS
Commission system

NUS MD6 Level 11 - Green Lab Feasibility Study Page | 50



Real impact,
made together.

7.2 Costing Summary

Below is a breakdown of the ROM costing associated to System 1 and System 2:

Facility Air Monitoring System (System 1) Scope

e Budgetary Project Cost $459,000 (SGD)
e Annual Energy Savings $76,734
o Simple Payback 5.6 Years

Demand Controlled Exhaust System (System 2) Scope

e Budgetary Project Cost $299,747 (SGD)
e Annual Energy Savings $245,509
e Simple Payback 1.3 Years

A breakdown of the budgetary proposals, scope, and exclusions may be found in Appendix E
- Aircuity Budgetary Pricing.
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8.1

Appendix A - Lighting Power Budget (LPB)
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S/N

Zone Name

Area
(m2)

Light Fitting
Type

Power
Consumption
per fitting
including
Driver/Balla
st Loss (W)

No. of
Fittin
gs

Total Power
Consumption
based on
fitting type
(W)
(CxE)

Current
Lighting
Power
Budget
(W/m2)

Improved
LPB (40%
reduction
from
Current)

(A)

(B)

(C)

(E)

(F

(F/A)

(W/m2)

L11_01_Open
Laboratory

82.1

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

30

1350

16W LED
Down Light

16

16.64

9.98

L11_02_0Ope
n
Laboratory

61.3

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

20

900

16W LED
Down Light

12

16.51

9.9

L11_03_0Ope
n
Laboratory

82.8

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

25

1125

16W LED
Down Light

10

160

15.52

9.31

L11_04_0Ope
n
Laboratory

68.2

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

20

900

16W LED
Down Light

144

15.31

9.18

L11_05_0pe
n
Laboratory

53.4

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

20

900

16W LED
Down Light

96

18.65

n.19

L11_06_0Ope
n
Laboratory

62.3

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

19

855

16W LED
Down Light

64

14.75

8.85

L1_07_0Ope
n
Laboratory

9.1

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

90

16.92

10.15
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16W LED
Down Light

64

L11_08_0pe
n
Laboratory

313

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

315

16W LED
Down Light

48

11.60

6.96

L11_09_Ope
n
Laboratory

55.6

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

20

900

16W LED
Down Light

96

17.91

10.75

L11_10_Open
Laboratory

68.2

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

20

900

16W LED
Down Light

144

15.31

9.18

L11_11_Open
Laboratory

82.1

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

30

1350

16W LED
Down Light

16

16.64

9.98

L11_12_Open
Laboratory

61.3

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

20

900

16W LED
Down Light

12

16.51

9.9

L11_13_0pen
Laboratory

82.7

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

25

1125

16W LED
Down Light

10

160

15.54

9.32

L1_01_Fum
e Hood

16.8

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

135

8.04

4.82

L11_02_Fum
e Hood

16.8

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

135

8.04

4.82

L11_01_Cold
Room

18.6

N.A.

L11_02_Cold
Room

18.6

N.A.

L11_01_Free
zer

313

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

270

8.63

5.18
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19 L11_02_Free | 38.4 F5 (LED)- 45 9 405 10.55 6.33
zer 2x22.5W LED
Ceiling
Recess
Mounted
20 L11_03_Free 3.4 F5 (LED)- 45 6 270 8.60 5.16
zer 2x22.5W LED
Ceiling
Recess
Mounted
21 L11_01_Bact 9.8 F5 (LED)- 45 4 180 18.37 11.02
erial/Yeast 2x22.5W LED
(Blood Ceiling
Processing Recess
Room) Mounted
22 L11_02_Bact 9.7 F5 (LED)- 45 4 180 18.56 113
erial/Yeast 2x22.5W LED
(Blood Ceiling
Processing Recess
Room) Mounted
23 L1_01_Tissu | 49.7 F5 (LED)- 45 20 900 18.11 10.87
e Culture 2x22.5W LED
Ceiling
Recess
Mounted
24 L11_02_Tiss 49.8 F5 (LED)- 45 20 900 18.07 10.84
ue Culture 2x22.5W LED
Ceiling
Recess
Mounted
25 L1_01_Virus | 16.5 F5 (LED)- 45 3 135 8.18 491
Room 2x22.5W LED
Ceiling
Recess
Mounted
26 L11_02_Viru 16.4 F5 (LED)- 45 3 135 8.23 4.94
s Room 2x22.5W LED
Ceiling
Recess
Mounted
27 L11_01_FAC 15.7 F5 (LED)- 45 6 270 17.20 10.32
S (Mass 2x22.5W LED
Spec Lab Ceiling
Small) Recess
Mounted
28 L11_02_FAC 15.7 F5 (LED)- 45 6 270 17.20 10.32
S (Mass 2x22.5W LED
Spec Lab Ceiling
Small) Recess
Mounted
29 L1_01_Entry 7.6 16W LED 16 2 32 4.21 2.53
Vestibule Down Light
30 L1_02_Entry 49 16W LED 16 2 32 6.53 3.92
Vestibule Down Light
31 L1_03_Entry 8.8 16W LED 16 2 32 3.64 2.18
Vestibule Down Light
32 L1_04_Entry 7.6 16W LED 16 2 32 4.21 2.53
Vestibule Down Light
33 L11_01_AHU 19.6 2 0 0.00 5.00
Room
34 L11_02_AHU 20 2 0 0.00 5.00
Room
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35

L11_01_Stair
case

25.7

1x54W T5
Ceiling
&Ground
Recessed
Rectangular
Linear
Luminaire?

54

108

4.20

2.52

36

L11_02_Stair
case

27.8

1x54W T5
Ceiling
&Ground
Recessed
Rectangular
Linear
Luminaire?

54

108

3.88

2.33

37

L11_03_Stair
case

24.6

1x54W T5
Ceiling
&Ground
Recessed
Rectangular
Linear
Luminaire?

54

108

4.39

2.63

38

L11_01_Smo
ke Stop
Lobby

7.2

52

52

7.22

4.33

39

L11_02_Smo
ke Stop
Lobby

1.4

2A - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

52

7.03

4.22

L11_01_Corri
dor Office

31

2A - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

260

D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

10

520

F7A - 1x28W
T5 Recessed
Trimless
Luminaire

28

196

31.48

18.89

L11_02_Corr
idor Office

50.9

2A - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

10

520

D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

12

624

F7A - 1x28W
T5 Recessed
Trimless
Luminaire

28

10

280

27.98

16.79

42

L11_01_Corri
dor

28.4

2A - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

468

16.48

9.89
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L11_02_Corr
idor

27.7 2A - 2x26W 52 8 416
PLC
Recessed
Fluorescent
Downlight
D2 - 2x26W 52 2 104
PLC
Recessed
Fluorescent
Downlight
F7A - 1x28W 28 6 168
T5 Recessed
Trimless
Luminaire

24.84

14.90

L11_03_Corr
idor

30.7 2A - 2x26W 52 6 312
PLC
Recessed
Fluorescent
Downlight
F7A - 1x28W 28 7 196
T5 Recessed
Trimless
Luminaire

16.55

9.93

45

L11_04_Corr
idor

18.6 2A - 2x26W 52 5 260
PLC
Recessed
Fluorescent
Downlight

13.98

8.39

L11_01_Mass
Spec Lab
Large

49.4 F5 (LED)- 45 15 675 19.98
2x22.5W LED
Ceiling
Recess
Mounted
D2 - 2x26W 52 6 312
PLC
Recessed
Fluorescent

Downlight

11.99

L11_01_Line
ar
Equipment
Area

375 16W LED 16 9 144

Down Light

3.84

2.30

L11_02_Line
ar
Equipment
Area

411 16W LED 16 9 144
Down Light

3.50

2.10

49

L11_01_Stor
e

14 D2 - 2x26W 52 3 156
PLC
Recessed
Fluorescent
Downlight

N4

6.69

L1_02_Stor
e

171 F5 (LED)- 45 4 180
2x22.5W LED
Ceiling
Recess
Mounted
D2 - 2x26W 52 2 104
PLC
Recessed
Fluorescent
Downlight

16.61

9.96
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51

L11_01_Fire
Fighting
Lobby

29

F7A - 1x28W
T5 Recessed
Trimless
Luminaire

28

16

448

15.45

9.27

52

L11_01_Wire
Centre

12

W1 - 2x28W
T5
Weatherproo
f Wall-
mounted
Fluorescent

56

n2

9.33

5.60

53

L1_01_MEP
Riser

1.3

2x28W T5
Wall
mounted
fluorescent
fitting

56

12

9.9

5.95

54

L1_02_MEP
Riser

1.5

2x28W T5
Wall
mounted
fluorescent
fitting

56

12

14.93

8.96

55

L11_01_Offic
e

18.8

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

180

D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

104

15.1

9.06

56

L11_02_Offic
e

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

180

D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

104

16.7

10.02

57

L11_03_Offic
e

17.4

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

180

D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

104

16.32

9.79

58

L11_04_Offic
e

14.3

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

135

D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

104

16.71

10.03

59

L1_05_0ffic
e

1.4

F5 (LED)-
2x22.5W LED
Ceiling

45

90

17.02

10.21
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Recess
Mounted

D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

104

60

L1_06_0Offic
e

14.2

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

180

D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

104

20.00

12.00

61

L11_07_Offic
e

171

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

180

D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

104

16.61

9.96

62

L11_08_0ffic
e

17.7

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

180

D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

104

16.05

9.63

63

L11_09_Offic
e

16.6

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

180

D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

104

17.1

10.27

64

L11_10_Offic
e

17.1

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

180

D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

104

16.61

9.96

65

L1_11_Office

16.8

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

180

16.90

10.14
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D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

