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Executive Summary

The purpose of this report is to determine if the EMD Serono Research Center —
existing building is in compliance with ASHRAE Standard 62.1-2007 and ASHRAE
Standard 90.1-2007.

The EMD Serono Research Center — existing building is located in Billerica, MA. The
building program contains management office, research and development laboratories,
and vivarium rooms. Designed in 1999 and constructed in 2000, this building’s HVAC
design follows ASHRAE Standard 62.1 -1989 and ASHRAE Standard 90.1-1898.

The ASHRAE Standard 62.1-2007 analysis showed that the EMD Serono Research
Center — existing building is entirely compliant with the requirement from section 5 and
6. This building was designed to prevent mold growth, prevent re-entry of contaminated
air, and provide high quality indoor air to its occupants. Results of the ventilation rate
requirement analysis in section 6 showed that the building’s HVAC design goes beyond
the ventilation requirement for all occupied spaces. With different air handling units for
different types of space and with high efficiency filter, the HVAC design ensures
contaminated air does not recirculate and transfer inside the building.

The ASHRAE Standard 90.1 analysis showed that this building is largely compliant with
the standard. The only two areas that do not meet the requirement are building
envelope and fan power limitation. However, none of the inadequacies are extremely
large in terms of compliance and a few changes could be made for this building to meet
the requirement for Standard 90.1

It was determined that the EMD Serono Research Center —existing building is entirely
compliant with ASHRAE Standard 62.1-2007 and largely compliant with ASHRAE
Standard 90.1-2007. The mechanical system design of the building provides excellent
control over contaminated air and gives the building occupants healthy indoor air
quality.
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Building Summary

EMD Serono Research Center — existing lab building was constructed as the research
and development building. This building has 2 stories, a basement, and a penthouse,
with gross area of 56,700 square foot. The building program contains management
office, research and development laboratories, and vivarium rooms. Mechanical rooms
are located on the basement floor and in the penthouse. Vivarium facilities, research lab
rooms, support rooms are located on both the 1% and 2" floor.

Mechanical System Description

The building receives conditioned supply air from 3 air handling units (AHU). AHU-1 is
located in the penthouse and supplies a total of 45,000 cfm conditioned outside air to
research and development laboratory spaces in the building. The occupied spaces of
the basement and administration offices on 1% and 2" floor are conditioned by AHU-2 in
the penthouse with 19,000 cfm total. The mechanical room in the basement and the
vivarium rooms on the 1% floor are conditioned by AHU-3 which is located in the
basement and supplies a total of 5,000 cfm.

One 350 ton centrifugal chiller is located in the basement. Two steam boilers and a
boiler feed water pump is located in the penthouse. A 350 ton cooling tower and a 60
ton air cooled chiller are located on the roof adjacent to the penthouse.
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ASHRAE Standard 62.1 — 2007

Section 5 Analysis

5.1 Natural Ventilation

The building utilizes mechanical ventilation system therefore section 5.1 natural
ventilation does not apply

5.2 Ventilation Air Distribution

All spaces meet ventilation requirement. The variable air volume systems can be
adjusted to meet and minimum ventilation air requirement.

5.3 Exhaust Duct Location

Exhaust ducts that convey potential harmful contaminants are negatively pressurized
relative to space through which they pass. Therefore, meet 5.3 requirements.

5.4 Ventilation System Controls

The building has been designed to be controlled by a Direct Digital Control (DDC)
system. The DDC system enables the fan system to operate whenever the spaces
served are occupied. The system designed to maintain the minimum outdoor airflow as
required by Section 6.

5.5 Airstream Surfaces

All ducts and fittings have sheet metal surfaces. Therefore, meet the requirement of
section 5.5.

5.6 Outdoor Air Intakes

There are 2 outdoor air intakes. One outdoor air intake is located on the ground floor for
AHU-3. Another outdoor air intake is located on the penthouse level for AHU-1 and
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AHU-2. Despite the location of a cooling tower and several exhaust fans are on the
penthouse level, outdoor air intakes comply with the minimum separation distances
specified in Table 5-1 Air Intake Minimum Separation Distance from section 5.6.

5.7 Local Capture of Contaminants

All contaminants that are generated from the laboratory and vivarium spaces are ducted
directly to exhaust fans on the roof.

5.8 Combustion

All combustion processes are provided with sufficient amounts of air. The emergency
generator is enclosed in weather enclosure on the roof adjacent to the penthouse.

5.9 Particulate Matter Removal

The prefilters for AHUs have an average efficiency of 30% which is equate to a
Minimum Efficiency Reporting Value (MERV) of approximately 7. Filters of AHU-1 and
AHU-2 have average efficiency of 90% to 95%; filter for AHU-2 has minimum efficiency
of 99.97%, which exceeds the requirements of section 5.9.

5.10 Dehumidification Systems

The building’s general areas are designed to maintain a relative humidity of less than
55%, which meets the 65% relative humidity limit requirement. For humidity animal
spaces, 70-40% relative humidity is designed in the winter and 58-35% relative humidity
is designed for the summer. Humidity animal spaces are exempt from this section.

5.11 Drain Pans

Drains are provided from air handling units, air intake and other intake and exhaust
plenums with traps. Traps have minimum size of 4”, unless the static pressure requires
additional trap depth. Drains discharge to nearest floor drain, janitor sink, roof or
outdoor.
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5.12 Finned Tube Coils and Heat Exchangers

The minimum distance between coils is 18 inches which complies with the requirements
for section 5.12.

5.13 Humidifiers and Water-Spray Systems

Humidification is done with low pressure steam (10psig) from the steam boiler. Steam
is filtered by softeners and brine filtration before deliver to the humidifier.

5.14 Access for Inspection, Cleaning, and Maintenance

Access doors are provided downstream of humidifier for visual verification of humidifier.
No mechanical coupling is used in inaccessible location without access doors. Access
door are 24” x24” in general and a minimum of 10"x18”. Access doors are sized to suit
the access requirement to service the equipment and located individually.

5.15 Building Envelope and Interior Surfaces

The building envelope construction included vapor barrier to prevent water penetration
into the building. Interior surfaces of pipes and ductwork are insulated to maintain a
temperature close to the supply temperature, also prevent condensation on the
surfaces.

