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The Energize Missouri Renewable Energy Study Subgrant program was created to increase the
ability of businesses, governments and organizations to make informed decisions about complex
renewable energy systems by understanding and solving information deficiency and technical
uncertainties. Program funds are made possible through the American Recovery and
Reinvestment Act and the Transform Missouri initiative and administered by the Missouri

Department of Natural Resources.

Acknowledgment: “This material is based upon work supported by the U.S. Department of
Energy through the Missouri Department of Natural Resources under Award Number DE-
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agency of the United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect

those of the United States Government or any agency thereof.”

The views and opinions of authors expressed herein do not necessarily state or reflect those of

the Missouri Department of Natural Resources or any other agency of the State of Missouri.
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Missouri Renewable Energy Study: STUDY TITLE Executive Summary

1.0 EXECUTIVE SUMMARY

The Missouri Department of Natural Resources (MDNR) selected GlaxoSmithKline to conduct a rooftop
solar design study at its St. Louis manufacturing facility. This facility manufactures Tums tablets and Os-
Cal vitamin supplements as part of the Consumer Healthcare division. The purpose of the study is to
perform a detailed design analysis to include solar panel layout drawings, electrical one-line drawings,

structural analysis, estimated energy output, and payback analysis.

GlaxoSmithKline engaged in a multi-site solar bidding project analysis. The site’s included facilities in
St. Louis, Aiken, SC, Memphis, TN, and Zebulon, NC. The solar vendors bidding on the projects were
Southern Energy Management, Strata, and Tecta. Southern Energy Management was selected as the

winning bidder for each of the manufacturing facilities.

This study was conducted in several phases starting in October 2010 and design completion in June 2011.
The solar system proposed is a roof mounted, 74 KW which generates 95,700 KWh./year in year 1.
Payback analysis shows 19 years. Approximate area for the solar array is 10,000 sq. ft.

Missouri Department of Natural Resources 1 GlaxoSmithKline
St. Louis, MO



Missouri Renewable Energy Study: Waste to Energy Introduction

2.0 INTRODUCTION

The MDNR selected GlaxoSmithKline to participate in the Energize Missouri Renewable Energy Study Subgrants
program. GlaxoSmithKline is investigating the feasibility of a roof top solar array as part of the energy and climate

change reduction program.

The solar panels chosen for this project area manufactured by REC Solar and were chosen due their 25 year warranty
and Southern Energy Management’s recommendations. The cells are multi-crystalline and are supported by the Sunlink
mounting system. Considerations given during the detailed design of the solar array were for shading of the panels in
order to maximize energy output. Drawing PV 5.0 (Appendix A) shows the shading involved with the proposed

locations. The stringing design on drawing PV 1.1 (Appendix A) was developed to minimize the effects of shading.

This study will provide GlaxoSmithKline with the detailed design information to proceed with the installation of the

design if the site determines it is economically feasible and/or aligns with the corporate sustainability objectives.

Missouri Department of Natural Resources 1 GlaxoSmithKline
St. Louis, MO
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Introduction

Solar PV Financial Analysis
Commercial Investment Model - 235-watt Solar PV Modules
GSK - St Louis, MO

Solar PV Project
System Size kW

0 1 2 3 4 5 6 7 8 9 10 1 7 13 1 15 1 I 18 19 bl
Full System Cost (varies by $lwatt decimal) 429106
Inverter Warranty Extension 3066
Estimated Utility Tie-In Expense 500
Fed/State Solar Grant 325001
Federal Tax Credit 120471
State Tax Credit 50,0001 0 0l 0 0 [i]
Fed. Stimulus Package - Depreciation Bonus 0
Fed. Tax Depreciation Tax Benefit 22802 36579 21,948 13169] 13169 6,584
State Tax Depreciation Tax Benefit 3572 5715 3429 2,058 2,058 1,029
State Benefit Impact on Fed. Tax Liability 14200 2286 13712 823 823 412 0 0 0 0 0 0 0 0 0 0 0 0 0
Liability Insurance Expense 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Utility Meter Fees 953 91 011 1041 10720 11040 1138 10720 1207) 1243 1280)  1.319)  1388] 1399 1441) 1484 1529 1579 1622 1671
Waintenance Expense - Reserve 250 28 265 s 281 290 209 307 7 3% 3% 346 356 367 378 389 401 4“3 42 438
&M Contract - Annually Years 6 - 20 1984) 1632 1680 1731 1783 1,836 1891 1948|2007 2067|2129 2,193 2208 23% 2,39
SREC Revenue 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Utilty kWh Revenue 6222 643 6662 6804 7134] 7.382) 7639] 7005) 8180] 8465 8750] O0B4]  9379] 9706 10044] 10303] 10755 11129 11516 1917
Total Cash Flow 351,072) 151,626 46,065‘ B477| 19434 20183 11,194 4160 4745 4,926 5113) 5307 5508  5717| 5933 6158 6301 6632 6,883 7143 7412
Accumulated Cash Flow 351,072 199‘447‘ 153‘382‘ 124905 105471) 85287 74,004 69.934| 65188 60,263 65150 49,843 44,335 38.619| 32,686 26528) 20137 13,508 6,622 521 7,99
MODEL VARIABLES:
MODEL OUTPUT:
Cost of Solar PV System $407,061
Federal Tax Credit 30% | Allinr1 Approximate Sales or Use Tax 526,010
State Tax Credit 0% | Over 10 years Ttl Cost/Watt installed 585 Pay back period in Yrs <= 19
State Tax Credit Cap $ RR%=| 05%
Size of System in kW 7400 ROI%= | 226% Results
Federal Corp Income Tax Rate 400% Estimated # of Panels 315 Lbs CO2 Reduction/Yr= | 133,121
State Corporate Income Tax Rate 625% Watt/panel 25
State Sales Tax 924% Est. System kWh Production Yr 1 9117
Annual System Degradation 050%
Fed. Stimulus Package Depreciation Bonus 00%
Fed/State Reduction of Basis for Depr. 15% Utility Meter Fee/Yr
Salvage Value Year 20- % nitial Cost 15% Estimated Utility Tie-In Fee
Incremental Liability Insurance Expense 50
Federal MACRS Depreciation Schedule 200% | Period 1 Annual Maintenance Expense - Reserve 5250
320% | Period? Annual O&M Contract - Years 6 - 20 51584
(5 yr depreciation = 6 periods) 192% | Period3 Avg. Annual Inflation Rate 30%
118% | Period4 Discount rate/ cost of capital 8.0%
1.5% Period 5
58% | Perod6 Avoided Cost - $/kWh
Utility Rate Annual Cost Escalation % [ 0% |
SREC Rate $/kWH - Period 1 50.00
Federal/State Solar Grants - Design Duration Period 1SREC Contract 5
SREC Rate $/kWh-Period 2 50.00
Image Value in Year 1
Inverter Warranty: 20-year extension $3966.00