104

66

L11_01_Lobb
y/Lounge

50.9

F4A - 1x28W
T5 Recessed
Trimless
Luminaire

28

252

F7A - 1x28W
T5 Recessed
Trimless
Luminaire

28

224

9.35

67

L11_02_Lob
by/Lounge

74.7

F4A - 1x28W
T5 Recessed
Trimless
Luminaire

28

252

F7A - 1x28W
T5 Recessed
Trimless
Luminaire

28

13

364

2A - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

260

1.73

7.04

68

L11_01_Meet
ing Room

45.4

F5 (LED)-
2x22.5W LED
Ceiling
Recess
Mounted

45

12

540

2A - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

12

624

25.64

15.38

69

L11_01_Servi
ce Lift
Lobby

35.5

2A - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

10

520

14.65

8.79

70

L11_01_Toile
t

53.6

D1- 2x18W
PLC
Recessed
Compact
Fluorescent
Downlight

36

16

576

D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

52

1.72

7.03

il

L11_01_Dark
Room

8.9

D2 - 2x26W
PLC
Recessed
Fluorescent
Downlight

52

52

5.84

3.51
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Description Equipment Watts Reference sourced from Section/
Type per unit Room
Desc
Lenovo ThinkPad | Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6-11-
P15v G3 value 02L
HIGH CONTENT Analyzer 44 ASHRAE Fundamentals Handbook - Table 7 NTH
CELL ANALYSIS Electrochemical analyzer NORTH
SYSTEM HCS
ROOM
THERMO Centrifuge 350 50158527-g-Sorvall X Pro-ST Plus-en.pdf 1TH
SCIENTIFIC (thermofisher.com) NORTH
SORVALL ST4R HCS
PLUS, 240V ROOM
BENCHTOP
STERI-CYCLE Cco2 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
INCUBATOR Incubator Operating And Maintenance Manual [Page 26] | NORTH
HEPA FILTERED ManualsLib HCS
C02T/C 230V ROOM
SORVALL Microcentrifu 300 Sorvall Legend Micro 21R - Thermo Scientific NTH
LEGEND MICRO ge Sorvall Legend Micro Series Instruction Manual | NORTH
21R [Page 17] | ManualsLib HIGH
MICROCENTRIFU CONTENT
GE SCREENI
NG (HCS)
ROOM
COUNTLESS 1l Automated 0 (Low Impact) NTH
INSTRUMENT cell counter NORTH
(AMQAX2000) HIGH
CONTENT
SCREENI
NG (HCS)
ROOM
Integra VIAFILL Reagent 0 (Low Impact) MD6, 1IN,
Dispenser dispenser HCS
Room
OLYMPUS 0 (Low Impact) MDé, NTH
INVERTED NORTH
MICROSCOPE: HIGH
CKX53 CONTENT
SCREENI
NG (HCS)
ROOM
13 inch MacBook | Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6,
Pro - Space Grey value Level 11N,
with an upgrade Bioinform
atics area
GELMAN Fumehood 0 (Low Impact) MDé,
BIOESSENTIAL LEVEL
CLASS I TYPE NTH
A2 BIOLOGICAL NORTH
HCS
ROOM
MACBOOK PRO Laptop 53 ASHRAE Fundamentals Handbook - averaged 11 NORTH
13# RETINA value BENCH 1
DISPLAY 3.0GZ
CHEF MAPPER 0 (Low Impact) NTH 11-
XA CHILLER 01N
SYSTEM BENCH 1
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CO2 INCUBATOR | CO2 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
Incubator Operating And Maintenance Manual [Page 26] | NORTH
ManualsLib TISSUE
CULTURE
ROOM
DELL CPU 450 Dell R430 Tech Specs | PowerEdge R430 | NTH
POWEREDGE SaveMyServer SOUTH PC
R430 SERVER ROOM
DELL STORAGE 0 (Low Impact) NTH
MD1400 12 HDS SOUTH PC
RACKMOUNT ROOM
DELL LATITUDE Laptop 53 ASHRAE Fundamentals Handbook - averaged
E5450 value
MACBOOK PRO Laptop 53 ASHRAE Fundamentals Handbook - averaged
13INCH RETINA value
DISPLAY 2.70G6Z
(MF840)
MACBOOK PRO Laptop 53 ASHRAE Fundamentals Handbook - averaged
13INCH RETINA value
DISPLAY 2.70G6Z
(MF840)
MACBOOK PRO Laptop 53 ASHRAE Fundamentals Handbook - averaged
13 (MPXW?2) value
MACBOOK PRO Laptop 53 ASHRAE Fundamentals Handbook - averaged
13 INCH value
LENOVO Laptop 53 ASHRAE Fundamentals Handbook - averaged 11-02J
THINKPAD X230T value
LENOVO Laptop 53 ASHRAE Fundamentals Handbook - averaged 11-02J
THINKPAD X260 value
Notebook Laptop 53 ASHRAE Fundamentals Handbook - averaged 11-02J
ThinkPad X1 value
Carbon G11
21HNCTO1
FUJITSU Laptop 53 ASHRAE Fundamentals Handbook - averaged NMTH
LIFEBOOK S936 value SOUTH
(NON-TOUCH
DISPLAY TOUCH
AS
THERMO FORMA | C02 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
WATER Incubator Operating And Maintenance Manual [Page 26] | SOUTH -
JACKETED C02 ManualsLib TISSUE
INCUBATOR CULTURE
ROOM
THERMO FORMA | C02 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
WATER Incubator Operating And Maintenance Manual [Page 26] | SOUTH -
JACKETED C02 ManualsLib TISSUE
INCUBATOR CULTURE
ROOM
SANYO MEDICAL | Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 1MTH
FREEZER -20 Manual [Page 28] | ManualsLib SOUTH
BENCH 1
SANYO Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 1MTH
BIOMEDICAL Manual [Page 28] | ManualsLib SOUTH
FREEZER BENCH 1
MODEL: MDF
U537 -20
KIRSCH Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - 1TH
SPECZIAL 468 KIRSCH pharmaceutical refrigerators, blood SOUTH
LAB bank refrigerators, blood plasma freezers BENCH 1A
REFRIGERATOR laboratory refrigerators, laboratory freezers
4 DEGREES (kirsch-medical.com)
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T100 THERMAL Thermal 164 System Specifications - Applied Biosystems 1TH
CYCLER Cycler SimpliAmp Thermal Cycler User Manual [Page SOUTH
65] [ ManualsLib BENCH
22B
ENVISION 0 (Low Impact) 1MTH
MULTILABEL SOUTH
READER BENCH
22B
ENVISION 0 (Low Impact) 1MTH
MULTILABEL SOUTH
READER BENCH
22B
BODIPY TMR FP 0 (Low Impact) 1TH
D555 SINGLE SOUTH
MIRROR BENCH
22B
REFRIGERATED Centrifuge 350 Eppendorf 5424R Refrigerated Centrifuge | NTH
CENTRIFUDGE Marshall Scientific SOUTH
5424R BENCH
23A
EPPENDORF Centrifuge 350 Eppendorf 5424R Refrigerated Centrifuge | NTH
CENTRIFUGE Marshall Scientific SOUTH
5424R BENCH
24A
SANYO MDF Freezer (-20) 205 Performance - Phcbhi MDF-U5312 Operating 1TH
U5312 Instructions Manual [Page 30] | ManualsLib SOUTH
BIOMEDICAL BENCH
FREEZER -20 2B
PHILIPP KIRSCH | Refrigerator 58.3 Laboratory Refrigerator SPEZIAL -468 - NMTH
REFRIGERATOR KIRSCH pharmaceutical refrigerators, blood SOUTH
(SPECIAL-468) bank refrigerators, blood plasma freezers BENCH
4LDEGREES laboratory refrigerators, laboratory freezers 3A
(kirsch-medical.com)
PHILIPP KIRSCH | Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - 1TH
REFRIGERATOR KIRSCH pharmaceutical refrigerators, blood SOUTH
(SPECIAL-468) 4 bank refrigerators, blood plasma freezers BENCH
DEGREE laboratory refrigerators, laboratory freezers 6A
(kirsch-medical.com)
UPRIGHT ULTRA (Freezer Room power consumption - taken NMTH
LOW from VRF schematic) SOUTH
TEMPERATURE FREEZER
FREEZER ROOM
UPRIGHT ULTRA (Freezer Room power consumption - taken NMTH
LOW from VRF schematic) SOUTH
TEMPERATURE FREEZER
FREEZER ROOM
KIRSCH (Freezer Room power consumption - taken 1TH
SPECZIAL 468 from VRF schematic) SOUTH
LAB FREEZER
REFRIGERATOR ROOM
4 DEGREES
THERMO Cco2 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
SCIENTIFIC(FOR | Incubator Operating And Maintenance Manual [Page 26] | SOUTH
MA) STERI- ManualsLib TISSUE
CYCLE CO2 CULTURE
INCUBATOR ROOM
CO2 INCUBATOR | CO2 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
Incubator Operating And Maintenance Manual [Page 26] | SOUTH
ManualsLib TISSUE
CULTURE
ROOM
DELL LATITUDE Laptop 53 ASHRAE Fundamentals Handbook - averaged 1TH
E5440 value SOUTH,
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Bench
22B
13 inch Laptop 53 ASHRAE Fundamentals Handbook - averaged NTH
MACBOOK PRO value SOUTH,
(MPXW2) Bench
22B
TOSHIBA TECRO | Laptop 53 ASHRAE Fundamentals Handbook - averaged 1TH
Z40 (SSD) value SOUTH,
Bench
23B
HP EliteBook Laptop 53 ASHRAE Fundamentals Handbook - averaged L11-02
x3601040 G8 value
Supermicro CPU 155 5039A-i | SuperWorkstation | Products | Super | MDé
SuperWorkstatio Micro Computer, Inc. Level 11 -
n 5039A-i Bioinform
atics Core
Facility
Supermicro CPU 155 5039A-i | SuperWorkstation | Products | Super | MDé
SuperWorkstatio Micro Computer, Inc. Level 11 -
n Bioinform
atics Core
Facility
IMAC 21.5 Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6-11-
value 02H
MacBook Air 13.6 | Laptop 53 ASHRAE Fundamentals Handbook - averaged
MDN/10C GPU, value
M2 CHIP WITH
8C CPU
LENOVO Laptop 53 ASHRAE Fundamentals Handbook - averaged 11 South
THINKPAD T470S value Bench
25A
LENOVO Laptop 53 ASHRAE Fundamentals Handbook - averaged
THINKPAD T470S value
DELL LATITUDE Laptop 53 ASHRAE Fundamentals Handbook - averaged
E5440 value
TOSHIBA Laptop 53 ASHRAE Fundamentals Handbook - averaged
PORTEGE 730 value
V520636SG - Laptop 53 ASHRAE Fundamentals Handbook - averaged 11 North
DELL VOSTRO value Bench 6A
3360
LeicaBiosystems | Autostainer 0 (Low Impact) 11 South
AXL 230- Histology
240V/50-60 Hz room
FUJITSU Laptop 53 ASHRAE Fundamentals Handbook - averaged 11S Bench
LIFEBOOK U938 value 21A
THERMO FORMA | C02 451 NTH
STERI-CYCLE Incubator NORTH -
CO02 INCUBATOR TISSUE
MODEL: 371 CULTURE
ROOM
GFL SHAKER Orbital 16 ASHRAE Fundamentals Handbook - Table 7 1TH
Shaker Orbital Shaker NORTH -
BENCH 2
MYCYCLER WITH | Thermal 200 Appendix A Specifications - BIO RAD MyCycler 1TH
GRADIENT Cycler Instruction Manual [Page 41] | ManualsLib NORTH -
UPGRADE BENCH 5
THERMO (Freezer Room power consumption - taken NTH
SCIENTIFIC from VRF schematic) NORTH -
(FORMA) FREEZER
ULTRALOW ROOM
TEMP FREEZER
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THERMO FORMA | C02 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
STERI-CYCLE Incubator Operating And Maintenance Manual [Page 26] | NORTH -
CO02 INCUBATOR ManualsLib TISSUE
CULTURE
ROOM
THERMO FORMA | C02 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
STERI-CYCLE Incubator Operating And Maintenance Manual [Page 26] | NORTH -
C02 INCUBATOR ManualsLib TISSUE
CULTURE
ROOM
THERMO FORMA | C02 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
STERI-CYCLE Incubator Operating And Maintenance Manual [Page 26] | NORTH -
C02 INCUBATOR ManualsLib TISSUE
CULTURE
ROOM
SANYO MEDICAL | Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 1MTH
FREEZER (MDF Manual [Page 28] | ManualsLib NORTH
U537) -20 BENCH 1
SANYO Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 1MTH
BIOMEDICAL Manual [Page 28] | ManualsLib NORTH
FREEZER: BENCH 1
MODEL MDF
U537 -20
KIRSCH Refrigerator 58.3 Laboratory Refrigerator SPEZIAL -468 - 1TH
SPECZIAL 468 KIRSCH pharmaceutical refrigerators, blood NORTH
LAB bank refrigerators, blood plasma freezers BENCH 1
REFRIGERATOR laboratory refrigerators, laboratory freezers
4 DEGREES (kirsch-medical.com)
KIRSCH Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - NTH
SPECZIAL 468 KIRSCH pharmaceutical refrigerators, blood NORTH
LAB bank refrigerators, blood plasma freezers BENCH 1
REFRIGERATOR laboratory refrigerators, laboratory freezers
4 DEGREES (kirsch-medical.com)
LAB Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - 1TH
REFRIGERATOR KIRSCH pharmaceutical refrigerators, blood NORTH
460 LITRES 4 bank refrigerators, blood plasma freezers BENCH
DEGREES laboratory refrigerators, laboratory freezers 13B
(kirsch-medical.com)
FLOOR Centrifuge 350 Eppendorf 5424R Refrigerated Centrifuge | 1TH
STANDING Marshall Scientific NORTH
REFRIGERATED BENCH
CENTRIFUGE 13B
SANYO Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 1MTH
BIOMEDICAL Manual [Page 28] | ManualsLib NORTH
FREEZER: BENCH 2
MODEL MDF
U537 -20
SANYO MDF Freezer (-20) 205 Performance - Phcbhi MDF-U5312 Operating 1TH
U5312 Instructions Manual [Page 30] | ManualsLib NORTH
BIOMEDICAL BENCH 2
FREEZER -20
AUTOMATED 0 (Low Impact) NTH
CELL COUNTER NORTH
BENCH 2
LENOVO Laptop 53 ASHRAE Fundamentals Handbook - averaged NTH
THINKPAD X13 value NORTH
BENCH 3
UPGRADE OF 0 (Low Impact) NTH
OLYMPUS BX43 NORTH
BENCH 5
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HIGH SPEED Microcentrifu 300 Sorvall Legend Micro 21R - Thermo Scientific 1TH
REFRIGERATED ge Sorvall Legend Micro Series Instruction Manual | NORTH
MICROCENTRIFU [Page 17] | ManualsLib BENCH
GE (MX305) 5A
LAB Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - NTH
REFRIGERATOR KIRSCH pharmaceutical refrigerators, blood NORTH
MODEL:SPEZIAL bank refrigerators, blood plasma freezers BENCH
-468 4 DEGREES laboratory refrigerators, laboratory freezers 6A
(kirsch-medical.com)
MEDICAL Refrigerator 59.3 Laboratory Refrigerator SPEZIAL-468 - 1TH
FRIDGE UPRIGHT KIRSCH pharmaceutical refrigerators, blood NORTH
4 DEGREES bank refrigerators, blood plasma freezers BENCH
