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Executive Summary  

This report presents the results of the noise assessment study required for Solar Facilities under 
Regulation 359/09, as part of the Renewable Energy Approval Process (REA). 

RE Orillia 1 ULC has retained Hatch Ltd. (Hatch) to prepare a Noise Assessment Study for the 
RE Orillia 1 Solar Project, with an installed capacity of 10 MW.  The Project will be located about 
7 km southwest of Orillia, Ontario, in the Township of Oro-Medonte.  

This Noise Impact Assessment has been prepared based on the document entitled “Basic 
Comprehensive Certificates of Approval (Air) – User Guide” by the Ontario Ministry of the 
Environment (MOE).  The sound pressure levels at the points of reception (POR) have been estimated 
using ISO 9613-2, implemented in the CADNA-A computer code.  The performance limits used for 
verification of compliance correspond to the values for Class 3 areas (45 dBA for day time, 40 dBA 
for night time).  The results presented in this report are based on the best available information at this 
time.  It is the intention that, in the detailed engineering phase of the Project, certified noise data 
based on final plans and designs will confirm the conclusions of this noise study.  

Based on the results obtained in this study, we believe that the sound pressure levels at POR will not 
exceed MOE requirements for Class 3 areas (rural).  Any noise issues that might arise during 
commissioning will be manageable and can be resolved by implementing typical remediation 
measures as described in this report.  It is our intention to verify by field measurements taken on 
completion of installation and during commissioning that the noise levels at the POR are within the 
limits set by the MOE. 
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1. Introduction 

This report presents the results of the noise assessment study required for Solar Facilities under 
Regulation 359/09, as part of the Renewable Energy Approval Process (REA). 

RE Orillia 1 ULC retained Hatch Ltd. (Hatch) to prepare a Noise Assessment Study for the 
RE Orillia 1 Solar Project, with an installed capacity of 10 MW.  The Project will be located about 
7 km southwest of Orillia in the Township of Oro-Medonte.    

The report was prepared according to publication “Basic Comprehensive Certificates of Approval 
(Air) – User Guide, 2004” by the Ministry of the Environment (MOE), and includes a general 
description of the facility, sources and Points of Reception (POR), assessment of compliance, as well 
as all the supporting information relevant to this Project. 

2. Facility Description 

RE Orillia 1 is a solar electric generating facility that will utilize photovoltaic (PV) panels installed on 
fixed racking structures, mounted on the ground.  The PV panels generate DC electricity, which is 
converted to 560-V AC electricity by clusters of inverters.  The 560-V power is transformed to 
13.8 kV by a transformer located at each inverter cluster.  The 13.8-kV power is brought to a single 
central substation transformer to be stepped up for transmission away from the site.  

Since the panels will be ground-mounted and the total nameplate capacity is over 10 kW, 
RE Orillia 1 is considered a Class 3 Solar Facility, according to the classification presented in 
Regulation 359/09.   

A general description of the facility is provided in Table 2.1. 

  Table 2.1  General Project Description 

Project Description Ground-mounted Solar PV, Class 3 
System Nameplate Capacity 10 MW AC/10 MVA 
Local Distribution Company Hydro One Networks Inc. 
Transmission Station Orillia 
Coordinates of Connection Point Latitude - 44.585026°, Longitude ‐ 79.493495° 

 

2.1 Site Location 
The property consists of a parcel of agricultural land totalling approximately 25 ha, located about 
7 km west-southwest of Orillia in the Township of Oro-Medonte.  Figure 2.1 shows the geographical 
location of the Project, as well as areas to be occupied with the PV panels.  The detailed scaled 
Zoning Designation Plan and Area Location Plan drawings are included in Appendix A.  A total of 34 
receptors are located within 1500 m from the substation.   

For modelling purposes, the vegetation that blocks some of the POR from the sources has not been 
incorporated, so the predicted sound levels at these locations may be slightly over predicted. 
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2.2 Acoustical Environment 
The Project will be surrounded by farmland on all sides with a significant marshland area (Langman 
Marsh) located to the north-northeast.  The background noise levels are expected to be typical of 
rural areas, classified as a Class 3 based on Publication NPC-232 by the MOE.  However, some traffic 
noise is expected, mainly during day hours, from local roads (14 Line North, 13 Line Road North).  
The Trans-Canada Highway is located about 3.5 km east of the Project, while Old Barrie Road East is 
2 km south of the area.  Mineral extraction operations, which are performed at quarries less than 
1 km from some POR, also contribute to the background sound levels of the area.  There are no 
airports in a 5-km radius from the Project lands. 