Fig. 2-1 Financial Analysis

Missouri Department of Natural Resources

GlaxoSmithKline
St. Louis, MO



Missouri Renewable Energy Study: STUDY TITLE Site Plans

3.0 SITE PLANS

3.1 CORPORATE SOLAR ENERGY REVIEW
The facility has reviewed the solar payback analysis with GSK’s corporate energy team. The payback is

longer than desired, but there are other considerations for the project. Renewable energy growth is a key

GSK corporate objective, which this project will support.

Recent discussions with corporate involve using the solar design to power equipment for selected brands.
This has the potential to give marketing support to the brand as “Powered By The Sun”. Further reviews

are still needed in order to determine the project feasibility given the high costs.

As with other technologies, costs will be reduced over time. This will make this project more

economically attractive in the future.

Missouri Department of Natural Resources 1 GlaxoSmithKline
St. Louis, MO



Missouri Renewable Energy Study: STUDY TITLE Summary

4.0 SUMMARY

The solar panel design has several facets to consider. This technology aligns with GSK’s corporate
sustainability strategy for reduced carbon dioxide emissions. Given the site’s relatively small array and

multiple rooftops to support the solar panels, the payback was not as attractive as desired.

Reviews with the corporate energy team are being pursued in order to determine next steps. Future
reviews are needed in order to agree on a plan. Considerations being reviewed are GSK corporate
responsibility for renewable energy, project costs with payback to GSK, technology cost reductions in the
future, product brand promotion, the St. Louis’s facility community reputation, and the support of solar

manufacturers.

Missouri Department of Natural Resources 1 GlaxoSmithKline
St. Louis, MO
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KCI TECHNOLOGIES, INC.
WORK AUTHORIZATION
F2-16-2010

KCI Technologies, Inc. 1s pleased to provide the services described below. The purposc of this
form is to obtain your authorization for the work verbally requested and to confirm the terms
under which these services will be provided.

Project Name: GlaxoSmithKiine Blde 7 Roof Loading Analysis
Project Location: St Lowis, MO

Invoices to:  Sowthern Enerey Manacement
Attention: Kyra Moore
101 Kitty Hawk Dr
Morrisvitle, North Caroling 27360

Scope of Work: Structural analysis of existing roof with additional rew equipment

: Leanp Sum
ase Bid Fee: Lumpsum of § _7320.00 .
Alternate #T Fec: Luomp sum o1 § _2400.00 .

General Provisions: It is agreed that the attached General Provisions arc accepted and are made
part of this contract.

Prepared by: Approved by:
Chris Aycock Jim Gellenthin
Project Manager Chief Engineer

Guarantee: In consideration of the exccution of this contract and extension of credits, the
signator doecs hereby unconditionally and personally guarantee the payment of all fees and
expenses amiving out of said contract.

Work Autherized by:

SoMher ﬁurc\,{ Mm«wf‘\%“

{(Name of Firm)

Evee,  Mpore e Desi Y~

(Prmt or Type Namge) (Tile)

&‘? //}Vm

(Signature) / /

Ver. July 2008



SunLink Roof Mount System

Structural Engineering Load Advisory

[P,
'

SUNLINEK’

The following information pertains to the proposed SunLink Roof Mount System (RMS) for the subject project only. Itis

intended for use by the Engineer of Record (EOR) for structural adequacy evaluation of the building supporting the array.

1.0 GENERAL PROJECT INFORMATION

1.1 Customer

1.2  Building / Array Owner
1.3  Array Location

1.4  Quote Number

1.5  Sales Order Number

SOUTHERN ENERGY MANAGEMENT

GLAXO SMITH KLINE

320 SOUTH BROADWAY, SAINT LOUIS, MO 63012

1003181
n/a

2.0 SITE & BUILDING INFORMATION

Note:

The following parameter values are provided to SunLink by the Customer. It remains the responsibility of the Customer
to verify with the Engineer of Record and with the Building Official that these values are appropriate for this project, and
to notify SunLink immediately if these parameters require adjustment.

2.1  Building Occupancy Category

2.2 Building Roof Height

2.3 Roofing Surface

2.4 Maximum Roof Slope

2.5  Basic Wind Speed (3 sec gust)

2.6 Wind Exposure Category

2.7  Wind Site Topographic Effects

2.8  Ground Snow Load Pg =
2.9  Site Latitude | Longitude (deg)

2.10 Soil Site Class

50 ft
TPO
8 %
90 mph
B
None
20 psf
38.622 |-90.191
D

Notes / Reference:

3.0 ARRAY CONFIGURATION & WEIGHT (EXCLUDING BALLAST)

3.1  Array Layout Drawing

3.2 Sub-array(s)

3.3 Module Manufacturer

3.4  Module

3.5  Module Tilt Angle

3.6 Row Spacing Type

3.7 Row Repeat Spacing

3.8 Number of Modules

3.9  Array Planform Area (pfa)

3.10 Module Area ft?
3.11 Module Weight Ib
3.12 SunLink RMS Weight Ib
3.13 Array Weight (Modules + RMS) Ib
3.14 Array Weight / Planform Area

SunLink Corporation
Proprietary & Confidential

Notes / Reference:

1003181-GSKSAINTLOUIS-053111-ENG-R3

1,2,3&5
REC Solar
REC235PE
5o
Standard
47.5 in
224

5002 ft’

Per Module  Array Total

17.76
39.60

3,979
8,870
18.65 4,178
58.25 13,048

2.61 psf

1003181 GLAXO SMITH KLINE

Per Customer (spec. sheet attached)

Per Customer & layout drawing

Per Customer & layout drawing

Roof area covered by array

Per attached module spec. sheet

= Wrms
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SunLink Roof Mount System
Structural Engineering Load Advisory co
i\-

SUNLINEK’

4.0 DESIGN PARAMETERS

Notes / Reference:

4.1 Wind
4.1.1 Air Mass Density Constant 0.00256
4.1.2 Velocity Press. Exp. Coefficient K, = 0.81 ASCE 7-05 Table 6-3
4.1.3 Topographic Factor K = 1 See Line 2.3 above
4.1.4 Importance Factor | = 1.00 ASCE 7-05 Table 6-1 based on Line 2.1
4.1.5 Directionality Factor Ky = 0.85 ASCE 7-05 Table 6-4
4.1.6 Basic Velocity Pressure, qj, an = 14.3 psf ASCE 7-05 Equation 6.15
Note:

Wind pressures on the SunLink RMS are determined per the ASCE 7-05 Method 2 approach: p = q,GC, Gust effect factors
and pressure coefficients have been determined from boundary layer wind tunnel testing specific to the SunLink RMS.
The testing is proprietary to SunLink, and the resulting coefficients are not reported here. The testing conforms to ASCE
7-05 Method 3 (Section 6.6).

4.2  Snow

4.2.1 Exposure Factor Ce= 1.0 ASCE 7-05 Table 7-2

4.2.2 Thermal Factor C = 1.2 ASCE 7-05 Table 7-3 (unheated)

4.2.3 Importance Factor | = 1.0 ASCE 7-05 Table 7-4

4.2.4 Flat Roof Snow Load Pr = 20.0 psf=0.7-C;Cyl-pg > 1+(pg < 20 psf)  ASCE 7-05 Eq. 7-1
4.2.5 Roof Slope Factor C = 1.0 ASCE 7-05 Fig. 7-2 (obstructed)

4.2.6 Sloped Roof Snow Load Ps = 20.0 psf=Cyps  ASCE 7-05 Eq. 7-2

SunLink Corporation
Proprietary & Confidential 1003181 GLAXO SMITH KLINE 5/31/2011



SunLink Roof Mount System
Structural Engineering Load Advisory co
i"

SUNLINEK’

5.0 TILT BRACKET BEARING LOADS ON ROOF (NO UPLIFT RESISTANCE)

Notes / Reference:

5.1.1 Tilt Bracket (TB) Bearing Width 11.00 in
5.1.2 Tilt Bracket (TB) Length 15.50 in
5.1.3 Tilt Bracket (TB) Bearing Area 1.18 ft*
Dead Load
3x1 panels 4x1 panels
5.2.1 Interior TB Reaction Ib 88 114 D
5.2.2 Bearing Pressure on Roof psf 74 96 Assuming uniform bearing under TB
5.2.3 Factored Interior TB Reaction Ib 123 160 ASCE 7 Section 2.3.2 Eq.1: 1.4:D
5.2.4 Bearing Pressure on Roof psf 104 135 Assuming uniform bearing under TB
Wind
Maximum Tilt Bracket Reactions
Wind Load Only 3x1 panels  4x1 panels
53.1 Wind Downward Force b 273 318 W nax
Combined Wind & Dead Loads
5.3.2 Interior TB Reaction Ib 542 646 ASCE 7 Section 2.3.2 Eq. 4: 1.2:D+1.6-W, .,
5.3.3 Bearing Pressure on Roof psf 458 546 Assuming uniform bearing under TB
Average Tilt Bracket Reactions
5.3.4 No. of Adjacent TB's Required: 7 5 If the number of adjacent TB's is less than this, use linear

interpolation between Lines 5.3.2 and 5.3.6.

Wind Load Only:

5.3.5 Wind Downward Force ) 68 91 wW
Combined Wind & Dead Loads
5.3.6 Interior TB Reaction Ib 214 282 ASCE 7 Section 2.3.2 Eq. 4: 1.2:D+1.6:W
5.3.7 Bearing Pressure on Roof psf 181 238 Assuming uniform bearing under TB
Note:
Design wind pressure acting on the modules decreases as the amount of module area that the wind is acting on
increases.

If a structural roof element is supporting just one tilt bracket (such as decking, perhaps), it should be checked for the
wind downward load in Line 5.3.1 acting at the tilt bracket location.

If a structural roof element is supporting at least the number of tilt brackets shown in Line 5.3.4 (such as a roof joist,
beam, or girder) it should be checked for the wind downward load in Line 5.3.5 acting at each of the tilt bracket
locations.

If a structural roof element is supporting more than one tilt bracket, but less than the number of tilt brackets shown in
Line 5.3.4, linear interpolation can be used to determine the downward load at each tilt bracket, as stated in the notes
onLine 5.3.4.

Once the wind load has been determined by the above method, the structural roof element should be checked for
combined wind & dead loads.