laboratory refrigerators, laboratory freezers 6A
(kirsch-medical.com)
SANYO Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 1MTH
BIOMEDICAL Manual [Page 28] | ManualsLib NORTH
FREEZER: BENCH
MODEL MDF 6A
U537 -20
THE BELLY Orbital 16 ASHRAE Fundamentals Handbook - Table 7 1TH
DANCER Shaker Orbital Shaker NORTH
SHAKER CoLD
LABORATORY ROOM
UPRIGHT ULTRA | Freezer (Freezer Room power consumption - taken NTH
LOW FREEZER (- from VRF schematic) NORTH
80 DEGREES) FREEZER
ROOM
-85 FREEZER Freezer (Freezer Room power consumption - taken NTH
from VRF schematic) NORTH
FREEZER
ROOM
Advanced Cell Hybridization 155 Biotechne ACD HybEZ Il User Manual (Page 18 1MTH
Diagnostics system of 30) | ManualsLib SOUTH
hybez BENCH
hybridization 20B
-80 UPRIGHT Freezer (Freezer Room power consumption - taken NMTH
FREEZER from VRF schematic) SOUTH
FREEZER
ROOM
FUJITSU Laptop 53 ASHRAE Fundamentals Handbook - averaged Level 11
LIFEBOOK S937 value North,
bench no
10
HP EliteBook Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6 11
640G9 value North
Bench 2
Lenovo Thinkpad | Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6, 11
X13 Gen 2,13.3" value North,
Intel Core i7-118 Bench 1
DELL LATITUDE Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6, 11
E5440 value North,
Bench 1A
FUJITSU Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6, 11
LIFEBOOK U938 value North,
Bench 1A
FUJITSU Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6, 11
LIFEBOOK S937 value North,
Bench 1B
Lenovo Thinkpad | Laptop 53 ASHRAE Fundamentals Handbook - averaged MDé, 11
X13 Gen 2, 13.3" value North,
Intel Core i7-118 Bench 1B
DELL LATITUDE Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6-11-
E5440 value 02G (With
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Wang
Ling Zhi)
DELL LATITUDE Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6-11-
E5440 value 026G (With
Wang
Ling Zhi)
LENOVO Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6-11-
THINKPAD X1 value 02G (With
EXTREME Wang
Ling Zhi)
MACBOOK PRO Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6
15 2.7GHz value Level 11
LENOVO Laptop 53 ASHRAE Fundamentals Handbook - averaged
THINKPAD X1 value
EXTREME
COUNTLESS 3 0 (Low Impact)
AUTOMATED
CELL COUNTER
EPPENDORF Centrifuge 350 Eppendorf 5424R Refrigerated Centrifuge | 11S Bench
CENTRIFUDGE Marshall Scientific 17A
5424R
AGILENT 2100 Bioanalyzer 60 https://hpst.cz/sites/default/files/download/202 | 1ITH
BIOANALYZER system 0/11/5991-3323en-low.pdf SOUTH -
DESKTOP BLOOD
SYSTEM PROCESSI
NG ROOM
BIORUPTOR (Freezer Room power consumption - taken 1TH
(SONICATION from VRF schematic) SOUTH
SYSTEM) FREEZER
ROOM
COVARIS (Freezer Room power consumption - taken 1TH
from VRF schematic) SOUTH
FREEZER
ROOM
14-inch MacBook | Laptop 53 ASHRAE Fundamentals Handbook - averaged Level 11
Pro - Space value
Black M3 Pro
18GB 512G
14-inch MacBook | Laptop 53 ASHRAE Fundamentals Handbook - averaged Level 11
Pro - Space value
Black M3 Pro
18GB 512G
ASUS TP470E Laptop 53 ASHRAE Fundamentals Handbook - averaged Level 11
NOTEBOOK value South
(90NBOSO1TP4) Bench 18A
ACER SWIFT 5 Laptop 53 ASHRAE Fundamentals Handbook - averaged Level 11,
value outside
1-02J
Acer Travelmate | Laptop 53 ASHRAE Fundamentals Handbook - averaged Level 11,
P614 Business value outside
Laptop 11-02J
14-inch MacBook | Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6
Pro - Space Grey value LEVEL 1
BIOINFO
ROOM
Lenovo Laptop 53 ASHRAE Fundamentals Handbook - averaged MDé level
ThinkStation value 11 South
P340
Workstation
PRECISION 5820 | Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6-11-
TOWER value 02H
LINUX DESKTOP | Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6-11-
value 02M
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MACBOOK GOLD | Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6-11-
value 02M
Lemur Pro Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6-11-
(lemp12) + value 02M
Launch
(launch_2)
Keyboard
Dell Latitude Laptop 53 ASHRAE Fundamentals Handbook - averaged 1 north
5330-Touch value bench 10
notebook
DELL LATITUDE Laptop 53 ASHRAE Fundamentals Handbook - averaged 11 North
E5440 value bench 9B
KIRSCH Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - NTH
SPECZIAL 468 KIRSCH pharmaceutical refrigerators, blood NORTH
LAB bank refrigerators, blood plasma freezers LINEAR
REFRIGERATOR laboratory refrigerators, laboratory freezers EQUIPME
4 DEGREES (kirsch-medical.com) NT AREA
MEDICAL Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - 1TH
FRIDGE UPRIGHT KIRSCH pharmaceutical refrigerators, blood NORTH
4 DEGREES bank refrigerators, blood plasma freezers OPP
laboratory refrigerators, laboratory freezers BENCH 10
(kirsch-medical.com)
Dell Latitude Laptop 53 ASHRAE Fundamentals Handbook - averaged CSl Level
5330-Touch value n
notebook
GelDoc Go Gel (Freezer Room power consumption - taken 11 North
Imaging System from VRF schematic) Freezer
with Image Lab Room
Infors Incubator (Freezer Room power consumption - taken 11 North
Shaker Minitron from VRF schematic) Freezer
room
Infors Incubator (Freezer Room power consumption - taken 11 North
Shaker Minitron from VRF schematic) Freezer
room
(ND/NanoDrop0 (Freezer Room power consumption - taken 11 North
ne-W) from VRF schematic) Freezer
NanoDrop™ One room
(NDOne)
DELL LATITUDE Laptop 53 ASHRAE Fundamentals Handbook - averaged 11 South
E5440 value
ASUS Laptop 53 ASHRAE Fundamentals Handbook - averaged 11 South
ExpertBook B5 value
B5402CVA (Non-
touch)
Water 0 (Low Impact) 11 South
Purification
System, HALIOS
ID
PHCbi (Formerly | Freezer 220 MDF-C2156VAN | Cryogenic Ultra Low Freezer | | 11 South
Panasonic) - PHCbi (phchd.com
150°C Ultra-Low
Lenovo ThinkPad | Laptop 53 ASHRAE Fundamentals Handbook - averaged 11 South
L14 value Bench
25B
ChemiDoc™ (Freezer Room power consumption - taken 11 South
Imaging System from VRF schematic) freezer
room
Infors Incubator (Freezer Room power consumption - taken 11 South
Shaker Minitron from VRF schematic) Freezer
room
Infors Incubator (Freezer Room power consumption - taken 11 South
Shaker Minitron from VRF schematic) Freezer
room
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(ND/NanoDrop0 (Freezer Room power consumption - taken 11 South
ne-W) from VRF schematic) Freezer
NanoDrop™ One room
(NDOne
ULT -80 degC (Freezer Room power consumption - taken 11 South
Laboratory from VRF schematic) Freezer
Freezer (Large; > room
700Litre
ULT -80 degC (Freezer Room power consumption - taken 11 South
Laboratory from VRF schematic) Freezer
Freezer (Large; > room
700Litre
Differential 0 (Low Impact) 11-01G
pressure
monitor
LAB Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - 1IN TCR
REFRIGERATOR KIRSCH pharmaceutical refrigerators, blood
bank refrigerators, blood plasma freezers
laboratory refrigerators, laboratory freezers
(kirsch-medical.com)
Biobase Fumehood 0 (Low Impact) 1S
fumehood Histology
room
GELMAN Fumehood 0 (Low Impact) 11S Tissue
BioGUARD Culture
CLASS II TYPE Room
A2 BIOLOGICAL
SAFETY
GELMAN Fumehood 0 (Low Impact) 11S Tissue
BioGUARD Culture
CLASS II TYPE Room
A2 BIOLOGICAL
SAFETY
CUSTOM Laptop 53 ASHRAE Fundamentals Handbook - averaged 11S, Bench
WORKSTATION value 18B.
PC
7900HT SDS PCR System 95 Specification Sheet: ProFlex PCR System 1TH
384-well block (thermofisher.com) NIRTH -
upgrade Kit BENCH 13
(4331406)
ABI PRISM PCR System 95 Specification Sheet: ProFlex PCR System 1TH
T900HT FAST (thermofisher.com) NORTH -
REAL-TIME PCR BENCH 13
SYSTEM
Uv-VviIS Spectrophoto 121 ASHRAE Fundamentals Handbook - NTH
SPECTROPHOTO | meter Spectrophotometer NORTH -
METER BENCH
13B
FUME 0 (Low Impact) 1TH
CUPBOARD NORTH -
CHEMICA
L ROOM
FUME 0 (Low Impact) 1TH
CUPBOARD NORTH -
CHEMICA
L ROOM
GELMAN CLASS (Freezer Room power consumption - taken NMTH
100 SERIES from VRF schematic) NORTH -
LAMINAR FLOW FREEZER
CABINETS ROOM
HOSHIZAKI FM- ICE FLAKE 1325 Dimensions/Specifications; [A] - Hoshizaki FM- | 11TH
251 AFE ICE MACHINE 251AFE Service Manual [Page 7] | ManualsLib NORTH -
FLAKE MACHINE
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FREEZER
ROOM
CLASSI100 (Freezer Room power consumption - taken NTH
HORIZONTAL from VRF schematic) NORTH -
LAMINAR FLOW FREEZER
CABINET W ROOM
SUPPORT
CRYOGENIC (Freezer Room power consumption - taken NMTH
SYSTEM from VRF schematic) NORTH -
FREEZER
ROOM
GELMAN Fumehood 0 (Low Impact) 1MTH
BENCHTOP NORTH -
CLASS II TYPE TISSUE
A2 BIOLOGICAL CULTURE
SAFETY ROOM
THERMO Centrifuge 350 Sorvall ST 8 Compact Centrifuge Series 1TH
SCIENTIFIC Brochure (thermofisher.com) NORTH -
(SORVALL) TISSUE
REFRIGERATED CULTURE
TABLE TOP ROOM
FORMA STERI- Co2 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
CYCLE C02 Incubator Operating And Maintenance Manual [Page 26] | NORTH -
INCUBATOR T/C ManualsLib TISSUE
C02 SENSER CULTURE
ROOM
FORMA STERI- Co2 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
CYCLE C02 Incubator Operating And Maintenance Manual [Page 26] | NORTH -
INCUBATOR T/C ManualsLib TISSUE
C02 SENSER CULTURE
ROOM
GELMAN Cc02 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
BENCHTOP Incubator Operating And Maintenance Manual [Page 26] | NORTH -
CLASS Il TYPE ManualsLib TISSUE
A/B3 CULTURE
BIOLOGICAL ROOM
OLYMPUS 0 (Low Impact) NTH
INVERTED NORTH -
LABORATORY TISSUE
MICROSCOPE CULTURE
ROOM
C02 INCUBATOR | CO2 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
Incubator Operating And Maintenance Manual [Page 26] | NORTH -
ManualsLib TISSUE
CULTURE
ROOM
BSL2 TYPE A/B3 | Fumehood 0 (Low Impact) NTH
BIOLOGICAL NORTH -
SAFETY CABINET TISSUE
CULTURE
ROOM
THERMO FORMA | C02 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
STERI-CYCLE Incubator Operating And Maintenance Manual [Page 26] | NORTH -
CO02 INCUBATOR ManualsLib TISSUE
CULTURE
ROOM
BENCHTOP Fumehood 0 (Low Impact) 1MTH
CLASS II TYPE NORTH -
A/B3 TISSUE
BIOLOGICAL CULTURE
SAFETY ROOM
LOW SPEED Centrifuge 350 Eppendorf 5424R Refrigerated Centrifuge | NMTH
CENTRIFUGE Marshall Scientific NORTH -
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oot
TISSUE
CULTURE
ROOM
GELMAN Fumehood 0 (Low Impact) 1MTH
BIOLOGICAL NORTH -
SAFETY CABINET TISSUE
3FT BH90 CULTURE
ROOM
F03-371- Cc02 2760 Thermo Scientific Forma 371 Steri Cycle C02 1TH
THERMO MODEL | Incubator Incubator; TC 230 from Cole-Parmer NORTH -
371C02 (coleparmer.com) TISSUE
INCUBATOR CULTURE
ROOM
CLASS I Fumehood 0 (Low Impact) 1MTH
BIOLOGICAL NORTH -
SAFETLY TISSUE
CABINENT 3 CULTURE
FOOT ROOM
BENCHTOP Fumehood 0 (Low Impact) 1MTH
CLASS II TYPE NORTH -
A/B3 TISSUE
BIOLOGICAL CULTURE
SAFETY ROOM
BENCHTOP Fumehood 0 (Low Impact) 1MTH
CLASS II TYPE NORTH -
A/B3 TISSUE
BIOLOGICAL CULTURE
SAFETY ROOM
OLYMPUX CKX53 0 (Low Impact) NTH
CELL CULTURE NORTH -
MICROSCOPE TISSUE
CULTURE
ROOM
HIGH SPEED Microcentrifu 300 Sorvall Legend Micro 21R - Thermo Scientific 1TH
REFRIGERATED ge Sorvall Legend Micro Series Instruction Manual | NORTH
MICROCENTRIFU [Page 17] | ManualsLib BENCH
GE MX-305 10B
SANYO Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 1MTH
BIOMEDICAL Manual [Page 28] | ManualsLib NORTH
FREEZER: BENCH 13
MODEL MDF
U537 -20
SANYO Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 1MTH
BIOMEDICAL Manual [Page 28] | ManualsLib NORTH
FREEZER: BENCH
MODEL MDF 13B
U537 -20
TECAN INFINITE 0 (Low Impact) NTH
M200 NORTH
MICROPLATE BENCH
READER (INCL 13B
SW+PC)
C1000 Touch Thermal 164 System Specifications - Applied Biosystems 1TH
Cycler with 96- Cycler SimpliAmp Thermal Cycler User Manual [Page NORTH
deep well 65] | ManualsLib BENCH
reaction 13B
C1000 Touch Thermal 164 System Specifications - Applied Biosystems 1TH
Cycler with 96- Cycler SimpliAmp Thermal Cycler User Manual [Page NORTH
deep well 65] | ManualsLib BENCH
reaction 13B
CFX96 Optical Thermal 164 System Specifications - Applied Biosystems NMTH
Reaction Module | Cycler SimpliAmp Thermal Cycler User Manual [Page NORTH
65] | ManualsLib
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BENCH
13B
CHEMIDOC MP Imager 200 GE Healthcare - ImageQuant LAS 500 NMTH
IMAGING Community, Manuals and Specifications | NORTH
SYSTEM LabWrench BENCH
13B