2.3 Life of Project 
The expected life of the RE Orillia 1 Solar Project is 30 years.  The manufacturer’s warranty on the 
PV modules is 25 years and the expected life of solar power plants of this type is 35 to 40 years. 

2.4 Operating Hours  
Solar PV facilities produce electricity during the day hours, when the sun rays are collected by the 
panels.  After sunset, the plant will not receive solar radiation to generate any electricity.  Under 
these conditions, the inverters will not produce noise and the transformers will be energized, but not 
in operation (no fans). 

2.5 Approach to the Study 
The sound pressure levels at the POR were predicted using procedures from ISO 9613-2, which is a 
widely used standard for evaluation of noise impact in environmental assessments.  The sound 
power levels were estimated from the National Electrical Manufacturers Association (NEMA) 
standards for the transformers, or provided by the manufacturer in the case of the inverters.  The 
software package CADNA-A, which implements ISO-9613-2, was used to predict the noise levels at 
the closest POR.  This numerical modelling software is able to handle the sound sources present in 
this Project, as well as considering atmospheric and ground attenuation.  The height contours for the 
site were taken from the Ontario Base Maps (OBM). 

3. Noise Source Summary 

The main sources of noise from the solar facility will be the step-up transformer, located at the 
substation, and five inverter clusters which also include medium-voltage transformers.  Wardrop 
Engineering provided a layout of the solar PV facility (see Figure A3, Appendix A).  The coordinates 
of each source are presented in Appendix B. 

3.1 Substation 
At this point, it is anticipated that the step-up power transformer located in the substation will have a 
capacity of 10 MVA.  In addition, the transformer will be oil-filled with air-forced cooling (ONAF).  
For the purpose of evaluating the potential noise impacts of the transformer, the sound power level 
was estimated using data from NEMA TR1-1993 (2000).  This standard provides maximum sound 
level values for transformers, and manufacturers routinely meet this specification.  Hence, the results 
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based on NEMA slightly overestimate the impact on POR.  The NEMA levels were then converted 
into frequency spectra using empirical correlations for transformer noise (Harris, 1998). 

Power transformers are considered by the MOE to be tonal noise sources.  A 5-dB penalty will be 
added to the sound power spectrum, as recommended by Publication NPC-104, “Sound Level 
Adjustments” for tonality.  Table B2, Appendix B, shows the frequency spectrum used to model the 
substation transformer. 

3.2 Inverter Clusters (Pads) 
At this stage of the Project, RE Orillia 1 ULC is planning to use inverter clusters manufactured by 
Satcon.  Each 1-MW unit contains two 500-kW inverters (Satcon PVS-500).  The main sources of 
noise are the cooling/ventilation fans for the inverter, the inverter itself and the step-up transformer.  
The inverters may be covered in an enclosure, as shown in Figure 3.1.  However, the step-up 
transformer will be located outside the enclosure. 

 

 

 

Figure 3.1 Proposed 1-MW Inverter Cluster (Satcon) - 
   Note the enclosure around 500-kW inverters 

 
The installed capacity of each inverter cluster is 2 MW, as shown in Table 3.1.  Hatch assumed that 
the step-up transformer for each cluster will be dry type, in order to obtain a conservative estimate of 
the sound pressure levels at the POR.  It is expected that the Project will use liquid-immersed, self-
cooled transformer (ONAN). 

Noise data was obtained for two inverter manufacturers:  Satcon and Xantrex.  Both inverters had the 
same capacity at 500 kW.  Xantrex data was more complete, including third-octave band data, and it 
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was also higher than the Satcon in terms of sound power level.  Therefore, Xantrex data was used for 
modelling the inverter clusters (see Appendix B). 

Each inverter cluster was modelled as two point sources:  the inverters and the step-up transformer.  
For both sources, a 5-dBA penalty was added to the frequency spectrum, as stipulated in Publication 
NPC-104, “Sound Level Adjustments” to allow for tonality.  The frequency spectra used for the 
inverter clusters and step-up transformers shown is in Table B2, Appendix B.    

The “barrier effect” provided by the solar panels surrounding the inverter clusters has not been 
modelled, which means that the sound pressure levels predicted at the POR can be higher than 
would be the case if the barrier was accounted for.  Note also that, at night time, the facility will not 
operate.  Under these conditions, the inverters do not produce noise.  The step-up transformers are 
energized and make some magnetostrictive noise at a reduced level but no cooling fans are in 
operation.  None of these assumptions should affect the conclusions of this study. 

3.3 Noise Summary Table 
A summary of the sound sources described above, including sound level, characteristics and 
potential noise control measures, is presented in Table 3.1. 