SunLink Corporation
Proprietary & Confidential 1003181 GLAXO SMITH KLINE 5/31/2011



SunLink Roof Mount System
Structural Engineering Load Advisory c
P

SUNLINEK’

Snow

Snow Load Only 3x1 panels  4x1 panels
5.4.1 Snow Load Ib 531 708 S

Combined Snow, Wind, Dead Loads

Maximum Tilt Bracket Reactions
5.4.2 Interior TB Reaction Ib 1173 1524 ASCE 7 Section 2.3.2 Eq.3: 1.2:D+1.6:S+ 0.8 W,
5.4.3 Bearing Pressure on Roof psf 991 1287 Assuming uniform bearing under TB
5.4.4 Interior TB Reaction b 808 1000 ASCE 7 Section 2.3.2 Eq. 4: 1.2:D+1.6-W,, +0.5-S
5.4.5 Bearing Pressure on Roof psf 682 845 Assuming uniform bearing under TB

Average Tilt Bracket Reactions
5.4.6 Interior TB Reaction Ib 1009 1342 ASCE 7 Section 2.3.2 Eq. 3: 1.2:D+1.6:S+0.8-W
5.4.7 Bearing Pressure on Roof psf 852 1133 Assuming uniform bearing under TB
5.4.8 Interior TB Reaction Ib 479 636 ASCE 7 Section 2.3.2 Eq. 4: 1.2:D+1.6-W +0.5:S
5.4.9 Bearing Pressure on Roof psf 405 537 Assuming uniform bearing under TB

6.0 BALLAST PAN CONFIGURATION

Notes / Reference:

6.1  Ballast block weight 24 lbs See Note 1 below
6.2  Coefficient of friction M= 0.47 See Note 2 below
Ballast Pan Type Type | Type Il Type

6.3  Ballast pan self-weight 2.6 5.2 0

6.4  No. of ballast blocks / pan 6 10 0

6.5  Total weight / pan Wy, = Ibs 146.6 245.2 0

6.6 Ballast pan dimension 'A' in 27.3 27.3 n/a

6.7 Ballast pan dimension 'B' in 12 12 n/a

6.8 Ballast pan dimension 'C' in 12 24 n/a

6.9  Bearing pressure under ballast psf 733 61.3 n/a

(assuming uniform ballast block stacking)
BALLAST PAN

\
LONG LINK ‘\

A ] \
Notes: = '/§<' \‘\\ B ROOF

1. Ballast assumed to be 12 x 12 nominal blocks ‘ ‘ \ \
(pavers) equally distributed on both sides of
ballast pan. Cross tie wires are required unless //
blocks are adhered to the pan and to each other ’
with a suitable waterproof adhesive. If blocks
used are a different nominal size or are a

different weight than assumed here, notify
SunLink.

BALLAST PAN ELEVATION

NOTE: PAVERS NOT SHOWN

2. Customer / EOR to notify SunLink if a different © TArray North
friction coefficient should be used.

BALLAST PAN PLAN

SunLink Corporation
Proprietary & Confidential 1003181 GLAXO SMITH KLINE 5/31/2011



SunLink Roof Mount System
Structural Engineering Load Advisory

CQ

SUNLIMNEK

7.0 SUB-ARRAY TABLE

ITEM units EQUATION SUB-ARRAY

Sub-array 1 2 3 5 Totals

Number of modules 56 70 56 42 224

Planform area sf pfa 1234 1542 1256 970 5002

Unballasted weight Ib D = wgys-pfa 3219 4024 3276 2529 13048

Module area sf 995 1243 995 746 3979

South slope angle deg €] 4.74 4.74 4.74 4.74

Wind load :

Wind load Ib w 2554 3192 2554 1915

Total lift Ib W, = W-cos(tilt) 2544 3180 2544 1908

Total drag Ib Wp=W:-sin(tilt) 223 278 223 167

Array weight:

Slope Factor Ib K=cos(@) - sin(0) / u 0.82 0.82 0.82 0.82

Weight required for lift b D, =W, /(0.6 cos(0)) 4256 5320 4256 3192

Weight required for drag Ib Dp=Dyn - Dy 1873 2341 1873 1404

Minimum weight required b Dyin= Wp /(0.6:p-K) + W, /(0.6-K) 6129 7661 6129 4596

Ballast:

Minimum ballast required  Ib Byin =Duin-D 2910 3637 2852 2067

Number of Type | ballast pans N, 16 18 16 12 62

Number of Type Il ballast pans Ny, 4 7 8 7 26

Number of Type IlI ballast pans Ny

Total number of ballast pans N =2N; 20 25 24 19 88

Ballast weight Ib By = ZNi-Wgp, 3326 4355 4307 3476 15464

Total weight Ib D;=D+B; 6545 8379 7584 6005 28513

Dist. Weight / pfa psf w,, = D;/ pfa 5.30 5.43 6.04 6.19 5.70
Propriatary & Gonfidentia 1003181 GLAXO SMITH KLINE 5312011




SunLink Roof Mount System

Structural Engineering Load Advisory

[P,
'

SUNLINEK’

The following information pertains to the proposed SunLink Roof Mount System (RMS) for the subject project only. Itis

intended for use by the Engineer of Record (EOR) for structural adequacy evaluation of the building supporting the array.

1.0 GENERAL PROJECT INFORMATION

1.1 Customer

1.2  Building / Array Owner
1.3  Array Location

1.4  Quote Number

1.5  Sales Order Number

SOUTHERN ENERGY MANAGEMENT

GLAXO SMITH KLINE

320 SOUTH BROADWAY, SAINT LOUIS, MO 63012

1003181
n/a

2.0 SITE & BUILDING INFORMATION

Note:

The following parameter values are provided to SunLink by the Customer. It remains the responsibility of the Customer
to verify with the Engineer of Record and with the Building Official that these values are appropriate for this project, and
to notify SunLink immediately if these parameters require adjustment.

2.1  Building Occupancy Category

2.2 Building Roof Height

2.3 Roofing Surface

2.4 Maximum Roof Slope

2.5  Basic Wind Speed (3 sec gust)

2.6 Wind Exposure Category

2.7  Wind Site Topographic Effects

2.8  Ground Snow Load Pg =
2.9  Site Latitude | Longitude (deg)

2.10 Soil Site Class

80 ft
TPO
8 %
90 mph
B
None
20 psf
38.622 |-90.191
D

Notes / Reference:

3.0 ARRAY CONFIGURATION & WEIGHT (EXCLUDING BALLAST)

3.1  Array Layout Drawing

3.2 Sub-array(s)

3.3 Module Manufacturer

3.4  Module

3.5  Module Tilt Angle

3.6 Row Spacing Type

3.7 Row Repeat Spacing

3.8  Number of Modules

3.9  Array Planform Area (pfa)

3.10 Module Area ft?
3.11 Module Weight Ib
3.12 SunLink RMS Weight Ib
3.13 Array Weight (Modules + RMS) Ib
3.14 Array Weight / Planform Area