5.16 Buildings with Attached Parking Garages

There is no attached parking garage for this project. Therefore, this section does not
apply.

5.17 Air Classification and Recirculation

Return air from general office are classified as Air Class 1. Some of the Air Class 1 air is
recirculated. The exhaust air from laboratories, tissue culture rooms, office area within
the lab zone, vivarium area, cagewash, soiled holding area, and clean storage area are
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classified as Air Class 2 to 4. None of the air from those rooms is recirculated, instead,
100% outside air supply and 100% exhaust air are utilized in those rooms.

5.18 Requirements for Buildings Containing ETS Areas and ETS-Free
Areas

EMD Serono Research Center- existing lab building is a non-smoking facility, ETS —
Free. Therefore, section 5.18 does not apply to this building.
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Section 6 Analysis

Introduction

There are 3 air handling units (AHU) in this building. AHU-1 serves the research and
development areas. AHU-2 serves the general non-lab related area such as lunch
room, office, and conference room. AHU-3 serves the vivarium areas.

AHU-1 is variable air volume type with 100% outside air .AHU-3 is constant volume type
with 100% outside air and 80% standby capacity. All lab areas and vivarium areas are
100% exhausted. The amount of air flow (cfm) is determined by the ventilation
requirement and the thermal load requirement. When assuming thermal load dominates
the quantity of supply air, AHU-1 and AHU-3 meet the ventilation requirement by
ASHRAE section 6. Therefore, those units will not be analyzed for section 6.

AHU-2 is variable air volume type with return air fans recirculate office air back to the
unit. It is selected for analysis due to this reason.

6.2 Ventilation Rate Procedure
Breathing Zone Outdoor Airflow (Vy,):
Viz = Rpx P#Ra x A, (Eq. 6-1)
A,: zone floor area: the net occupiable floor area of the zone (ft%)

P.: zone population: the largest number of people expected to occupy the zone during
typical usage.

Rp: outdoor airflow rate required per person as determined from Table 6-1 (cfm/person)

Ra: outdoor airflow rate required per unit area as determined from Table 6-1 (cfm/ft?)

Zone Air Distribution Effectiveness (E;)

The spaces served by AHU 2 fit into the category of “ceiling supply of cool air” defined
in Table 6-2 Zone Air Distribution Effectiveness. Therefore, for the purpose of these
calculations, E; = 1
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Zone Outdoor Airflow (V)

The zone outdoor airflow is calculated using Equation 6-2 from the ASHRAE Standard
which is shown below.

Voz= Vbz/ Ez (Eq. 6'2)

With Ez = 1 Equation 6-2 is reduced to:
Voz = Vb, (Eq. 6-5)
Primary Outdoor Air Fraction:
Zp=Vor/Vp: (EQ. 6-5)

Uncorrected Outdoor Air Intake:

Vou= DZ ail zones (Rp X Pz) + Z aii zones (Ra X Az)  (EQ. 6-6)
Where:
D = Ps/Z aizones Pz (EQ. 6-7)
Ps = system population, total population in the area served by the system
Outdoor Air Intake:

Vot = Vo/lEv (Eqg. 6-8)
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ASHRAE Standard 62.1 Findings

EMD Serono Research Center - existing

AHU-2
RESTULTS
Fee Actual total supply 15,200
air, cfm
Min, calculated Actual
| Outdoor air intale, 4,954 6,200
V. E ., cfm
Percent outdoor air 32.0% 41.9%
intake, V¥V,

Table-1 AHU-2 system

From the ASHRAE 62.1 spreadsheet found in Appendix A, it can be seen that AHU-2 is
in compliant with ASHRAE Standard 62.1 Section 6. AHU-2 serves occupied areas in
the basement level, office, lobby, and reception areas in both level 1 and level 2. AHU-2
supplies 15,500 cfm supply air, 6,500 cfm of which are outside air. That led to 41.9%
outdoor air to those areas, which exceed ASHRAE Standard 62.1. As shown in the
Appendix A, rooms that served by AHU-2 exceeds ASHRAE ventilation requirement by
an average of 162%.

EMD Serono Research Center — existing building is a research and development
building. Used air from the lab and vivarium areas is highly contaminated. Having high
ventilation rate for other general areas ensures contaminated air will purge out of the
building in a timely manner in the case of air leakage. Therefore, improves indoor air
quality in the building.
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ASHRAE Standard 62.1 Conclusion

The EMD Serono Research Center — existing building is entirely compliant with
ASHRAE Standard 62.1 -2007 Section 5 and 6.

By having 100% outside air and 100% exhausted air for both development and research
area and vivarium area, contaminants will not be recalculated inside the building. And
by having separate systems for general non-lab area, research and development areas,
and vivarium areas, contaminated air will not be transferred to different part of the
building. Filters with efficiency range from 90% to 99.97% are used in this building,
which further improves the indoor air quality of this building.

The HVAC design of this building goes beyond the ventilation requirement in section 5.
This means the designer has given a great effort on providing healthy indoor air quality
to the occupants in the building.
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ASHRAE Standard 90.1 — 2007

Introduction

The purpose of ASHRAE 90.1 is to provide minimum requirements for energy-efficient
design of buildings.

Section 5 — Building Envelope

5.1.4 Climate Zone

The project is located at Billerica, Massachusetts. The climate zone of the project was
determined to be Zone 5.

Maist (A)

Figure 90.1- 5.1.4
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5.2 Compliance Path

There are two compliance paths: prescriptive building envelope option and building
envelop trade-off option. Prescriptive building envelope option was used for this
analysis.

5.5 Prescriptive Building Envelope Option

Table-2 shows the calculation for fenestration percentage.

Fenestration Area
Fagade Gross Wall (sf) | Glass (sf) | Fenestration % Complies
East 6565 2542 38.7 Yes
South 10927 4082 37.4 Yes
West 4695 910 19.4 Yes
North 4274 2288 53.5 No
Total 26461 9822 37.1 Yes

Table-2 Fenestration Area

Section 5.5 stated that the fenestration area shall not exceed 40% of the gross wall
area. As shown in Table-2, the overall building envelope has 37.1% fenestration area
which complies with section 5.5.