CYTOCENTRIFUG | Centrifuge 350 Eppendorf 5424R Refrigerated Centrifuge | NTH
E Marshall Scientific NORTH
BENCH
2B
ULTRA LOW Freezer (Freezer Room power consumption - taken 1TH
FREEZER -80 from VRF schematic) NORTH
FREEZER
ROOM
INVERTED (Freezer Room power consumption - taken NTH
MICROSCOPE from VRF schematic) NORTH
FORBRIGHT FREEZER
PHASE & ROOM
FLUORESCENCE
-80 FREEZER Freezer (Freezer Room power consumption - taken NTH
from VRF schematic) NORTH
FREEZER
ROOM
ULTRA-LOW Freezer (Freezer Room power consumption - taken 1TH
TEMPERATURE from VRF schematic) NORTH
FREEZER FREEZER
ROOM
ULTRA-LOW Freezer (Freezer Room power consumption - taken NTH
TEMPERATURE from VRF schematic) NORTH
FREEZER FREEZER
ROOM
STRATEGENE 0 (Low Impact) NTH
STRATALINKER NORTH IN
FRONT OF
TCR
KIRSCH Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - NTH
SPECZIAL 468 KIRSCH pharmaceutical refrigerators, blood NORTH
LAB bank refrigerators, blood plasma freezers OPP
REFRIGERATOR laboratory refrigerators, laboratory freezers BENCH 1
(kirsch-medical.com)
SANYO Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 1MTH
BIOMEDICAL Manual [Page 28] | ManualsLib NORTH
FREEZER MODEL OPP
U537 -20 BENCH 10
CENTRIFUGE Centrifuge 350 Eppendorf 5424R Refrigerated Centrifuge | NMTH
5415R NO ROTOR Marshall Scientific SOUTH -
REFRIG UK PLUG BENCH
13A
NANODROP Spectrophoto 121 ASHRAE Fundamentals Handbook - Table 7 NTH
FULL SPECTRUM | meter Spectrophotometer SOUTH -
Uv-Vvis BENCH
SPECTROPHOTO 17A
METER
AUTOSTAINER Autostainer 0 https://www.leicabiosystems.com/sites/default | 11TH
[files/media_product-download/2022- SOUTH -
02/Leica_ST5010_IFU_3vIM_en.pdf BENCH
18B
IMAGEQUANT Imager 200 GE Healthcare - ImageQuant LAS 500 NTH
LAS 500 Community, Manuals and Specifications SOUTH -
LabWrench BENCH
19A
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ESCO PCR Fumehood 0 9010022_PCR Cabinet_SCR & PCR_Combined NTH
VERTICAL Brochure_A4_vD_032824.pdf SOUTH -
LAMINAR FLOW (escolifesciences.com) BLOOD
CABINETS 2FT PROCESSI
NG ROOM
BIOLOGICAL Fumehood 0 Biosafety Cabinet(BSC-04 I A2)_Suzhou Antai 1MTH
SAFETY CABINET Airtech Co., Ltd (airtechsat.com) SOUTH -
BLOOD
PROCESSI
NG ROOM
ANALYTICAL 0 (Low Impact) 1TH
BALANCE AT SOUTH -
460 DR CHEMICA
L ROOM
FUME 0 (Low Impact) 1TH
CUPBOARD SOUTH -
CHEMICA
L ROOM
FUME 0 (Low Impact) 1TH
CUPBOARD SOUTH -
CHEMICA
L ROOM
CRYOGENIC 0 (Low Impact) 1TH
SYSTEM SOUTH -
CRYOSTO
RAGE
ROOM
SANYO Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 1MTH
BIOMEDICAL Manual [Page 28] | ManualsLib SOUTH -
FREZER: MODEL FREEZER
MDF U537 -20 ROOM
HOSHIZAKI ICE FLAKE 1325 Dimensions/Specifications; [A] - Hoshizaki FM- | 1TH
MODULAR MACHINE 251AFE Service Manual [Page 7] | ManualsLib SOUTH -
FLAKE ICE FREEZER
MAKER ROOM
SAKURA TISSUE 0 NTH
TEKTECS SOUTH -
TISSUE HISTOLGY
EMBEDDING ROOM
LEICA CM3050S | Cyrostat 1800 Leica CM3050 S | Cryostat NTH
CRYOSTAT (Leicabiosystems.com) SOUTH -
HISTOLOG
Y ROOM
CITADEL 2000 Microwave 800 Intended Uses; Technical Specifications; 1TH
TISSUE tissure Microwave Unit - Milestone KOS Operator's SOUTH -
PROCESSOR processor Manual [Page 7] | ManualsLib HISTOLOG
Y ROOM
FULLY Rotary 100 HistoCore AUTOCUT - Automated Rotary NMTH
MOTORIZED Microtome Microtome | Leica Biosystems SOUTH -
ROTARY HISTOLOG
MICROTOME Y ROOM
THERMO FORMA | C02 2760 Thermo Scientific Forma 371 Steri Cycle C02 NMTH
STERI-CYCLE Incubator Incubator; TC 230 from Cole-Parmer SOUTH -
C02 INCUBATOR (coleparmer.com) TISSUE
MODEL: 371 CULTURE
ROOM
THERMO FORMA | C02 2760 Thermo Scientific Forma 371 Steri Cycle CO2 1TH
STERI-CYCLE Incubator Incubator; TC 230 from Cole-Parmer SOUTH -
C02 INCUBATOR (coleparmer.com) TISSUE
MODEL: 371 CULTURE
ROOM
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THERMO FORMA | C02 2760 Thermo Scientific Forma 371 Steri Cycle C02 1TH
STERI-CYCLE Incubator Incubator; TC 230 from Cole-Parmer SOUTH -
C02 INCUBATOR (coleparmer.com) TISSUE
MODEL: 371 CULTURE
ROOM
THERMO FORMA | C02 2760 Thermo Scientific Forma 371 Steri Cycle C02 NMTH
STERI-CYCLE Incubator Incubator; TC 230 from Cole-Parmer SOUTH -
CO02 INCUBATOR (coleparmer.com) TISSUE
MODEL: 371 CULTURE
ROOM
GELMAN Fumehood 0 (Low Impact) 1MTH
BENCHTOP SOUTH -
CLASS I TISSUE
BIOLOGICAL CULTURE
SAFETY CABINET ROOM
GELMAN Fumehood 0 (Low Impact) 1MTH
BENCHTOP SOUTH -
CLASSI TISSUE
BIOLOGICAL CULTURE
SAFETY CABINET ROOM
THERMO FORMA | C02 100 Forma Series 3 WJ C0O2 Incubators Brochure 1TH
WATER Incubator (thermofisher.com) SOUTH -
JACKETED C02 TISSUE
INCUBATOR CULTURE
ROOM
THERMO FORMA | C02 100 Forma Series 3 WJ CO2 Incubators Brochure 1MTH
WATER Incubator (thermofisher.com) SOUTH -
JACKETED C02 TISSUE
INCUBATOR CULTURE
ROOM
BENCHTOP Fumehood 0 (Low Impact) 1MTH
CLASS Il TYPE SOUTH -
A/B3 TISSUE
BIOLOGICAL CULTURE
SAFETY ROOM
CKX41_INVERTED 0 (Low Impact) NTH
FLUORESCENCE SOUTH -
MICROSCOPE TISSUE
CULTURE
ROOM
CKX31_0LYMPUS 0 (Low Impact) NTH
INVERTED SOUTH -
MICROSCOPE TISSUE
CULTURE
ROOM
RUSKINN INVIVO | Workstation 1830 Service Requirements; Electrical Supply 1TH
2 400 HYPOXIA Requirements; Figure 1: Invivo Rear SOUTH -
WORKSTATIONS Connections; Table 2: Electrical Service TISSUE
Requirements - Baker InvivO2 400 User Manual | CULTURE
[Page 12] | ManualsLib ROOM
PANASONIC Freezer (-20) 225 Performance - Sanyo MDF-U333 Instruction 1MTH
MEDICAL Manual [Page 28] | ManualsLib SOUTH
FREEZER MODEL BENCH
MDF U537D 14A
AUTOMATED 0 (Low Impact) NTH
HANDHELD SOUTH
CELL COUNTER BENCH
14A
EPPENDORF Centrifuge 350 Eppendorf 5424R Refrigerated Centrifuge | NTH
CENTRIFUGE Marshall Scientific SOUTH
5424R BENCH
14B
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oot
PROFLEX 3X32- PCR System 95 Specification Sheet: ProFlex PCR System 1TH
WELL PCR (thermofisher.com) SOUTH
SYSTEM BENCH 15
MINIAMP PLUS Thermal 164 System Specifications - Applied Biosystems 1TH
THERMAL Cycler SimpliAmp Thermal Cycler User Manual [Page SOUTH
CYCLER 65] | ManualsLib BENCH 15
FLOOR Centrifuge 350 Sorvall ST 8 Compact Centrifuge Series 1TH
STANDING Brochure (thermofisher.com) SOUTH
REFRIGERATED BENCH
CENTRIFUGES 15A
CENTRIFUGE Centrifuge 350 Eppendorf 5424R Refrigerated Centrifuge | 1TH
5415R W/0 Marshall Scientific SOUTH
ROTOR BENCH
15A
THERMOMIXER C | ThermoMixer 200 Eppendorf ThermoMixer® C 1MTH
SOUTH
BENCH
15B
EPPENDORF Centrifuge 350 Eppendorf 5424R Refrigerated Centrifuge | NMTH
CENTRIFUGE Marshall Scientific SOUTH
5424R BENCH 16
HIGH SPEED Microcentrifu 300 Sorvall Legend Micro 21R - Thermo Scientific 1TH
REFRIGERATED ge Sorvall Legend Micro Series Instruction Manual | SOUTH
MICROCENTRIFU [Page 17] | ManualsLib BENCH
GE (MX305) 17A
PCR MACHINE PCR System 55 Technical Specifications - Endress+Hauser NMTH
96G BIOMETRA Analytik Jena Biometra TOne 96 Operating SOUTH
TONE Manual [Page 13] | ManualsLib BENCH 18
AUTOSTAINER Autostainer 0 https://www.leicabiosystems.com/sites/default | 11TH
[files/media_product-download/2022- SOUTH
02/Leica_ST5010_IFU_3vIM_en.pdf BENCH
18B
HIGH SPEED Microcentrifu 300 Sorvall Legend Micro 21R - Thermo Scientific 1TH
REFRIGERATED ge Sorvall Legend Micro Series Instruction Manual | SOUTH
MICROCENTRIFU [Page 17] | ManualsLib BENCH
GE 21B
KIRSCH Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - 1TH
SPEZIAL-468 KIRSCH pharmaceutical refrigerators, blood SOUTH
LABORATORY bank refrigerators, blood plasma freezers BENCH
REFRIGERATOR laboratory refrigerators, laboratory freezers 23A
4 DEGRE (kirsch-medical.com)
-20C UPRIGHT Freezer (-20) 440 11516_4_PHCBI_MDFDU702VXC_Pdt_Sheet_vf.pdf | 11TH
TWIN FREEZER (markitbiomedical.com) SOUTH
BENCH
23A
FLOOR- Centrifuge 350 Sorvall ST 8 Compact Centrifuge Series 1TH
STANDING Brochure (thermofisher.com) SOUTH
REFRIGERATED BENCH
CENTRIFUGE 23B
MEDICAL Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - 1TH
FRIDGE UPRIGHT KIRSCH pharmaceutical refrigerators, blood SOUTH
4 DEGREES bank refrigerators, blood plasma freezers BENCH
laboratory refrigerators, laboratory freezers 25B
(kirsch-medical.com)
KIRSCH Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - NMTH
SPECZIAL 468 KIRSCH pharmaceutical refrigerators, blood SOUTH
LAB bank refrigerators, blood plasma freezers BENCH
REFRIGERATOR laboratory refrigerators, laboratory freezers 25B
4 DEGREES (kirsch-medical.com)
BIOMEDICAL Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 1MTH
FREEZER -20 Manual [Page 28] | ManualsLib SOUTH
BENCH
25B
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GENOMINI WITH 0 (Low Impact) NTH
UV FILTER AND SOUTH
GENOSOFT SW BLOOD
PROCESSI
NG ROOM
HIGH- 0 (Low Impact) 1TH
THROUGHPUT SOUTH
PLATFORM FOR BLOOD
QC ANALYSIS OF PROCESSI
NG ROOM
-150C ULTRA- Freezer 220 MDF-C2156VAN | Cryogenic Ultra Low Freezer| | NNTH
LOW PHCbi (phchd.com SOUTH
TEMPERATURE CRYOGENI
FREEZER C ROOM
-150C ULTRA- Freezer 220 MDF-C2156VAN | Cryogenic Ultra Low Freezer | | TITH
LOW PHCbi (phchd.com SOUTH
TEMPERATURE CRYOGENI
FREEZER C ROOM
TEMPERATURE (Freezer Room power consumption - taken NTH
MONITORING from VRF schematic) SOUTH
SYSTEM FREEZER
ROOM
ULTRA-LOW Freezer (Freezer Room power consumption - taken NTH
TEMPERATURE from VRF schematic) SOUTH
FREEZER FREEZER
ROOM
ULTRA-LOW Freezer (Freezer Room power consumption - taken 1TH
TEMPERATURE from VRF schematic) SOUTH
FREEZER FREEZER
ROOM
GelDoc Go Gel (Freezer Room power consumption - taken 1TH
Imaging System from VRF schematic) SOUTH
with Image Lab FREEZER
Touch ROOM
Leica semi- Rotary 100 HistoCore AUTOCUT - Automated Rotary NMTH
motorised rotary | Microtome Microtome | Leica Biosystems SOUTH
microtome HISTOLOG
Y ROOM
KOS Microwave 800 Intended Uses; Technical Specifications; NMTH
MULTIFUNCTION | tissure Microwave Unit - Milestone KOS Operator's SOUTH
AL MICROWAVE | processor Manual [Page 7] | ManualsLib MMA
TISSUE
PROCESSOR
BUNDLE Centrifuge 350 Centrifuge 5810 / 5810 R | Your Workhorse in 1TH
CENTRIFUDGE the Lab (eppendorf.com) SOUTH
5810R OUTSIDE
TCR
HYBRID Centrifuge 350 Centrifuge 5810 / 5810 R | Your Workhorse in NMTH
REFRIGERATED the Lab (eppendorf.com) SOUTHTC
CENTRIFUGE ROOM
COUNTESS I Cell counter 0 (Low Impact) NTH
SOUTH
TISSUE
CULTURE
ROOM
AUTOCLAVE Autoclave 300 (Low Impact) 1MTH
SOUTH
TISSUE
CULTURE
ROOM
DELL(TM) Laptop 53 ASHRAE Fundamentals Handbook - averaged 1TH
POWEREDGE value SOUTH PC
R420 ROOM
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INTEL(R) CPU 95 Intel Xeon Processor E52450 20M Cache 2.10 1MTH
XEON(R) GHz 8.00 GTs Intel QPI Product Specifications SOUTH PC
PROCESSOR E5- ROOM
2450 2.10 GHZ 20
M
SUPERMICRO (Low Impact) 1MTH
SYS8047R- SOUTH PC
THRFT ROOM
DELLTM Laptop 53 ASHRAE Fundamentals Handbook - averaged NTH
POWEREDGE value SOUTH PC
R930 (256GB ROOM
RAM)
DELLTM Laptop 53 ASHRAE Fundamentals Handbook - averaged 1TH
POWEREDGE value SOUTH PC
R930 (512GB ROOM
RAM)
SUPERMICRO (Low Impact) NTH
CSE84TE2C- SOUTH PC
R1K28JB0OD ROOM
DELL LATITUDE Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6-11-
E5440 value 02G
MACBOOK PRO Laptop 53 ASHRAE Fundamentals Handbook - averaged
15 512GB value
(MJLT2ZP/A
ZORG)
HP LAPTOP 14S- | Laptop 53 ASHRAE Fundamentals Handbook - averaged
CF2019TX- value
8NV81PA
SANYO Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 11 South
BIOMEDICAL Manual [Page 28] | ManualsLib Opposite
FREEZER (MDF B15B
U537) -20
14-inch MacBook | Laptop 53 ASHRAE Fundamentals Handbook - averaged 11-02K
Pro - Space Grey value
Apple M2 Pro
GZ-1730R, Microcentrifu (Low Impact) Bench
MICROCENTRIFU | ge 20A (CSI
GE 11 South)
Miu/MC-24C) Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - Bench
MIULAB - MC- KIRSCH pharmaceutical refrigerators, blood 20A (Csl
24C High-Speed bank refrigerators, blood plasma freezers 11 South)
Refrigerate laboratory refrigerators, laboratory freezers
(kirsch-medical.com)
SIMPLIAMP Thermal 164 System Specifications - Applied Biosystems Bench
THERMAL Cycler SimpliAmp Thermal Cycler User Manual [Page 20A (CSI
CYCLER 65] | ManualsLib 11 South)
iBlot 3 Western Transfer 0 iBlot 3 Western Blot Transfer System Bench
Blot Transfer Device (thermofisher.com) 20A (Csl
Device 11 South)
QUBIT 4 Fluorometer 0 (Low Impact) Level N
FLUOROMETER South
WIFI BOX Bench
20A