SunLink Corporation
Proprietary & Confidential

Notes / Reference:

1003181-GSKSAINTLOUIS-053111-ENG-R3

4
REC Solar
REC235PE

5o

Standard
47.5 in

84
1939 ft’

Per Module  Array Total
17.76 1,492
39.60 3,326
18.81 1,580
58.41 4,906

2.53 psf

1003181 GLAXO SMITH KLINE

Per Customer (spec. sheet attached)

Per Customer & layout drawing

Per Customer & layout drawing

Roof area covered by array

Per attached module spec. sheet

= Wrms

5/31/2011




SunLink Roof Mount System
Structural Engineering Load Advisory co
i\-

SUNLINEK’

4.0 DESIGN PARAMETERS

Notes / Reference:

4.1 Wind
4.1.1 Air Mass Density Constant 0.00256
4.1.2 Velocity Press. Exp. Coefficient K, = 0.93 ASCE 7-05 Table 6-3
4.1.3 Topographic Factor K = 1 See Line 2.3 above
4.1.4 Importance Factor | = 1.00 ASCE 7-05 Table 6-1 based on Line 2.1
4.1.5 Directionality Factor Ky = 0.85 ASCE 7-05 Table 6-4
4.1.6 Basic Velocity Pressure, qj, an = 16.3 psf ASCE 7-05 Equation 6.15
Note:

Wind pressures on the SunLink RMS are determined per the ASCE 7-05 Method 2 approach: p = q,GC, Gust effect factors
and pressure coefficients have been determined from boundary layer wind tunnel testing specific to the SunLink RMS.
The testing is proprietary to SunLink, and the resulting coefficients are not reported here. The testing conforms to ASCE
7-05 Method 3 (Section 6.6).

4.2  Snow

4.2.1 Exposure Factor Ce= 1.0 ASCE 7-05 Table 7-2

4.2.2 Thermal Factor C = 1.2 ASCE 7-05 Table 7-3 (unheated)

4.2.3 Importance Factor | = 1.0 ASCE 7-05 Table 7-4

4.2.4 Flat Roof Snow Load Pr = 20.0 psf=0.7-C;Cyl-pg > 1+(pg < 20 psf)  ASCE 7-05 Eq. 7-1
4.2.5 Roof Slope Factor C = 1.0 ASCE 7-05 Fig. 7-2 (obstructed)

4.2.6 Sloped Roof Snow Load Ps = 20.0 psf=Cyps  ASCE 7-05 Eq. 7-2

SunLink Corporation
Proprietary & Confidential 1003181 GLAXO SMITH KLINE 5/31/2011



SunLink Roof Mount System
Structural Engineering Load Advisory co
i"

SUNLINEK’

5.0 TILT BRACKET BEARING LOADS ON ROOF (NO UPLIFT RESISTANCE)

Notes / Reference:

5.1.1 Tilt Bracket (TB) Bearing Width 11.00 in
5.1.2 Tilt Bracket (TB) Length 15.50 in
5.1.3 Tilt Bracket (TB) Bearing Area 1.18 ft*
Dead Load
3x1 panels 4x1 panels
5.2.1 Interior TB Reaction Ib 88 114 D
5.2.2 Bearing Pressure on Roof psf 74 96 Assuming uniform bearing under TB
5.2.3 Factored Interior TB Reaction Ib 123 160 ASCE 7 Section 2.3.2 Eq.1: 1.4:D
5.2.4 Bearing Pressure on Roof psf 104 135 Assuming uniform bearing under TB
Wind
Maximum Tilt Bracket Reactions
Wind Load Only 3x1 panels  4x1 panels
5.3.1 Wind Downward Force b 313 364 W ax
Combined Wind & Dead Loads
5.3.2 Interior TB Reaction Ib 605 719 ASCE 7 Section 2.3.2 Eq. 4: 1.2:D+1.6-W, .,
5.3.3 Bearing Pressure on Roof psf 511 607 Assuming uniform bearing under TB
Average Tilt Bracket Reactions
5.3.4 No. of Adjacent TB's Required: 7 5 If the number of adjacent TB's is less than this, use linear

interpolation between Lines 5.3.2 and 5.3.6.

Wind Load Only:

5.3.5 Wind Downward Force ) 78 104 W
Combined Wind & Dead Loads
5.3.6 Interior TB Reaction Ib 230 303 ASCE 7 Section 2.3.2 Eq. 4: 1.2:D+1.6:W
5.3.7 Bearing Pressure on Roof psf 194 256 Assuming uniform bearing under TB
Note:
Design wind pressure acting on the modules decreases as the amount of module area that the wind is acting on
increases.

If a structural roof element is supporting just one tilt bracket (such as decking, perhaps), it should be checked for the
wind downward load in Line 5.3.1 acting at the tilt bracket location.

If a structural roof element is supporting at least the number of tilt brackets shown in Line 5.3.4 (such as a roof joist,
beam, or girder) it should be checked for the wind downward load in Line 5.3.5 acting at each of the tilt bracket
locations.

If a structural roof element is supporting more than one tilt bracket, but less than the number of tilt brackets shown in
Line 5.3.4, linear interpolation can be used to determine the downward load at each tilt bracket, as stated in the notes
onLine 5.3.4.

Once the wind load has been determined by the above method, the structural roof element should be checked for
combined wind & dead loads.