Building Envelope Requirement
Elements Description | Min R-Value | Building R-Value | Complies
Roof Insulation 20 13.66 No
Above Deck

Wall, Above-Grade Mass 114 124 Yes
Wall, Below-Grade Mass 7.5 124 Yes
Floors Mass 104 N/A N/A

Slab on Grade Unheated NR 1.2 NR

Table-3 Building Envelope Requirement

Roof construction: 3” galvanized steel deck with 3” rigid insulation and roof membrane
Wall construction: 4” face brick, 2” air space, 2 %" rigid insulation and 2" GWB

sheathing.

Slab on Grade construction: 6” concrete slab

For the building envelope prescriptive approach, roof insulation does not compliant with
requirement. Minimum R-value for slab-on-grade floors is not listed on Table 5.5-1
Building Envelope Requirement For Climate Zone 5 (A, B, C)* from section 5.5.
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Section 6 — Heating Ventilating and Air Conditioning

6.2 Compliance Path

There are two compliance paths: Simplified Approach and Prescriptive Path in
Mandatory Provisions.

In order to qualify for the Simplified Approach, the building needs to be two stories or
fewer in height and with gross floor area less than 25,000 sf. The EMD Serono
Research Center — existing building has a gross floor area of 56,700 sf, which does not
qualify for the Simplified Approach. Therefore, Prescriptive path was used to analyze
this building.

6.5 Prescriptive Path

The EMD Serono Research Center — existing building has a combination of variable air
volume and constant air volume system. When checking fan power with ASHRAE Fan
Power Limitation, the maximum design supply airflow rate to conditioned spaces served
by the system was used.

Calculate the Allowable Horsepower for constant air volume:
Allowable Horsepower = CFM x 0.0011

Calculate the Allowable Horsepower for variable air volume:
Allowable Horsepower = CFM x 0.0015

In order to be compliant with ASHRAE Fan Power Limitation, the Allowable Horsepower
needs to be greater than the Nameplate Motor Horsepower. The results for compliance
are shown in the following page in Table-4.
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Fan Power Limitation
Unit Type CFM Allowable HP | Nameplate HP | Compliant
AHU-1 VAV 45,000 67 2 75VSD No
AHU-2 VAV 15,000 22 25VSD No
AHU-3 CAV 70,000 77 15 Yes
EX-1 VAV 20,000 30 25VSD Yes
EX-2 VAV 20,000 30 25VSD Yes
EX-3 CAV 7,000 7 517 7% Yes
EX-4 CAV 1,000 11/9 1 Yes
EX-5 CAV 750 5/6 Vo Yes
EX-6 CAV 800 7/8 Vo Yes
HVU-1 CAV 3,000 31/3 5 No
HVU-2 CAV 1,000 11/9 3 No

Table-4 Fan Power Limitation

As shown in Table-4 most of the units compliant with ASHRAE Fan Power Limitation

6.8 Minimum Equipment Efficiency Tables

Chiller Minimum Efficiency Requirement Compliance
Unit Description KW/Ton | COP | COP requirement | Compliant
ACCH-1 | Air Cooled Chiller 1.24 2.84 2.80 Yes
CH-1 Centrifugal Chiller 0.56 6.28 6.02 Yes

Table-5 Fan Power Limitation

Cooling Tower Minimum Performance Requirement Compliance
Unit | Description | GPM/HP | Performance Required (GPM/HP) | Compliant
CT-1 | Cooling Tower 21 220.0 Yes

Table-6 Fan Power Limitation

Boiler Minimum Efficiency Requirement Compliance
Unit | Description | Efficiency | Minimum Efficiency Requirement | Compliant
B-1 | Steam Boiler 81% 75% Yes
B-2 | Steam Boiler 81% 75% Yes

Table-7 Fan Power Limitation

All the chillers, boilers, and cooling tower meet the minimum efficiency required by
section 6.8, see Table 4,5,6,7.
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The Air Cooled Chiller is 60 ton and the centrifugal chiller is 350 ton. The cooling tower
has a centrifugal fan with 1050 GPM at 50 BHP. Both boilers are gas-fired steam boiler:
Boiler 1 has 175 boiler HP, boiler 2 has 50 boiler HP.

Section 7 — Service Water Heating

EMD Serono Research Center- existing building utilizes two gas-fired boilers that
operated at a minimum fuel-to-water efficiency of 81%, which complies with the
requirements of section?.

Section 8 — Power

Where circuits for power and lighting exceed 60'-0" for 120 volt circuits or 120'-0" for
277 volt circuits to the center of the load, #10 AWG wire or larger, circuit conductors are
sized for a maximum 3% voltage drop at full circuit capacity. Therefore, meet section 8
requirement.

Section 9 — Lighting

There are two methods to calculate interior lighting power allowance: Lighting Power
Densities Using the Building Area Method and Lighting Power Densities Using the
Space-by-Space Method. Due to information availability, Lighting Power Densities
Using the Building Area Method was used in this calculation.

Lighting Power Densities Using Building Area Method

Building Area Type Building SF WI/ft* | LPD (W/ft°) | Compliant
Pharmaceutical Research 58,800 2 N/A N/A
Development Lab

The EMD Serono Research Center-existing building is a pharmaceutical research and
development lab building. The Table9.5.1 Lighting power Densities Using the Building
Area Method listed in ASHRAE Standard 90.1 does not have building area type that are
suitable for the this building. The closest LPD value for this type of area is Laboratory
Space and Detailed Manufacturing Space under Table 9.6.1 Lighting Power Densities
Using the Space-by-Space Method from ASHRAE Standard 90.1. The LPD value for
laboratory space is 1.4W/ft? and 2.1 W/ft? for detailed manufacturing space. The lighting
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density of this building is within the range of those LPD values and can therefore be
considered acceptable.

ASHRAE Standard 90.1 Conclusion

The maijority of the systems in the EMD Serono Research Center — existing building are
in compliant with ASHRAE Standard 90.1-2007. The reasons for non-compliance are
most likely due to the timeframe of the system design. The EMD Serono Research
Center — existing building was designed in 1999 and its design follows ASHRAE
Standard 90.1 — 1989, which has different requirements than ASHRAE standard 90.1 —
2007.