15-inch MacBook | Laptop 53 ASHRAE Fundamentals Handbook - averaged Level 11
Air - Space Grey value South
M2 8GB 256GB Bench
SSD 20B
15-inch MacBook | Laptop 53 ASHRAE Fundamentals Handbook - averaged Level 11
Air - Space Grey value South
M2 8GB 256GB Bench 21B
SSD
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Dell Mobile Laptop 53 ASHRAE Fundamentals Handbook - averaged Level 11
Precision value South,
Workstation 3571 Bench 21
A
Benchtop Centrifuge 350 Eppendorf 5424R Refrigerated Centrifuge | Level N
Centrifuge Marshall Scientific South,
MDé6
Cancer
Science
Institute
Benchtop Centrifuge 350 Eppendorf 5424R Refrigerated Centrifuge | Level N
Centrifuge Marshall Scientific South,
(Different SOF) MDé6
Cancer
Science
Institute
PCR Thermal Thermal 164 System Specifications - Applied Biosystems Level N
Cycler Cycler SimpliAmp Thermal Cycler User Manual [Page South,
65] [ ManualsLib MDé6
Cancer
Science
Institute
Cat No : 21.2201 Staining 1200 BOND-IIl Automated IHC Stainer for 11 South
LeicaBiosystems | System Immunostaining (leicabiosystems.com) Bench 19A
Bondlll
CLS143455 (Freezer Room power consumption - taken 11 South
Phenolmager HT from VRF schematic) Freezer
1.1 One-time room
HIGH-PLEX, 0 (Low Impact) 11-02-02B
SINGLE CELL,
MULTI-OMICS
SPATIAL
HP PROBOOK Laptop 53 ASHRAE Fundamentals Handbook - averaged 11S Bench
440 G6 value 19A
Cco2 Cco2 100 Section 6 - Specifications - Thermo 3010 Series | 11TH
INCUBATORS Incubator Operating And Maintenance Manual [Page 26]| | NORTH -
ManualsLib TISSUE
CULTURE
ROOM
MICROSOFT Laptop 53 ASHRAE Fundamentals Handbook - averaged
SURFACE PRO value
256GB
Lenovo ThinkPad | Laptop 53 ASHRAE Fundamentals Handbook - averaged
Tl4s G3 value
i7/16GB/512SSD/
MT/W1H
LENOVO Laptop 53 ASHRAE Fundamentals Handbook - averaged Level 11
THINKPAD T470S value South
Bench 18
LENOVO Laptop 53 ASHRAE Fundamentals Handbook - averaged
THINKPAD T470S value
-40 FREEZER Freezer 205 Performance - Sanyo MDF-U333 Instruction NMTH
Manual [Page 28] | ManualsLib NORTH
BENCH
10-12
SANYO Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 1MTH
BIOMEDICAL Manual [Page 28] | ManualsLib NORTH
FREEZER BENCH
MODEL: MDF 12B
U537 -20
REAL TIME PCR PCR System 95 Specification Sheet: ProFlex PCR System 1TH
SYSTEM (thermofisher.com) NORTH
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BENCH
12B
ULTRA LOW Freezer (Freezer Room power consumption - taken NTH
FREEZER -80 from VRF schematic) NORTH
FREEZER
ROOM
ACER SWIFT 5 Laptop 53 ASHRAE Fundamentals Handbook - averaged 11N Bench
value TA
FUJITSU Laptop 53 ASHRAE Fundamentals Handbook - averaged 11N Bench
LIFEBOOK S936 value 7B
KIRSCH Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - 1IN
SPECZIAL 468 KIRSCH pharmaceutical refrigerators, blood Opposite
LAB bank refrigerators, blood plasma freezers Bench 3
REFRIGERATOR laboratory refrigerators, laboratory freezers
(kirsch-medical.com)
QUBIT 2.0 Fluorometer 240 Qubit 4 Fluorometer | Thermo Fisher Scientific NMTH
FLUOROMETER -SG NORTH
BENCH
TA
LAB Refrigerator 58.3 Laboratory Refrigerator SPEZIAL-468 - NTH
REFRIGERATOR KIRSCH pharmaceutical refrigerators, blood NORTH
MODEL bank refrigerators, blood plasma freezers OPP
SPEZIAL-468 4 laboratory refrigerators, laboratory freezers BENCH 9
DEGREES (kirsch-medical.com)
SANYO Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 1MTH
BIOMEDICAL Manual [Page 28] | ManualsLib NORTH
FREEZER OPP
MODEL: MDF BENCH 9
U537 -20
SANYO MEDICAL | Freezer (-20) 205 Performance - Sanyo MDF-U333 Instruction 1MTH
FREEZER -25 Manual [Page 28] | ManualsLib NORTH
OPP
BENCH
9A
Dell Latitude Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6-11-
5340 value North
Bench 7
LENOVO Laptop 54 ASHRAE Fundamentals Handbook - averaged
THINKPAD T460S value
HP LAPTOP 14S- | Laptop 53 ASHRAE Fundamentals Handbook - averaged
CF2019TX- value
8NV8IPA
ULTRA LOW Freezer (Freezer Room power consumption - taken NTH
TEMPERATURE from VRF schematic) NORTH -
FREEZER -80 FREEZER
ROOM
F03-371- Cc02 2760 Thermo Scientific Forma 371 Steri Cycle C02 1TH
THERMO MODEL | Incubator Incubator; TC 230 from Cole-Parmer NORTH -
371C02 (coleparmer.com) TISSUE
INCUBATOR CULTURE
ROOM
Eppendorf ThermoMixer 200 Eppendorf ThermoMixer® C 11S core
Thermomixer C bench 16
13-inch MacBook | Laptop 53 ASHRAE Fundamentals Handbook - averaged Level 11
Pro - Space value South,
Grey(M2) Bench 16A
13 inch MacBook | Laptop 53 ASHRAE Fundamentals Handbook - averaged Level 11
Pro - Space Grey value South,
M2 chip with 8 Bench 16B
14-inch MacBook | Laptop 53 ASHRAE Fundamentals Handbook - averaged MD6-11-
Pro - Space Grey value 02M
GYROZEN Microcentrifu 2000 Technical Specifications - GYROZEN 1730R User | & A-
Microcentrifuge | ge Manual [Page 9] | ManualsLib 0001166~
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09-00,
#12-01,
North
Core,
Bench 7B