SunLink Corporation
Proprietary & Confidential 1003181 GLAXO SMITH KLINE 5/31/2011



SunLink Roof Mount System
Structural Engineering Load Advisory c
P

SUNLINEK’

Snow

Snow Load Only 3x1 panels  4x1 panels
5.4.1 Snow Load Ib 531 708 S

Combined Snow, Wind, Dead Loads

Maximum Tilt Bracket Reactions
5.4.2 Interior TB Reaction Ib 1204 1561 ASCE 7 Section 2.3.2 Eq.3: 1.2:D+1.6:S+ 0.8 W,
5.4.3 Bearing Pressure on Roof psf 1017 1318 Assuming uniform bearing under TB
5.4.4 Interior TB Reaction b 871 1073 ASCE 7 Section 2.3.2 Eq. 4: 1.2:D+1.6-W,, +0.5-S
5.4.5 Bearing Pressure on Roof psf 735 906 Assuming uniform bearing under TB

Average Tilt Bracket Reactions
5.4.6 Interior TB Reaction Ib 1017 1352 ASCE 7 Section 2.3.2 Eq. 3: 1.2:D+1.6:S+0.8-W
5.4.7 Bearing Pressure on Roof psf 859 1142 Assuming uniform bearing under TB
5.4.8 Interior TB Reaction Ib 495 657 ASCE 7 Section 2.3.2 Eq. 4: 1.2:D+1.6-W +0.5:S
5.4.9 Bearing Pressure on Roof psf 418 555 Assuming uniform bearing under TB

6.0 BALLAST PAN CONFIGURATION

Notes / Reference:

6.1  Ballast block weight 24 lbs See Note 1 below
6.2  Coefficient of friction M= 0.47 See Note 2 below
Ballast Pan Type Type | Type Il Type

6.3  Ballast pan self-weight 2.6 5.2 0

6.4  No. of ballast blocks / pan 6 10 0

6.5  Total weight / pan Wy, = Ibs 146.6 245.2 0

6.6 Ballast pan dimension 'A' in 27.3 27.3 n/a

6.7 Ballast pan dimension 'B' in 12 12 n/a

6.8 Ballast pan dimension 'C' in 12 24 n/a

6.9  Bearing pressure under ballast psf 733 61.3 n/a

(assuming uniform ballast block stacking)
BALLAST PAN

\
LONG LINK ‘\

A ] \
Notes: = '/§<' \‘\\ B ROOF

1. Ballast assumed to be 12 x 12 nominal blocks ‘ ‘ \ \
(pavers) equally distributed on both sides of
ballast pan. Cross tie wires are required unless //
blocks are adhered to the pan and to each other ’
with a suitable waterproof adhesive. If blocks
used are a different nominal size or are a

different weight than assumed here, notify
SunLink.

BALLAST PAN ELEVATION

NOTE: PAVERS NOT SHOWN

2. Customer / EOR to notify SunLink if a different © TArray North
friction coefficient should be used.

BALLAST PAN PLAN

SunLink Corporation
Proprietary & Confidential 1003181 GLAXO SMITH KLINE 5/31/2011



SunLink Roof Mount System
Structural Engineering Load Advisory

CQ

SUNLIMNEK

7.0 SUB-ARRAY TABLE

ITEM units EQUATION SUB-ARRAY

Sub-array 4 Totals

Number of modules 84 84

Planform area sf pfa 1939 1939

Unballasted weight Ib D = wgys-pfa 4906 4906

Module area sf 1492 1492

South slope angle deg €] 4.74

Wind load :

Wind load Ib w 4381

Total lift Ib W, = W-cos(tilt) 4364

Total drag Ib Wp=W:-sin(tilt) 382

Array weight:

Slope Factor Ib K=cos(@) - sin(0) / u 0.82

Weight required for lift Ib D, =W, /(0.6 cos(©)) 7301

Weight required for drag Ib Dp=Dyn - Dy 3213

Minimum weight required Ib Dyin= Wp /(0.6:p-K) + W /(0.6-K) 10514

Ballast:

Minimum ballast required Ib Byin =Duin-D 5608

Number of Type | ballast pans N, 20 20

Number of Type Il ballast pans [\ 22 22

Number of Type IlI ballast pans Ny

Total number of ballast pans N =2N; 42 42

Ballast weight Ib By = ZNi-Wpgp; 8326 8326

Total weight Ib D;=D+B; 13233 13233

Dist. Weight / pfa psf w,, = D; / pfa 6.82 6.82
Propriatary & Gonfidentia 1003181 GLAXO SMITH KLINE 5312011




HIGH PERFORMANCE
SOLAR MODULES

SERIES

REC Peak Energy (PE)-Series modules
are the perfect choice for building solar
systems that combine long lasting
product quality with reliable power
output.

MORE POWER ROBUST AND
PERFT? DURABLE DESIGN

&
>

S

ENERGY PAYBACK US-PRODUCED
TIME OF ONE YEAR SILICON

/

/




39.02"

o
ﬁ% = — IV CHARACTERISTICS 235W MODULE
9
8 — w1000 Wsgm
7 N\ 800 Wsgm
=6 \ = 600Wsqm
£ 5 — 400Wsqm
z4 == 200 Wsgm
23
2
1 e —
fa 0 N\
Nk 0 5 10 15 20 25 30 35 40
VOLTAGE (V)
EFFICIENCY
- -
: MONTHS WORKMANSHIP WARRANTY
. . & YEAR POWER OUTPUT WARRANTY
”-ﬁ" 37.40"

ELECTRICAL DATA @ STC REC21S5PE REC220PE REC225PE REC230PE REC235PE REC240PE GENERAL DATA

(BLK) (BLK) (BLK) (BLK) (BLK) (BLK)

j Cell Type 60 REC PE multi-crystalline cells

Peak Power Watts-P, . (Wp) 215 220 225 230 235 240 3 strings of 20 cells - 3 by-pass diodes
Watt Class Tolerance-P., (W) 0/+5 0/+5 0/+5 0/+5 0/+5 0/+5 Glass el ey el s
Watt Class Tolerance-P,, (%) 0/+2 0/+2 0/+2 0/+2 0/+2 0/+2 antireflection surface treatment
MaximumPower Voltage-V, (V) ~ 283 287 291 294 298 304 Sl SUEIE TEe oy
. Back sheet Double layer
Maximum Power Current-1,..(A) 7.6 7.7 7.7 7.8 7.9 7.9 high performance polyester
Open Circuit Voltage -V (V) 363 366 368 371 374 377 | Frame Black anodized aluminium
Short Circuit Current-1.(A) 81 8.2 82 83 83 84 Cable Radox 4 mm2solar cables
Module Efficiency (96) 130 133 136 139 142 145 35in+47in
Connector Radox 4mm?twist locking connector