The methods that were used to determine the compliance of ASHRAE Standard 90.1-
2007 are prescriptive path evaluation. This building largely complied with the
requirements for Standard 90.1-2007. The two areas that did not meet the requirement
are roof insulation from building envelope section and a few units from the fan power
limitation section. However, none of the inadequacies are extremely large in terms of
compliance and a few changes could be made for this building to meet the requirement
for ASHRAE Standard 90.1-2007.
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Appendix A

Following is the calculation for the outdoor airflow requirements of ASHRAE Standard
60.1-2007 section 6. (Both full table and simplified table are provided)
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Full Table

EMD SERONO RESEARCH CENTER - EXISITING | BILLERICA | MA



SHIYUN CHEN | ADVISOR: DR. BAHNFLETH

TECH REPORT 1

Iy £9 720 a 00k 089 g 00 s 05 051 I GH #0rds S0 SO 0055 0l £l suoz
Iy £9 $20 a 001 089 g 300 g 05 051 I GH #0rds 2010 200 0055y 01 Z) suoz
HTO¥S ¥ a0 € 0ol g g 300 g G 002 i ) 208ds 220 S0 1S HONIW ) I auoz
HAGy £9 20 a L 43 g 300 g 05 [ I 0z sords 00 Walry ¥l 0} auoz
HO'0E £a o £ 0ol g 42 300 g G 051 G GE sease uondaoey uondassy £0 € auoz
fquass
g it 290 50 001 0529 8t 300 Y] 059 0001 o a2 — wooy youn] aa 8 suoz
ko & 252 &0 G L 06y 52 E] g 00z 009 G Gl saueign fueigr ua £ auoz
wlasl 262 820 86 0ol 0F3a g 3000 s 0&E 003 -] ¥l aovds so0 a4 608 9 auoz
HEABHT ¥ €0 ¥z ool 0¥z ] 20 oo S 00z ] 00z swool abeiois abieioig 08 § Juoz
ey T* o o 001 0T 0k [ oo ool 1 oo 0 stt ‘qe sinduiog sindwoy 308 ¥ Juoz
%eez 8 50 a9 ool ooz SF 000 s 521 00z [ SEE FWO0I fEag o £ofz0g £ Juoz
w¥is oz B0 £l ool 0Zer 0& 20 oo sz 00s [ 0sg ‘g sendwo] Wooy #splei3 g < oz
HT065 89l ) 2 ool 0852 ] 3000 oo 05l 0ok ] (03 ] sloplo] Jopeg (=] | suoZz
- z3i(ey.2y (z9 wyg T
u 2 A wys anjen
uomisod ey «dy zd) a|qe | 0} [21doad g g dpuga| = = ¢ §5| ubisep oy asn auoz kdnoso
apoos T0q Tew § wys 's 13421) [ eaue jog . s 5 o) pajsadza washs
30 ssaoza wi|yQ x%E1¥ wo| UONORY | sauaanoaye| ssau | uo paseq) |uo paseq) sqey woy| I wloo-“i._. AVD U 1appuey n.q.”.n-n b”” adoad 2¥ "du0z -”” ..__.Ma-v.-.._h SweN WO iq
uoneuas | paseq ‘wyo ne uonnqusip | annoayse | ooyg | oowg | 00 | ne wony suoz oy | M IAPURHNE o o apier [jo eate 10014 nN roaas N wood O | panies
*® ne apisino | YOOPIN0 | ye auoz 10y uo eaie auoz | apdoad jcopino SIELUE | mopue frewpd | WOH U021 “uonendod 2dh 2oeds sau07
§ N eang 100pING —— aopne brewnd
femoy euiig pa1231109 | NNQIISIP auoz Y1 jo anje auoz
wnwiu [y auoz | e auoz e B I B
V7 wOrSHT 4 A4 F TH W | W TS -4 ‘H 4 L] -4 v
T3A31 INDZ
- fouaoype .
050 uonemusn wasks =
%59 AN 4 e
xEIr x0Ze e 100PING Jualag
wpR et F 4
008’8 V6P “ayews e jooping A
emoy  parenoed “ully
“05y g "y .
00s°s1 fiddns je10) jemioy A
S1INs3Y
T-1HV

wﬂmummﬂw - Jd2jua’) Jaaeasay onwolag (NI

EMD SERONO RESEARCH CENTER — EXISITING | BILLERICA | MA




SHIYUN CHEN | ADVISOR: DR. BAHNFLETH

TECH REPORT 1

Rk ] €8 ¥20 a ool 089 & 300 s 05 05l ] Si aords #01I0 A0 2055y 200 £1 w0z ._.
HI8TH £9 ¥ Z ool 063 5 300 s 05 05l ] Sl aovds 010 S0 s0s5Y 200 2] auoz
HZ0rE ¥a n €l oo s S 00 s S 00z I SEl 9%ds 20W0 FAUPO0 1S HDNIN S00 I 2uoz
G e ¥20 k) oo e S 00 s 05 sk I 0zl #ards so1i0 Yrelivd oL 0l auozZ
“ooe 9 0 £L 0ol og §2 900 s -1 06k § Gt sease uondeoey vondaoey ol 6 suoz
58
wie L 290 So¥ 0ol 0523 8te 900 G 059 0001 Gt bl “_“._._..._o_._!h wooy youn a3 g auoz
n¥9iz a4 &0 G 0ol 08Ek 4 a0 s 00z 003 ] Gy saleiqn fueign ua 2 suoz
ER 62 820 g6 0ol 0¥e3 0¢ 00 0 05¢ 003 9 Okl #0rds 2010 814 603 § w0z
HOERT ¥ ZE0 ¥z LU 002 0 a0 00 -1 00z 0 00z swool sbeiog sbeiong 08 g oz
ey o 280 oF 001 0zor 0 EY ool a2 o0t 0 = ‘qe saindwog smndwiog 308 ¥ suoz
HE8T T8 80 o9 oo ooz GF a0 s 521 00z B friz FWool feag o oo £ auoz
B4 L oz (3] £l oo 0ZEr I3 a0 ool 522 005 B 03 7 dwody ooy #5§ g Z auoz
HT0SS 89l 0 92 oo 0852 ] 00 oo 05l 00F 0 0Ly FIopo] lopiog 003 | suoz
- zledzy | (29 wye -+ 4 .
uomsod - dy 24) 2|qe | 01 (21doad . u 49 “anpen auoz kdnaso
N A1T 4 B LWy g puga | = = ¢ fis| ubisap ayy asn
apoo T0q TRW wyo s 12421) (TR jog . . §s 01 paisadza nd wayshs
jo ssaoza ul|yp %61y uo| "UONIEY | sausanoayja| ssau | uo paseq) |uo paseq) stqeL wony| VI AGEL | 4y up sappuey n.q-.n AVA ajdoad 1M "auoz (st uaop-iy iq
uoneuas | paseq ‘uyyo ne uonnquIsIp | aanoays | oses wp | 2189 WO el e woiy e woyy auoz oy | VITIAPUEY e jo gasabre] |jo ease oop4 woiy 103435) e u ¥ Y panias
x ne apisino | FOOPING | ye suoi _-n..- uo eate auoz | adoad | 'OOPINO SWCIUE | moyue frewpd | WOHINOZO | L d0d adiy aoeds sewoz
femoy | BRWld | parosi00 | nnqusip auoz Ay | JOOPING | oy, 4o anjen | MOINE Biewnd auoz
wowi [y suoz | we auoz s1do2d | wnupunw oy Rt
g wbrsag ‘z 4 7| & | & o g4 - 4 A ‘o 4
T3A31 INODZ
fouaroyse o
050 uopeinuas wasks =
by ] AT A e
HEIh § e J00PIN0 U
Wt T F 4
0059 ¥56'F ayewn ne sooping A
®O'S3 o e .
oos'st  Biddns eoremoy 7 . _
S1INs3y
C-OHYV