LENOVO Laptop 53 ASHRAE Fundamentals Handbook - averaged

THINKPAD T470S value

Aftershock Flow | CPU 155 5039A-i | SuperWorkstation | Products | Super | 11-01H

Micro Computer, Inc.

NUS MD6 Level 11 - Green Lab Feasibility Study

Page | 79



S Real impact,
'J made together.

8.3 Appendix C - ApacheHVAC Input
Temperature and Air Flow Control Input for Scenario 2

1. Component 3 (Pre-cooling Coil Controller with Feedback Sensor)

Time Switch b4

Reference: Pre-Cooling Coil Temeprature Contraller

Lk None «Select> ~ | Re-apply

Controlled variable: Dry-bulb Temperature e
Max signal variation: Constant o
Dry-bulb Temperature (9C): 25.10

Time Switch Profile

on continuoushy Lﬂl'L Select

Figure 38: Pre-Cooling Coil Temperature Controller in ApacheHVAC for Scenario 2

2. Component 5 (Supply Air Fan)
Fan X

Reference:  Supply Air Fan|

Link: Supply fan v Re-apply
Settings
Design flow rate: () Autosize 9715.21 |fs
Oversizing factor: 1.00
Design total pressure: 498.16 pa
Fan effidency at design flow rate: 82.22 o
Fan mechanical shaft power: 5886.20 Nm/s
Motor effidency: 20.21 o
Efficency per motor size: ﬁ
Motor airstream heat pickup factor: 10.00 o,
Design fan power (fan motor electrical): 29.120 kw
Blectricity meter: Electridty: Supply @
Fan category: Interior central
Characteristic
() variable volume

Figure 39: Supply Air Fan Input in ApacheHVAC for Scenario 2
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3. Component 6 (Supply Air Fan Occupied Hours Controller)

Time Switch x

Reference: Supply Air Fan Occupied Hours Controller

Link: CAV airflow — occupied hours ~ | Re-apply

Controlled variable: Flow rate v

Max signal variation: Constant ~

Flow rate (/fs): 340.89 A
Time Switch Profile :

System occupied hours lﬂﬂ. Select

Figure 40: Supply Air Fan Occupied Hours Controller in ApacheHVAC for Scenario 2

4. Component 7 (Supply Air Fan Unoccupied Hours Controller)

Time Switch X

Reference: Supply Air Fan Unoccupied Hours Controller

Link: CAV airflow — nighttime setback ~ Re-apply
Controlled variable: Flow rate A
Max signal variation: Constant b
Flow rate {Ifs): 170.42
Time Switch Profie:
NUS MD6 Weekly Profiie_Unoccupied UL select

Figure 41: Supply Air Fan Unoccupied Hours Controller in ApacheHVAC for Scenario 2
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5. Component 9 (Reheat Coil Temperature Controller with Feedback Sensor)

Controller X
Reference:  Reheat Coil Temperature Controller with Feedback Sensor Link: None <Select> v | Re-apply
Sensor
Controlled variable: Dry-bulb Temperature
Sensed variable: Temper
Controlled value at max sensed value: Constant W = i g S >
Radiant Fraction: 0.00
Dry-bulb Temperature (°C) at Max sensed DB Temp (°C): 18.00 B
Time Switch Profile AND/OR [BIAS Connections
AND: 0 OR: 0 BIAS: 0 Edit
off continuously Select
Ulll (8 Allow OR inputs to override tme switch?
OnfOff Control
B Actve
Setpoint Variation: Constant L2 E o
Setpoint - sensed variable (°C): 23,50 =
8
Deadband (K) 0.00 g
Action with High Sensor Input: OFF v E
§ OFF y
= 1175 2350 3525
Var. sensed: DB Temp (°C)

Figure 42: Reheat Temperature Controller with Feedback Sensor in ApacheHVAC for Scenario 2