Values at Standard Test Conditions STC (Air Mass AM1.5, Irradiance 1000 W/m?, Cell temperature 25°C)

TEMPERATURE RATINGS (235 W RATED MODULE) WARRANTY

Nominal Operating Cell Temperature (NOCT) 479°C(x2°C) 10years limited warranty of 90% power output
Temperature Coefficientof P, -0.46 %/°C 25years limited warranty of 80% power output
Temperature Coefficientof V. -0.32%/°C 63 months workmanship warranty
Temperature Coefficient of I 0.011%/°C
Dimensions 65.55x39.02x1.5in Operational Temperature -40...+80°C
@ ( E D Area 17.76 ft2 Maximum System Voltage 600V
LISTED Weight 3961bs Design Load (UL1703) 75.2 |bs/ft2(3600Pa)
Certified according to UL1703, Maximum Load (IEC 61215) 551 kg/m? (5400 Pa)
IECEI2I5and [EC61730 Maximum Wind Speed 122 mph (safety factor 3)
Max Series Fuse Rating 15A
Max Reverse Current 15A

RECis aleading vertically integrated player in the solar energy industry. REC is among the world's

largest producers of polysilicon and wafers for solar applications, and arapidly growing

manufacturer of solar cells and modules. REC s also engaged in project development activities in Note! Specifications subject to change without notice.
selected PV segments. Founded in Norway, REC s an international solar company, employing

more than 4,000 people worldwide. REC had revenues in excess of NOK 9 billion in 2009,

approximately EURThillion and approximately USD 1.4 billion.

Please visit www.recgroup.com

REC

REC Solar USLLC

PO Box 3416

San Luis Obispo, CA93403
USA

www.recgroup.com




v | 3 v v | s 9
>>V_ V NN wOm” om mmN ml Lm_ow omm ‘anoge paje)s asn ay) o} Jdeoxa ainguisip 1o Adoo jou GD\” ‘umoys wayskg Bununopy —\ w P mo o P
mm (5a) IndinG somog o — Uy L opon aInpoyy u_«.,epe_ci é:.:% aujo cc,_m__m_mﬁ oy “_«.,n sm 0} Ajuo pasn 11 Jeu) uoRpUOD.
SMINITNNS 84} UO PapIAIA S1 3| “UONEI0dI0D HurTUNg O} Asejalidoid S BUIMEIP SIU) UO UOREWIOJU! 8L JoquinN @1 eloid|
onss| ¢10€9 O 'SINOT LNIVS 'AVMAVO¥d HLNOS 0¢E ... LONPIO%00 MIKNS 11020 L1 ke LE vr
)».\ 9E96'GZ6'G 1 4 0596'GZ6'G 1Ly A Sy powRdl S3LON AVHYY 0300V ‘NOILYOOT SNVd LSV11vVe aINIFIA | Li-le-so | €
Ol_ m ANITY HLINS OXV1D oo f\s.’ WOOHUIUNS MMM 106v6 VO T3V4VH NVS 00 31S 1S €00} L1 ke gz - R\ e IONIYISYILNI LINIWAIND3 ¥3d SLXE OL AIONVHO SIXp (¥)- 8D | LI-b2-50 | 2d
o - SINIWWOD ¥IWOLSND ¥3d QISIATY - ¥D | 1650 | 1d
LININIOVNVIN ADHIANT NHIIHLNOS NOILVHdOdd 03 ANITINNS €H-ONI-}11ES0-SINOTLNIVSHSO-1 8100} $334930 01 1V 34962 I3 HLIM NOLLINIIZA LNOAVI " M3 | 11-81-50 | OY
soquin 100us sowoisno| o] ondiosea Beq | onsl
“4TA'SIINAON
TV 01 $3903
*paouaiael st Inokey sIyy YoIyMm Eowwovw_o.mw _.._W__M STANV bXp ¥l N
Joj 1aye] poddng peoT puip ubisaq Aeiry 8y 0} Jajal ‘uohewlojul Buipeo| pue JyBlem Aesse 104 SONIMLS IINAONW-¥L ¥
) Jepe] 'S Peo pui ubiseq Aeuy au) o) oy ojut Buipeoy pue 1y 4°9 om NI g o e /\/V/DO
“apnine| 10efoud je | Avydv-ans
Y)0Z SUNF UO UOOU JE|OS JBY. SINOY € [JUN 810j2q SINOY € PUB PUZZ JOGIS8OAQ UO UOOU JejoS Jaye
SINOY Z [JUN 810J8q SINOY Z 10} YUITUNG AQ PauIuLIB)ep USB] SABY UMOYS SBUOZ PBjodye 9peyS ‘G /
“syuswnoop josfoid
s,Aped ) @jeudoidde o) Jajey HuIqung Aq Jou ale Jojo8uu0d pue [ ¥ o b [ d ] i
SjusUOdWO 91198} ‘UONDB10d BUlO0I SE 4oNS ‘SlusWSIINDaI UOREIIRISUI [BUOIIPPE (1Yt _
o h
“suononsul Alquiessy jurung auy Jed JuIung [e [esul Q3LLINO STINAON Z D
Jurung Aue BuiApoLL 1o BumLo ‘Buneaojal ‘Umous Joe| e BUIAIPOW B10jaq YUITUNS AON '€ v 1 P Od = 5 = =
. . SONIYLS IINAON-VL € = Q3LLINO S3INAOW L
uopelfeisul BuiuuiBaq 810jeq PiY U} Ul SUOISUSLUIP Y WIUOD JUITUNG AQ PayLeA USaq Jou S3TNAON Zb g N _|_A b STANV IXE LI
sey pue Jawoisny ay) Aq papiroid usaq sey uon 1 199loud Jayo pue 1 doyooy ‘Z S Avaav-ans 5] HDH STANVd LXP 9 o | p
ONIMLS IINAOWHL ¥
oaloid siy) 10§ SjuaLOAWIND WalSAS BURUNOJY HUITUNS JO UEaO] painbal [ d O 39000 86 .E N Pl
By} pue J001 BuIp|INg 8UY} UO ABLIE B} JO UOHEIO| 84} MOYS 0} SI Buimesp siy} Jo asodind ey *| \ o} [ b T Avauv-ans °
‘dAL ‘FINCOW QILLINO e I =
S3LON
[] (4 .
- i $10108UUOD DM 0 J8qWNN NMOHS SV a.034 E P W o _ E! 5]
E g
- i $1008UU0D YDZ JO JequInN SHNITIVE3LYT 7 = I
vz (sI) IV Joned 1seijeg pbay g b [T &1
2.6 pauinbay siened Jo JaquinN SMOY 3903 HLHON [ 2
oL 9 ued jse|leg Jod sioned AVHYY-aNs 1V zo\ g £ : [ .S +
pve s SUed 15eleg Jo 10NN S¥01031430 ANIM E _ jwm
4 zL 9215 ued Jse|ieg Ml / i \
11 8dAL 1odAL adA] ued ise|eg 7 T _ _W_L 7 =] 0 _— —
] . M
SNMOQ QT0H [} T I M E
b
ST LLX.SG) 025 aseg sjoyoe.g lIlL L1769 (;) BOsy uLojuely L _
S silua pield Sy (up) Buioeds moy-Jalu| = 3 = 5
g
€61 sy Buoq S (sea1bap) a|buy JiL b a =
o Sy essre] N.Z'LZ L€ .8E spnie peloid g =
Q3L1INO S3TNAOK ¢ 5
sjaxoe Mmoy-pu -
o 19%081g JILL MOY-PUT (,4) ealy Jooy s ey = i N W
861 sjoxoeIg 088 05 () WBleH Jooy STANVd Lxb 61 ! |
7 SaINPOI PERIWIO e sBuws Jo 'oN SN O e 3 B I SR g
0 sjeued |xg 14 ybua bums 0a ¥ AVaEv-ans I b [ >,
1z sloued |xg S€Z aBenem anpoiy P o H )
dAL 1 3dAL NVd LSVTIvE
€9 sfeued Lxy 80¢€ S8INPOIN JO "ON - / S
d b STANV 1XE 9
SmuL skewy-ans STENVA X 8L ‘dAL ‘Il AL Nvd 1SV TIvE
NOILLYWHOSNI AvadY = = SONINLS FINAON-HL §
S3INAON 02
3 o b Z Avav-ans
be n a
g o g
YA
) ﬂ 1
we i
uh
f 7]
X
. [
. a . M
¢V Wy