Mﬂm—w.nw -d2jua’) JaIeasay onota§ (IINA

EMD SERONO RESEARCH CENTER — EXISITING | BILLERICA | MA




SHIYUN CHEN | ADVISOR: DR. BAHNFLETH

TECH REPORT 1

HERLY ¥ 610 Gl 001 096 g 00 oS 1] 00z | o3l s0eds 200 SO g2l 9z oz
= - : . ) Bunaaw
“Fes e 090 361 o0l 0862 ol 00 s G2z 005 22 [ R SR ¥l §Z oz
“y'eas £z 4o LI} 0ol 00E 1] 00 L} 00z 0G5 L] 005 siopliog Jopiog 22 ¥Z oz
HOSH Bl¥ 260 S61 (01 s00L 521 00 s SiE LY 52 a3l 419997 fiqqo [k £2 3oz
wrlel [ 4 g0 Gl 001 06 § 900 06 05 0ol 3 Gal #oeds 2040 W2 Livd au Zz oz
HEEE ¥ 241] #l 001 00'e g 900 s G 00z 3 05t aceds 204J0) S0 s 12 3uoz
wieL 32 o Gl 0ol 098 1 00 s 0oL o0& I o3l sords a0 S0 ¥l 0z auoz
HArLr ¥ [24] Sl (G 096 S 00 s SL 00z I 1} sords 2040 0 £l €l auoz
HEB0L 262 220 13 001 oFlE 0z 900 06 622 009 ¥ 069 #ords 2040 SN n 8l Juoz
wasze £3 20 a 00l 063 G W00 L] 1] oGl ] Gl aoeds aa1j0 0lj0 2055y 113 11 3oz
nyezy £9 20 a 0ol 08’3 S 00 s 05 o5l I Sl #0vds #04j0 SO0 2055y o 9| auoz
Eo-Era £9 ¥20 2 001 063 § 900 L] 05 oGl 1 Sl #oeds 2040 S0 2055 601 Gl suoz
H8TH £9 ¥20 2 001 063 g 900 s 05 0%k 3 Sl soeds 20Wj0 S0 2055 801 ¥l suoz
P z3¢(ey. 2y z9 [p— ‘
womsod «dy.zd) aqe 0] [#1doad .." )0 "anma auoz kdnooo
A1 4 . 22 'y pago | = = 4 s | ubisap ayy asn
apoa T0q TeW § wyo ‘s 1aga1) (1 ease jo g 4 . ks o) payoadsa (1sy wnop-gnd washs
40 59033 ut | WO %618 U0| UYONOEH | sauaanoaya| sseu | uo paseq) | uo paseq)| NITL WOH| VI AL |y vy sojpuey | SWASES AVA ajdoad 21 "auoz 511 uRop-j| fq
. el e woy e woiy auoz oy | Y 1eIpuey ne woiy 193195) el wooy swooy
uonejnuay | paseq ‘wjo ' UCNRQIISIP | 3MNI3JY | e yQ | ATAVO | no | awerme | . 1 ) wos P 1sabie] |jo ease 0014 adf) aoedg Pansas
x ne apisyno | 199PIN0 | 4y auoz 10y uo eaie auoz | adoad oop N aojjie fiewnd ’ "uone|ndod sauoz
brewig wany 100pING 241 JO anjea aopne bewnd
1emay P#1221103 | NNQINSIP auoz " auoZ
wnuwiull |y auoz ne auoz weotd whwur ay) a———n
v e 4 4 7 TH W | TH TS - -4 4 L] -4 T
13A31 INOZ
fouaionyye =
050 uonepuan waisks 7
%G'b9 R i L]
XEW Xx0'ZE e J00PINO WA
ujet Ty T4
005's ¥S6°y “ayelu sie 100pIng 4
[En0Y  pAIENoeD Uik
PR s tae .
oos'st  fiddns jmoajemoy A |
S1INS3y
C1HY