6. Component 10 (Cooling Coil Temperature Controller with Feedback Sensor)

Controller X
Reference:  Coolng Col Temeprature Sensor with Feedback Sensor| Link:  Cooling coil - full hjcLATband ~  Re-apply
Sensor
Controled variable: Dry-bub Temperature v
Sensed variable: -ub Temperature ~
Controlled value at max sensed value: Constant - ki sk
Radiant Fracton: 0.00
Dry-bulb Temperature (C) at Max sensed DB Temp (°C): 12.78 e
Time Switch Profile AND/OR BIAS Connectons
AND: O OR: 0 BIAS: 0 Edit
on continuously Select
Ll'l.l‘l. B Aliow OR inputs to override time switch?
Onfoff Control
B Actve
5e t Variation: v
tpon Constant E N T R
Setpoint - sensed variable (*C): 23,50 - :
Deadband (K) 200 g '
- (]
Action with High Sensor Input: ON v :
: :
§ OFF 4 : : ,
> 21.50 2250 2350 24.50 2550
Var. sensed: DB Temp (°C)

Figure 43: Cooling Coil Temperature Controller with Feedback Sensor in ApacheHVAC for Scenario 2
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7. Component 11 (Cooling Coil Relative Humidity Controller with Feedback Sensor)

Controller X
Reference;  Cooling Coil Relative Humidty Control with Feedback Sensor Link: ' Cooling coil — full hfc/dehum LA" ~  Re-apply
Sensor
Controlled variable: Dry-bulb Temperature
Senced variable: Rel Humidi
Controlled value at max sensed value: Constant v = by
Dry-bulb Temperature (°C) at Max sensed Ref Hum (%): 12.?8_ A
Time Switch Profile ANDOR [BIAS Connections
AND: 0 OR: 0 BIAS: 0 Edit
on continuously Select
< = LIU'L B Allow OR inputs to override time switch?
On/jOff Control
B Active
Se t Variation: W
tpoint Varia Constant E i AP OOe
Setpoint - sensed variable (%): i 60.00 E !
Deadband (%) 5.00 5 :
L]

Action with High Sensor Input: ON v E .

g H

§ OFF : . ,

> 5500 57.50 60.00 62.50 65.00

Var. sensed: Rel Hum (%)

Figure 44: Cooling Coil Relative Humidity Controller with Feedback Sensor in ApacheHVAC for Scenario 2

8. Component 13 (Exhaust Air Fan Controller)
Time Switch X

Reference: Exhaust Air Fan Controfler]

Lirk: Exhaust/CV hood airfiow ~ Re-apply
Controlled variable: Flow rate v
Max signal variation: Constant v
Flow rate (/s): 0.00 A
Time switch profie

System occupied hours P select

Figure 45: Exhaust Air Fan Controller in ApacheHVAC for Scenario 2
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9. Component 14 (Return Air Fan Occupied Hours Controller)
Time Switch

Reference: Return Air Fan Occupied Hours Controller

Link: None <Select> o Re-apply
Sontroled variatle:: Flow rate

Max signal variation: Constant

Flow rate (Ifs): 0.00

Time switch profile

System occupied hours Lﬂ.ll Select

Figure 46: Return Air Fan Occupied Hours Controller in ApacheHVAC for Scenario 2

10. Component 15 (Return Air Unoccupied Hours Controller)
Time Switch

Reference: Return Air Fan Unoccupied Hours Controller

Link: None <Select> v | Re-apply

Controlled variable: Flow rate

Max signal variation: Constant

Flow rate (Ifs): 0.00

Time switch profie

NUS MD6 Weekly Profile_Unoccupied WL select

S Real impact,
'J made together.

Figure 47: Return Air Fan Unoccupied Hours Controller in ApacheHVAC for Scenario 2
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Fan X

1. Component 16 (Return Air Fan)

Reference: Return Air Fan|

Link: Return/Relief fan ~  Re-apply
Settings
Design flow rate; [ Autosize 9715.21 |fs
Oversizing factor: 1.00
Design total pressure: 249.08 pa
Fan efficency at design flow rate: 82,22 o
Fan mechanical shaft power: 2943.10 Nm/s
Motor effidency: 9.91 o
Efficency per motor size: o
Motor airstream heat pickup factor: 10.00 (s
Design fan power (fan motor electrical): 29.700 kw
Electricity meter: Electricity: Genera @
Fan category: Exhaust v
Characteristic
([ variable volume

Figure 48: Return Air Fan in ApacheHVAC for Scenario 2

12. Component 17 (Exhaust Air Fan)
Fan X

Reference:  Exhaust Air Fan|

Link: Exhaust fan

Settings
Design flow rate:
Oversizing factor:
Design total pressure:
Fan effidency at design flow rate:
Fan mechanical shaft power:
Motor effidency:

Efficiency per motor size: 6
Motor airstream heat pickup factor:
Design fan power (fan motor electrical):
Electricity meter:

Fan category:
Characteristic
([] variable volume

Figure 49: Exhaust Air Fan in ApacheHVAC for Scenario 2

NUS MD6 Level 11 - Green Lab Feasibility Study

() Autosize

~  Re-apply

833

(=)

40 s

[

1.00

249.08 pa

70.00 o

2965.29 Nmjs

12.36 o,

10.00 9%

24.000 kw

Electriaty: Fume + [...)
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Temperature and Air Flow Control Input for Scenario 3

S Real impact,
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1. Component 3 (Pre-cooling Coil Controller with Feedback Sensor)

Time Switch

Reference:

Pre-Cooling Col Temeprature Controller

Link: None <Select>

Controlied variable:

Max signal variation:
Dry-bulb Temperature (°C):
Time Switch Profile

on continuously

v Re-apply

Dry-bulb Temperature v

Constant

25.10

e

Figure 50: Pre-Cooling Coil Temperature Controller in ApacheHVAC for Scenario 3

2. Component 5 (Supply Air Fan)

Fan

Reference:  Supply Fan|

Link: Supply fan
Settings

Design flow rate:
Oversizing factor:
Design total pressure:
Fan efficiency at design flow rate:
Fan mechanical shaft power:
Motor effidency:

Effidency per motor size: ()
Motor airstream heat pickup factor:
Design fan power (fan motor electrical):
Blectricty meter:

Fan category:
Characteristic
[[] variable volume

v Re-apply

9941.22 Ifs

1.00

498.16 pa

82.22 o,

6023.19 Nm/s

20.21 o

10.00 %

29.797 kw

Blectricty: Supply [...)

Interior central ~

Figure 51: Supply Air Fan Input in ApacheHVAC for Scenario 3

NUS MD6 Level 11 - Green Lab Feasibility Study

Page | 86



3. Component 6 (Supply Air Fan Occupied Hours Controller)

Time Switch

Reference: Supply Air Fan Occupied Hours Controfier

Link: CAV airflow — occupied hours v Re-apply

Controlled variable: Flow rate
Max signal variation: Constant
Flow rate (Ifs):

Time switch profile

System occupied hours P\"- Select

Figure 52: Supply Air Fan Occupied Hours Controller in ApacheHVAC for Scenario 3

4. Component 7 (Supply Air Fan Unoccupied Hours Controller)
Time Switch

Reference: Supply Air Fan Unoccupied Hours Controller

Link: CAV airflow —nighttime setback e Re-apply
Controlled variable: Flow rate
Max signal variation: Constant
Flow rate {ifs): 170.42
Time Switch Profile:
NUS MDS Weekly Profile_Unoccupied P select

Figure 53: Supply Air Fan Unoccupied Hours Controller in ApacheHVAC for Scenario 3

NUS MD6 Level 11 - Green Lab Feasibility Study

S Real impact,
'J made together.
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S Real impact,
'J made together.

5. Component 9 (Reheat Coil Temperature Controller with Feedback Sensor)

Controller

Reference: Reheat Col Temperature Controller with Feedbadk Sensor|

Controlled variable: Dry-bulb Temperature
Controlled value at max sensed value: Constant ~
Dry-bulb Temperature (°C) at Max sensad DB Temp (*C): 18.00
Time Switch Profile

off continuously P select
OnfOff Control
B Active

Setpaint Variation: Constant v
Setpoint - sansed variable (°C): 23.50
Deadband (K) 0.00
Action with High Sensor Input: OFF w

Figure 54: Reheat Temperature Controller with Feedback Sensor in ApacheHVAC for Scenario 3

6. Component 10 (Cooling Coil Temperature Controller with Feedback Sensor)

Controller

Reference:  Cooling Coll Temeprature Sensor with Feedback Sensor|

Controled variable: Dry-bulb Temperature
Controlled value at max sensed value: Constant v
Dry-bub Temperature (°C) at Max sensed DB Temp (°C): 1278 p
Time Switch Profie

on continuously ljm Select
On/fOff Control
B Actve

Setpoint Variabon: Constant v
Setpoint - sensed variable (°C): 23.50
Deadband (K} 2.00
Action with High Sensor Input: ON

Figure 55: Return Air Fan Unoccupied Hours Controller in ApacheHVAC for Scenario 3

NUS MD6 Level 11 - Green Lab Feasibility Study

X
Link: MNone <Select> v |  Re-apply
Sensor
Sensed variable: Dry-bub Temperature ~
Radiant Fraction: 0.00
ANDJOR BIAS Connections
AND: 0 OR: 0 BIAS: 0 Edit
1B allow OR inputs to override time switch?
g o
-
§
& OFF )
> nis 2350 3525
Var. sensed: DB Temp (°C)
X
Link: Cooling coll - ful hjcLATband ~  Re-apply
Sensor
Sensed variable: Dry-bub Temperature ~
Radiant Fraction: 0.00
AND[OR/BIAS Connections
AND: 0 OR: 0 BIAS: 0 Edit
1B Allow OR inputs to override time switch?
g‘ ONA e
= |
8 i
L
.
i .
[}
E i
L]
. L
§ OFF T y 1
> 2150 2250 2350 2450 2550
Var. sensed: DB Temp (°C)
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S Real impact,
'J made together.

7. Component 11 (Cooling Coil Relative Humidity Controller with Feedback Sensor)

Controller

Reference:  Cooling Cod Relative Humidty Control with Feedback Sensor

Link:  Cooling coil - full hjc/dehum LA" v Re-apply

Controlled variable:
Controlled value a3t max sensed value:

Dry-bulb Temperature

Constant

Dry-bulb Temperature (°C) at Max sensed Rel Hum (%):

Time Switch Profie

on continuously

OnfOff Control

B Active

Setpont Variaton:

Setpoint - sensed variable (%):
Deadband (%)

Action with High Sensor Input:

Constant

12.78

Select

60.00
5.00

Sensed variable: Rel Humidity v

AMD/OR,[BIAS Connections
AND: 0 OR: 0 BIAS: 0 Edit
18 Allow OR inputs to override time switch?

2

Var. controlled: DB Temp

o3
g

5750 50,00 62.50 65.00
Var. sensed: Rel Hum (%)

Figure 56: Cooling Coil Relative Humidity Controller with Feedback Sensor in ApacheHVAC for Scenario 3

8. Component 13 (Exhaust Air Fan Controller)

Time Switch

Reference: Exhaust Air Fan Controlier|

Link: Exhaust/CV hood airfiow

Controlled variable

Max signal variation:

Flow rate (/s):
Time switch profile

System occupied hours

X
~  Re-apply
Flow rate W
Constant v
0.00 A

e

Figure 57: Exhaust Air Fan Controller in ApacheHVAC for Scenario 3

NUS MD6 Level 11 - Green Lab Feasibility Study Page | 89



9. Component 14 (Return Air Fan Occupied Hours Controller)
Time Switch

Reference: Return Air Fan Occupied Hours Controller

Real impact,
made together.