z

MAY'gL

(0@) inding Jemod

80¢ oG

S3INPON 40 'ON aibuy 1L

G€¢ 3d Jejos 03y

eInpoyy|

€y

anss|

ZL0E9 O ‘SINOT LNIVS ‘AVMAVOHg HLNOS 0Z€

uoneoo|

ANITM HLINS OXV19

welosd|

L1S

Jequiny 10ayg|

LININIOVNVIN ADHINT NYIHLNOS

sewojsno)

JANITTNNS

o R
|

v v

anoge pajers asn au) 1o} 1de0xe
SIMPOJY AIZOADIONG HUIIUNS BU) 4O Lol

1p 10 Adoo 10U 0Q ‘Mo waISAS Bununoyy
au) @1enyoe) 0} Auo PasN 1} 1ey) UoRPUOD

18LE00L

41 U0 POPIACI] S1 11 UONEI04100 YurTUNS 0} Ase1alidoid st BUIMEIP S1U) UO UONBUWLOJI BUL JoquInN 1 10olos|
uopesodiod YuIuns LL0Z @
L1 Aew Le . e
9896'GZ6'G LY 4 05965261y A eq) PRI
WO YUIUNS" MMM L06¥6 YO 13V4VH NVS 00¥ 31S 1S 8010} 11 ke 6z o) awv ueig]

€4 ON3-111E€S0-SINOTLNIVSMSO-18LE00L

S3ILON AV¥Y 030AV ‘NOILYOO1 SNVd LSV 11vE aaNId3a
JONIHIJYILNI INIWINDI HId SEXE OL AIDONVHD SIXY (¥) - 4D
SLNIWWOD YIWOLSND ¥3d QISIAIY - ¥

$33¥930 01 1V 3dSEZ O3 HLIM NOILINIZIA LNOAVT - ¥D

Li-le-s0
L-v2-50
L1-61-50
L1-81-50

NOILVHdO0dd03 JANITTINNS

i

uondiosag

sea

onssi

W0-L = .v/L 81edg 14
il I il
W .
(D] (1] (N (N N1/}
i i il T i T T il
(D] N1/}
i il T T m, T
m -
I il i il # Ll
(D] (1] [/} /
i il L , ] T EIN /
3NV Xy
i /_ﬁg_H__ / VS ¥IMO1
il i m i Ll o VS ¥3ddn
(] 1 / SINITIYNIGNLIONOT
il i — % ?/ 1350y LIL
DWH_ // / T3NVd LXE
1 L I - NI TVHILYT
13MOovyE
INIWAIND3 400Y (3) MO ANz
37INACW A3 LLINO
YOLD31430 ANIM
w0k =l OIS08 Aiquiassy [oued - uonoas | b || 40~ =1 10leos 1selled - Uoog | ¢

7

7

YVdS ¥3IMO1
JINIIVNIGNLIONOT

(NV1d ¥3d) ¥NITV¥3LYT
YVdS ¥3ddn

3SVE LPDVHE 111
Y3IA0D LIIVYE L1IL
22018 LOAId

3INAOCW

30V4dNs 400y
3YIM 31L-SSOYOD
Nvd LSvTvea
MNITIVNIGNLIONOT

SNOILONYLSNI ATENISSY B
S3LON 33S - SY3AVd LSY1ve

ﬁ ¥OL031430 ANIM

“dAL “LON B M3IYDS
dVD AV3H X3H 13315 $$31
-NIVLS ¥O€E 3dAL @.8/€

SHIAVd LSVTIvE
TVYNIWON 2T X, 2T

JHIM 3IL
2018 YOHONY

S3TNAON N3I3IML38
2018 dWV1D