Mﬂ._.—.w..gﬂ -Jd2jua’) Jrieasay onola§ (NI

EMD SERONO RESEARCH CENTER — EXISITING | BILLERICA | MA




SHIYUN CHEN | ADVISOR: DR. BAHNFLETH

TECH REPORT 1

HEGZTE £9 20 2l ook 969 § |00 (3 05 (-1 I 1) aords s0j0 0 402 6E a0z
Hp 202 =] %0 1z 00 oo o o oo o oGt L ok ‘qe sandwiog fida 902 8¢ auoz
HTOVS 1] 240 £ 001 g ] 400 0s 1) 00z 3 G2l #0rds 2210 S0 G0z 1€ swoz
“aszy £9 20 2l L 083 G o s 05 05l I G aords 2010 SAUH0 ¥z 3¢ w07z
HYBTE ] w20 2 ool [113:] § 00 s 05 o5l I S @oeds 200 0 07 St voZ
fiua
% - - eie, auo
#6527 £9 SE0 8 001 oz Gh 400 0s 05 0l 3 Gt e1ep  suoudepL anel &Ll 13 rd
“g200 2 0Z0 o L g G a0 s 0% 1] I ] aowds 29110 wood a4 8l ££ w0z
A r 650 [} 0ol [1:0:3 0z 00 s 05 0oL ¥ L= FWool yeag woonsay LEl <€ oz
“har ot 250 4 001 olg 0 400 0s 05 00k ¥ G¥l SWOO) yeaig woonséy 42l I suoz
. . SWwool uswdinbs
eI o oo G 0ol g 0 300 0o 05 00l o a8 ooy 9#3 &l O£ auoZ
[e01N03|3
Gunaaw
’ ) Bun: Ll auoz
#BZT0L 32 290 k2] ool 0o°ze 05 00 s L 00% o ooz A 5 Maain] dnog) Zfl 6T r4
“ZO0FS ¥ 240 at 0o g ] 00 0s 1) 00z 3 iz #0rds 2210 SO 195 HONW ¥ 8z suoz
AL 262 1Z0 (L] 0o ez o 00 g 00z 009 € ooy aoeds aom0 S3HanD a2 12 auoz
- z3i(en.2v (zs usgo - 210 g .
womsod " «dy zd) a|qe |0y (21doad - u - - 990 “aRyme. auoz kdnooso
A4 . cale PR g juga| = - 4 ubisap ayy asn
apoa 20q Tew § wjo °s 12331) (87] jo8 . swoyshs 0] paroadsa " " wayshs
j0 ssa0za wl | W0 %E1E w0 | YONIRH | cauannoagye | ssau | wo paseq) |uo paseq) 2AqeL wol| V9 AL | py1) u) sajpuey 58S AVA ajdoad 21 "duoz G=n P iq
: - 2121 e woy u| “1ajpuey e wo1ly 193[as) auwiey wooy gwooy
uoneuay | paseq wjs e UONRQINSIP | A0S | opes wo | O1FD WO ¢ a1e woyj Juoz 0 jo gisabie| |jo ease 100]4 panias
R 100pING el ne wolj IU0Z 03 adiy asedg
® ne apisino | 1OOPINO | e 3uoz s0y uo eaie auoz | ajdoad aojne fiewnd ‘uonendod saU07
lemoy | BeWBd | pargsuos | nnamsip auoz vay | J00PINO | gy yo anea | AOIC Sreuind auoz
wnuwnui |y auoz | we auoz 21903d | wnunupw ayy wnuizeiy
i ubrTry 4 A4 7 TH T | e o - - 4 Ll § Td T
13A3T 3INDZ
1ot -
05’0 uoneuan wasks T
%549 I R i
et I 4
005’9 Y6y *ayeus e J00pIND 4
#s3 : : - wyo e
oog'st  Giddns jjo) emoy A |
$1INS34
T-1HV

Hﬂmﬁmmﬂﬂ - 131U 7) JoIeasay onotag (JINA

EMD SERONO RESEARCH CENTER — EXISITING | BILLERICA | MA




SHIYUN CHEN | ADVISOR: DR. BAHNFLETH

TECH REPORT 1

“ar ¥ 250 62 ool 0ls 0z 300 s 05 0ok ¥ G¥l SWool yeag woonsay gLz 25 auoZ
Swool wawdinbs
MELETL £9 E00 H oo o5 o 200 L] oG o [ G |eounos(3 WAooy 533 friomd 15 aunz
swoos uawdinbs
HYELH £9 oo & ol ows 0 400 on 1] 0gl 0 58 ooy 2#3 ££2 05 3uoZ
[eon0#3 i |
wre oz S50 €6l ook 0¥as 521 3000 s 0S% 005 52 0¥l 9907 figqol 22 6F 2u0Z
#E00L SiE 40 Bt [0 [ 54 G 400 s 052 05L £ G0% #9eds 2310 SapqnJ :+4 8F auoZ
pxsan £9 (1] &l ool 088 & 400 s 1] 0sl I G4l aowds 290 AUH0 uz 1y 307
oSz ¥ 20 3 ook oiw 0z 3000 s 052 ooz ¥ S84 @oeds 00 32N Az 9% w0z
#G'I0k e 20 I [} 0¥9z G 400 s 113 005 £ 0¥k #9eds 230 SAH0 He S auoZ
HEZIP 5] 0z0 & ol e & 400 s &L 0oz I G4 aowds 2010 AU0 az ¥ auoz
HE'STH £9 20 Zl ook 963 5 3000 s 05 05l I L @oeds #0I0 FAHO uz £F w0z
HEGZH £9 20 o [} 963 G 400 s 05 0l I a #9eds 230 SAH0 oz Ty auoz
HEGZH £9 20 2 ol 969 & 400 s 05 0sl I al aoeds 2010 AUH0 602 Iy duoz
“E6T ©9 20 2 oo 96'9 [ 300 0 o ol I al aakds aali0 EETT] 202 0% aunz
- z3i(en.zy (z9 uya - £
u 2 A o “anjen
vomsod | | cduzd) | oweron (o1doad | g 19| ossedpupe| - ~ 4 §5| ubtsep sy asn | 2007 Sdnod0
apoa T0q TeWw R wyo s 13421) (3 eare jog .- e -swarsks 0] paisadza ( . d wayshs
o 552018 Ul | WO XEIp uo | YONIEH | sausanoayye| sseu | wo paseq) |uo paseq) JqeL wo| U MIEL | 4y up sajpuey VSRR AVA ajdoad 2 "duoz ¥EN MAOP- iq
= e el ne woy e woiy auoz oy | VI 12IPURY ne woly 19a]as) AweN wooy gwooy
uoneua | paseq ‘uys ’ uonnqINSIP | #AN9a)38 | oo wo | 91€9 WO » 4 jo g1sabie] |jo eare 100)4 panias
100pIno wopinoe | ferme | Lo e fewnd | WO 2U0Z 01 adiy aoeds
% e apisino pin e 2u0z 10§ uo eare auoz | ajdoad Ha 1 ‘wonemdod sauoz
few eay 100pIne P — aopyne Kewnd
1enoy d Pai2alos | pRgusp auoz o Y1 jo anj fr— auoz
wnuwi |y suoz | ne auoz 1909d | wnwiupw ayy ey
v eOrsag ‘z 4 °F H W | TH T - ‘H 4 L | o 4
T3A3T 3INOZ
Sauatoyya 2
080 UOREINUIA WAISES e
ey ] AT A ey
HEIF x0ZE HE JOOPINO WK
L L i B
005'S ¥S6'F “ayewn e soopmg A
femioy  paregnojed “uiy
%G8 wyo “ne
005°s1 fijddns je101 Emioy L
S1INS34
T HYV