Link:
Max signal variation:
Flow rate (/s):

Flow rate
Constant

None <Select> v|  Re-apply

Time switch profile

System occupied hours

jn

Select

Figure 58: Return Air Fan Occupied Hours Controller in ApacheHVAC for Scenario 3

10. Component 15 (Return Air Unoccupied Hours Controller)

Time Switch

Reference: Return Air Fan Unoccupied Hours Controller

Link: None <Select> et

o

Controlled variable: Flow rate

Max signal variation:
Flow rate (i/s):

Constant

9
2

Time switch profile

NUS MD§ Weeldy Profile_Unoccupied

Figure 59: Return Air Fan Unoccupied Hours Controller in ApacheHVAC for Scenario 3

NUS MD6 Level 11 - Green Lab Feasibility Study
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1. Component 16 (Return Air Fan)

S Real impact,
'J made together.

Fan X
Reference: Return Air Fan)|
Link: Return/Relief fan ~  Re-apply
Settings
Design flow rate: [ Autosize 9715.21 |fs
Oversizing factor: 1.00
Design total pressure: 299.08 pa
Fan efficency at design flow rate: 82.22 o
Fan mechanical shaft power: 2943.10 Nmfs
Motor efficiency: 9.91 o
Efficiency per motor size: ()
Motor airstream heat pickup factor: 10.00 o
Design fan power (fan motor electrical): 29,700 kw
Blectricity meter: Blectricity: Genere @
Fan category: Exhaust v
Characteristic
([ variable volume
Figure 60: Return Air Fan in ApacheHVAC for Scenario 3
12. Component 17 (Exhaust Air Fan)
Fan X
Reference: Exhaust Air Fan|
Link: Exhaust fan ~  Re-apply
Settings
Design flow rate: (] Autosize 8333.40 Is
Oversizing factor: 100
Design total pressure: 249.08 pa
Fan efficdency at design flow rate; 70.00 o
Fan mechanical shaft power: 2965.29 Nmfs
Motor effidency: 12.36 o
Efficiency per motor size: o
Motor airstream heat pickup factor: 10.00 o
Design fan power (fan motor electrical): 24.000 kw
Electridty meter: Electricity: Fume t (..
Fan category: Exhaust ~
Characteristic
(") variable volume
Figure 61: Exhaust Air Fan in ApacheHVAC for Scenario 3
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Temperature and Air Flow Control Input for Scenario 4

S Real impact,
'J made together.

1. Component 3 (Pre-cooling Coil Controller with Feedback Sensor)

Time Switch

Reference:

Pre-Cooling Col Temeprature Controller

Link: None <Select>

Controlied variable:

Max signal variation:
Dry-bulb Temperature (°C):
Time Switch Profile

on continuously

s Re-apply

Dry-bulb Temperature v

Constant

25.10

e

Figure 62: Pre-Cooling Coil Temperature Controller in ApacheHVAC for Scenario 4

2. Component 5 (Supply Air Fan)

Fan

Reference:  Supply Fan|

Link: Supply fan
Settings

Design flow rate:
Oversizing factor:
Design total pressure:
Fan effidency at design flow rate:
Fan mechanical shaft power:
Motor effidency:

Effidency per motor size: ()
Motor airstream heat pickup factor:
Design fan power (fan motor electrical):
Blectricty meter:

Fan category:
Characteristic
[[] variable volume

v Re-apply

9941.22 Ifs

1.00

498.16 pa

82.22 o

6023.14 Nm/s

20.21 o

10.00 o

29.797 kw

Bectricty: Supply [...)

Interior central v

Figure 63: Supply Air Fan Input in ApacheHVAC for Scenario 4

NUS MD6 Level 11 - Green Lab Feasibility Study
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3. Component 6 (Supply Air Fan Occupied Hours Controller)

Time Switch

Reference: Supply Air Fan Occupled Hours Controller

Link: CAV airflow - occupied hours v Re-apply

Controlled variable: Flow rate

Max signal variation: Constant
Flow rate {/s):

Time switch profie

System occupied hours l,l'lﬂ. Select

Figure 64: Supply Air Fan Occupied Hours Controller in ApacheHVAC for Scenario 4

4. Component 7 (Supply Air Fan Unoccupied Hours Controller)
Time Switch

Reference: Supply Air Fan Unoccupied Hours Controller

Link: CAV airflow —nighttime setback v Re-apply
Controlled variable: Flow rate
Max signal variation: Constant
Flow rate (/s): 170.42
Time Switch Profile :

NUS MD6 Weekly Profile_Unoccupied L select

Figure 65: Supply Air Fan Unoccupied Hours Controller in ApacheHVAC for Scenario 4

NUS MD6 Level 11 - Green Lab Feasibility Study

S Real impact,
'J made together.
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S Real impact,
'J made together.

5. Component 9 (Reheat Coil Temperature Controller with Feedback Sensor)

Controller
Reference: Reheat Cod Temeprature Controller with Feedback Sensor
Controlled variable: Dry-bulb Temperature
Controlled value at max sensed value: Constant “
Dry-bulb Temperature (°C) at Max sensed DB Temp (°C): 18,00
Time Switch Profile

off continuously P select

On/Off Control
B Active
Setpoint Variation: Constant v
Setpoint - sensed variable (°C): 22.00
Deadband () 0.00
Action with High Sensor Input: OFF

Figure 66: Reheat Temperature Controller with Feedback Sensor in ApacheHVAC for Scenario 4

6. Component 10 (Cooling Coil Temperature Controller with Feedback Sensor)

Controller

Reference:  Cooling Coll Temeprature Sensor with Feedback Sensor|

Controled variable: Dry-bulb Temperature
Controlled value at max sensed value: Constant w
Dry-bub Temperature (°C) at Max sensed DB Temp (°C): 1278 p
Time Switch Profie

on continuously l!lll Select
On/fOff Control
B Actve

Seftpoint Variabon: Constant o
Setpoint - sensed variable (°C): 23.50
Deadband (K} 2.00
Action with High Sensor Input: onN

Figure 67: Return Air Fan Unoccupied Hours Controller in ApacheHVAC for Scenario 4

NUS MD6 Level 11 - Green Lab Feasibility Study

x
Link:  None <Select> v Re-apply
Sensor
Sensed variable: Dry bub Temperature
Radiant Fraction: 0.00
AND/OR/BIAS Connections
AND: 0 oR: 0 BIAS: D Eat
8 Alow OR inputs to override time switch?
E oN
-
%
!
§ OFF !
= 1o 2200 3300
Var. sensed: DB Temp (°C)
x
Link: Cooling col - ful h/cLATband ~  Re-apply
Sensor
Sensed variable: Dry-bub Temperature
Radiant Fraction: 0.00
AND/OR /BIAS Connections
AND: 0 OR: 0 BIAS: 0 Edit
8 Allow OR inputs to override time switch?
Fon— aaa
- '
8 i
L}
.
: :
[}
g i
L]
§ OFF : r .
= 150 2250 2350 24.50 2550
Var. sensed: DB Temp (°C)
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S Real impact,
'J made together.

7. Component 11 (Cooling Coil Relative Humidity Controller with Feedback Sensor)

Controller

Reference:  Cooling Cod Relative Humidty Control with Feedback Sensor

Link:  Cooling cod - full hjc/dehum LA" v Re-apply

Controllad variable: Dry-bulb Temperature
Controlled value a3t max sensed value: Constant ~
Dry-bulb Temperature (°C) at Max sensed Rel Hum (%): 12.78 p
Time Switch Profie

on continuously Select
Onfoff Control
8 Active

Setpont Varabon: Constant b
Setpoint - sensed variable (%): 60.00
Deadband (%) 5,00
Action with High Sensor Input: OoN w

Sensed variable: Rel Humidity -

ANDOR, [BIAS Connections
AND: 0 OR:0 BIAS: O Edit
18 Allow OR inputs to override time switch?

2

Var. controlled: DB Temp

a3
81

5750 60,00 62.50 65.00
Var. sensed: Rel Hum (%)

Figure 68: Cooling Coil Relative Humidity Controller with Feedback Sensor in ApacheHVAC for Scenario 4

8. Component 13 (Exhaust Air Fan Controller)

Time Switch

Reference: Exhaust Air Fan Controlier|

Link: Exhaust/CV hood airfiow

Controlled variable

Max signal variation:

Flow rate (/s):
Time switch profile

System occupied hours

X
v Re-apply
Flow rate ~
Constant v
0.00 A

e

Figure 69: Exhaust Air Fan Controller in ApacheHVAC for Scenario 4
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9. Component 14 (Return Air Fan Occupied Hours Controller)
Time Switch

Reference: Return Air Fan Occupied Hours Controller

Real impact,
made together.

Link:
Max signal variation:
Flow rate (/s):

Flow rate
Constant

None <Select> v Re-apply

Time switch profile

System occupied hours

jn

Select

Figure 70: Return Air Fan Occupied Hours Controller in ApacheHVAC for Scenario 4

10. Component 15 (Return Air Unoccupied Hours Controller)

Time Switch

Reference: Return Air Fan Unoccupied Hours Controller

Link: None <Select> et

Controlled variable: Flow rate

Max signal variation:
Flow rate (i/s):

Constant

Time switch profile

NUS MD§ Weeldy Profile_Unoccupied

Figure 71: Return Air Fan Unoccupied Hours Controller in ApacheHVAC for Scenario 4

NUS MD6 Level 11 - Green Lab Feasibility Study

Page | 96



1. Component 16 (Return Air Fan)

S Real impact,
'J made together.

Fan X
Reference: Return Air F&“
Link: Return/Relief fan ~  Re-apply
Settings

Design flow rate: [ Autosize 9715.21 |fs
Oversizing factor: 1.00

Design total pressure: 243.08 pa

Fan efficdency at design flow rate: 82.22 o

Fan mechanical shaft power: 2943.10 Nm/s

Motor efficdency: 9.91 o

Efficiency per motor size: ()

Motor airstream heat pickup factor: 10.00 o

Design fan power (fan motor electrical): 29.700 kw
Blectricity meter: Electricity: Genere [...]

Fan category: Exhaust ~

Characteristic
(7] variable volume
Figure 72: Return Air Fan in ApacheHVAC for Scenario 4
12. Component 17 (Exhaust Air Fan)
Fan X

Reference:  Exhaust Air Fan|

Link: Exhaust fan
Settings
Design flow rate:
Oversizing factor:
Design total pressure:
Fan efficdency at design flow rate:
Fan mechanical shaft power:

Motor effidency:

Effidency per motor size: 0

Motor airstream heat pickup factor:

Design fan power (fan motor electrical):

Electridity meter:
Fan category:
Characteristic
([ variable volume

() Autosize

v Re-apply

8333.40 Ifs

1.00

249.08 pa

70.00 o

2965.25 Nmfs

12.36 o,

10.00 o

24.000 kw

Blectricty: Fume t [...]

Figure 73: Exhaust Air Fan in ApacheHVAC for Scenario 4

NUS MD6 Level 11 - Green Lab Feasibility Study
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S Real impact,
'J made together.

8.4 Appendix D - Zoning Drawings
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NUS MD6 - LEVEL 11 ZONING DRAWING

LEGEND

OTHER BASE
BUILDING SYSTEMS

SINGLE PASS LAB
SYSTEM'

NOTE 1:
ENERGY MODELLING CONDUCTED ON
SINGLE PASS LAB SYSTEM
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