Sunsixa - 19)ua)) YIIeasaIy ouolag INI

EMD SERONO RESEARCH CENTER — EXISITING | BILLERICA | MA




SHIYUN CHEN | ADVISOR: DR. BAHNFLETH

TECH REPORT 1

005’3 1z 619'9 00551 852 £29°61 IvioL
. Gunaaw
B0l a2 290 3 00l 002 05 400 s 00l 00¢ o 002 1 s0usIBIu0n Bunsapy e 15 uoz
%Z08E £9 920 bl 001 og 1 00 s 0% o5t 1 &6l #ords #2040 20 2z 95 auoz
. ) . Gunsaw )
g mez 030 ol 00l %4 o 00 0 s d 005 44 in §90UIUOT) wooy pirog 22z §5 Juoz
finua
#OEdl k4l 90 & 00l 00s Gl 00 s 05 001 £ 05 e1ep ) suoydapsL BROASL =] ¥5 auoz
%508 2 0 22 00 (7] = 800 0s 05 00k € 02 Swoos yeaig woonsay =] £5 auoz
- z3i(ed. 2y (z9 wyo - #r
u 12 4 wys “anjen
uwonisod ” «dy zd) a|qe 01 [21doad - 5 - . auoz kdnaso
apos | zoqrewmn | 1T A wyas spr) | ueare [ joq [P V9]0s12d) er | y ._”._”“ﬂ“. | orpovsdss (a5 ua d b
jo ssaoze w|yp %61y uo| YONORY | sausnnoaye| sseu | uo paseq) | uo paseq)| 2191 WOH VS OMEL | 4y vy saipuey N WEE AVA adoad 21 "u0z 5N UROP-40 iq
e aes ne woly ne woyy suoz oy | Y I2IPURY se 5 woly 193]as) Awey wooy gwooy
uonEuIg | paseq ‘uyo " uonnqinsip | 3an9333 | oeoyo | o0 | || woy suoz oy | 1 #1521 [jowaresoona| g oo oo panias
% sie apisano | 10OPINO | e auoz 1oy uo eate auoz | Idoad P aojjue frewnd frewnd | Yonendod sauoz
Ienany brewng paisanos | naqusip aunz eary toopino ¥ jo anjea Aopne Brewiy aunz
wnwiui | yg auoz | ne auoz 210 | wnuunm ayy | e
v wrseg 4 A4 T WO | TH A -4 ‘Y 4 s ] - ‘v
13A37 3INDZ
Souatonss =
050 uonenuIs wNsks F
“5H AT A
£t *0'2¢ e JOOPINO WU
wpRtTFIT4
008’9 ¥S6'y “ayeIul e 100pINQ 4
remoy ParEnojed Uiy
Hoee wgo “iye
005°S1 §iddns [er01 femioy 4
S1INs34
T1HY
SuySsIXa - 12JUa)) [IIEISIY 0woIdS (IINT

EMD SERONO RESEARCH CENTER — EXISITING | BILLERICA | MA




TECH REPORT 1 SHIYUN CHEN | ADVISOR: DR. BAHNFLETH

SYSTEM LEVEL

System population,

? mavimum simultaneous 258
* = of occupants of space

served by system

Occopant diversity,

D ratio of system peak

pancy to sum of
space pealk

I‘ Uncorrected cutdoor air
b intake, = D*SR.*P,

Actual total supply
air, cfm

Mixing ratio at primary
air handler of
uncorrectad outdoor air
mtake to system
primary flow, =

Vel Vi

0.16 ot used in calculation

| SYSTEM EFFICIENCY

MuZ, |)'[amm Z, ofall 062
Zones
System ventilation
Ev efficiency (from Table 0.50
6.3) based on Max 2,
Calculated minimum
outdoor air intake, 4954

ValE,, ofm

|T’(mnl outdoor air intake
=V Stpze | 320%
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EMD Serono Research Center - existing
AHU-2

65.0%
64.5%
ZONE LEVEL
A, P, Vo Vi z, Design 04
The minimum P
Maximum value of the Aindmi &
Zone um
airflow outside air %
Zones Spacetype | b0 of | Population, Erimary primary airflow to | Primary ,
servedby|  Room# RoomName  |(select from pull- ""ﬁ', largest#of | f0Zonefromair | zone from air [ outdoor air | i based on| Veatilation
Fiei down list) zone, people a| handler. In VAV | pongler, In CAV | fraction, | ¥19% OA & | in excess of
e t  zope | SYstems, use the systems, Vo = . max box code
NS design value. cfm = % | position
¥ pouee ¢fm
Zone 1 BOO Corridor Comidors 430 0 400 150 0.17 168 550.2%
Zone 2 B0l Exercise Room Computer Lab. 360 e 500 25 0.59 210 37.4%
Zone 3 B0203 Locker Break rooms 335 B 200 125 052 84 28.8%
Zone 4 B06 Comg Computer Lab. 335 0 100 125 032 2 43%
Zome § BO7 Storage Storage rooms 200 0 200 75 032 84 19.5%
Zone 6 BOS Files Office space 1140 6 600 350 028 252 155.7%
Zome 7 Bll Libnary Libraries 415 5 600 200 037 252 236.4%
Zomes | BI2 Lunch Room i 1125 s 1000 650 062 a9 35%
il
Zome 9 103 Reception Reception areas 135 5 150 75 044 63 20.0%
Zone 10 104 RATech Office space 120 1 150 50 0.24 63 415.6%
Zone 11 105 MNGR Sci Office Office space 135 1 200 75 0.17 84 540.2%
Zome 12 107 Assoc Office Office space 115 1 150 50 0.24 63 428.6%
Zone 13 107 Assoc Office Office space 115 1 150 50 0.24 63 428.6%
Zone 14 108 Assoc Office Office space 115 1 150 50 0.24 63 428.6%
Zone 15 109 Assoc Office Office space 115 1 150 50 024 63 428.6%
Zone 16 110 Assoc Office Office space 115 1 150 50 024 63 428.6%
Zome 17 111 Assoc Office Office space 115 1 150 50 024 63 428.6%
Zone 18 112 Cubicles Office space 690 4 600 25 027 252 309.8%
Zone 19 113 Office Office space 160 1 200 75 0.19 84 474.5%
Zone 20 114 Office Office space 160 1 300 100 0.15 126 751.7%
Zome 21 115 Office Offics space 150 1 200 75 0.19 84 499.1%
Zone 22 116 RATech Office space 165 1 100 50 030 2 181.4%
Zone 23 121 Lobby Lobbiss 1168 25 1000 375 0.52 419 115.0%
Zome 24 12 Corridor Corridors 500 0 550 200 0.15 231 658.8%
Zome 25 124 Conference e 430 n 500 25 0.60 210 44%
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| EMD Serono Research Center - existing
AHU-2
65.0%
64.5%
ZONE LEVEL
A; P, L Ve z, Design 04
The minimum
Zone _m'_‘“ value of the | Minimum | -A¢tual
airflow outside air %
Zones Space type population, | PP primary airflow to | Primary .
‘servedby|  Room# Room Name  |(select from pull- Flose m;, = largest#of | ' Z00¢ m';m. zone from air | gutdoar air |*fm: ased on| Vestilation
zone, handler. In VAV | pandler. In CAV & 41.9% OA & | in excess of
system down list) people expected & ction, b ke
to occupy zone systems, use (A€ | - ororems, ¥, = VolVy A
design value. ¢fm : position
¥ e el
Zome2s| 12 Conference Confereace/ 430 n 500 25 060 210 14.4%
Zone26| 125 Offics Office soace 160 1 200 7 0.19 84 4745%
zome27| 126 Cubicles Office soace 435 3 600 200 021 pE3) 5122%
Zome 28 141 MNGR. Sci Office Office space 135 1 200 75 0.17 84 540.2%
Zone29| 122 GroupMeeting |  Conferexe/ 200 10 300 100 062 126 1029%
Zomed0| 135 Elec Room fhers 85 0 100 50 0.10 2 Mm%
Zonedl| 136 Restroom Break rcoms 145 3 100 50 057 2 61%
|Zomeyz| 137 Restroom Break rcoms 160 4 100 50 059 2 47%
‘mess 138 File Room Offics space 8 1 50 50 020 21 107.6%
Zomeds| 130 TelData TR 1 3 150 50 035 6 255.4%
Zoneds| 203 Office Offics space 13 1 150 50 024 6 036%
Zoneds| 204 Offics Offics space 13 1 150 50 024 D36%
Zoned7| 205 Office Office space 135 1 200 7 0.7 5102%
Zoneds| 206 Copy Computer Lab, % 1 150 50 0.42 6 12.4%
Zoned| 207 Ofice Office space 116 1 150 50 024 255%
Zomedd | 208 Office Offics space 116 1 150 50 024 6 059%
Zomedl| 209 Office Office space 116 1 150 50 024 6 059%
| Zones2| 210 Office Offics space 116 1 150 50 024 259%
| Zones3| 21 Office Offics space 16 1 150 50 024 6 259%
Zomeds| 23 Office Offics space 165 1 200 7 020 81 1625%
Zomeds| 24 Office Office space a0 3 500 175 024 210 1065%
Zoneds| 216 Cubicles Office space 785 s 200 250 027 84 25.0%
Zonedr| 217 Offce Office space 165 1 150 50 030 6 W%
Zomeds| s Cubicles Office space 205 3 750 250 0.16 315 00.3%
Zonedd | 223 lobby Lobbies 1140 25 500 350 0.5 210 8.4%
Zoneso| 233 Elec Room Esctia) 8 0 150 50 0.10 6 133.4%
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EMD Serono Research Center - existing
AHU-2
RESULTS .
Ve Actual total supply 15,200
' air, cfm _ _ 65.0%
Ve ‘Outdoor air intake, 4954 6,500
VolE,, cfm ]
intake, V.V, 64.5%
efficiency
ZONE LEVEL
A, B, - Ve zZ, Design 04
" The minimum Bans
Zone ! value of the Minimum
. primary airflow ary airflow to | Primary | outside air %
Zoniey - Spacs ype Floor area of popalatien, to zone from air lm::“'mm air =) cfm, based on | Ventilation
served by Room# Room Name (select from pull- 3 largest # of e outdoor air
zone, ft’ handler. In VAV | pondler. In CAV 41.9% OA & | in excess of
system down list) people expected andler. 5 fraction,
= 16 accupy zese systems, use the systems, V,. = T max box code
. |design value. efm| = o position
V e ¢fm
Zome 51 235 Elec Room .qu-ﬂi 75 0 150 50 0.09 63 1297.8%
Juig rooms
Zone 52 236 Restroom Break rooms 145 4 100 50 0.57 42 46.1%
Zone 53 237 Reastroom Break rooms 120 3 100 50 044 42 18.9%
Zoness| 139 TelData _—— 50 3 100 50 0.36 2 133.0%
Zone 55 m Board Room c g 433 2 500 15 0.60 210 1%
mesting
Zone 56 24 Office Office space 135 1 150 50 026 63 380.2%
. Conference
242 2 3 ") g
Zome 57 42 Mesting meeting 200 10 300 100 0.62 126 102.9%
TOTAL 15,673 258 15,500 6,675 6,500
SYSTEM LEVEL
System population,
? mavimum simultaneous 158
= of pccupants of space =
served by system
Occupant diversity,
» ratio of system peak 1.00
occupancy to sum of :
space pealk
r Uncorrected outdoor air 3477
" |itske, =D*SR*P, -
Vot Aftnl total supply 15,500
air, ofm
Mixing ratio at primary
air handler of
. uncorrected outdoor air = %
X, intake to system 0.16 Not used in calculation
primary flow, =
Vel Ve
|SYSTEM EFFICEENCY
MasZ, Maximum Z, of all 0.6
ZOTES
System ventilation
Ey efficiency (from Table 0.50
6.3) based on Max 2,
Calculated minimum
Vo outdoor air intake, 49354
ValE,, ofm
Percent outdoor air intake
=P Stpzet | 320%
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