 Table 3.1  Noise Source Summary 

 
Source 

ID 

 
 

Source Description 

Overall 
Sound Power 

Level 
(dBA) 

 
Source 

Location 

 
Sound 

Characteristics 

Noise 
Control 

Measures 

1 Subs. Transformer: 10 MVA 93.3 O S-T U 
2 Inverter Cluster #1: 2 MW 99.5 O S-T U 
3 Inverter Cluster #2: 2 MW 99.5 O S-T U 
4 Inverter Cluster #3: 2 MW 99.5 O S-T U 
5 Inverter Cluster #4: 2 MW 99.5 O S-T B/E/S 
6 Inverter Cluster #5: 2 MW 99.5 O S-T B/E/S 
7 Transformer Cluster-1 89.7 O S-T U 
8 Transformer Cluster-2 89.7 O S-T U 
9 Transformer Cluster-3 89.7 O S-T U 
10 Transformer Cluster-4 89.7 O S-T B 
11 Transformer Cluster-5 89.7 O S-T B 

Notes: 
1. 5-dBA penalty is included in this table. 
2. Location:   Inside building (I), Outside building (O). 
3. Sound Characteristics:   Steady (S), Tonal (T), Impulsive (I), Quasi-Steady Impulsive (QSI). 
4. Noise Control:   Silencer (S), Acoustic lining (A), Barrier (B), Lagging (L), Enclosure (E), Other (O), 

Uncontrolled (U). 
 

4. Point of Reception Summary 

The POR used in this study have been taken from the OBM for the Orillia area.  Some additional 
receptors (residential buildings) were added based on satellite imagery from Google Earth Pro (2004).  
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The total number of POR within a 1-km radius from the substation is 18 (see Figure A2).  Three of 
these receptors have been chosen as representative for evaluating the noise impact from the facility, 
and are presented in Table 4.1 (see Figure A2 in Appendix A).  The complete set of results is 
included in Appendix C, including a noise map from CADNA-A.  For this study, the elevation above 
ground of the POR is 4.5 m. 

 Table 4.1  Point of Reception Noise Impact (Day Time) 

 
Source 

ID 

POR 10 POR 32 POR 33 
 

Distance 
(m) 

Sound Level 
at POR 10 
(Leq), dBA 

 
Distance 

(m) 

Sound Level 
at POR 32 
(Leq), dBA 

 
Distance 

(m) 

Sound Level 
at POR 33 
(Leq), dBA 

1 189 36.6 312 32.0 1219 12.8 
2 641 23.3 1033 18.0 654 23.0 
3 563 24.6 930 19.1 656 23.0 
4 432 29.5 800 21.5 753 21.5 
5 292 26.3 670 24.2 875 22.7 
6 223 28.5 491 27.2 969 21.6 
7 641 16.1 1033 11.0 654 15.8 
8 563 17.3 930 12.1 656 15.8 
9 432 22.2 800 14.4 753 14.4 
10 292 20.4 670 15.4 875 15.7 
11 223 24.7 491 18.1 969 14.6 

 

5. Impact Assessment 

The purpose of the Acoustic Assessment Report is to demonstrate that the facility is in compliance 
with the noise performance limits.  The RE Orillia 1 Solar plant will be located in a Class 3 Area, 
based on the classification defined in Publication NPC-232 by the MOE.  Class 3 area means a rural 
area with an acoustical environment that is dominated by natural sounds, having little or no traffic, 
such as an agricultural area. 

Table 5.1 shows the Performance Limits set by the MOE for Class 3 Areas, according to Publication 
NPC-232.   

  Table 5.1  Performance Limits (One-Hour Leq) by Time of Day for Class 3 Areas 

 
Time of Day 

One Hour Leq (dBA) 
Class 3 Area 

07:00 - 19:00 45 
19:00 - 23:00 40 
23:00 - 07:00 40 

 
The solar plant will be operating during the day hours, that is, before 19:00 during most of the year.  
However, in the summer months, the sun may shine until past 21:00, although the inverters will be 
well below 100% loading conditions.  This means that during the summer the plant will be operating 
at the time the applicable performance limit changes from 45 dBA to 40 dBA.  At night time, the 
transformer is still energized, so the resultant sound pressure levels were compared to the lower limit 
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of 40 dBA.  The frequency spectrum of the transformer used at night time includes the fan noise, 
even though the sound is only magnetostrictive. 

For this study, the overall ground attenuation coefficient was assumed to be 0.7, which is commonly 
used by the MOE for evaluating the noise impact of other renewable energy facilities. 

5.1 Compliance With Performance Limits 
Table 5.2 presents the predicted sound pressure levels for the representative POR.  The complete set 
of results is included in Appendix C. 

  Table 5.2  Acoustic Assessment Summary (Day and Night Time) 

 
POR 
 ID 

 
 

POR Description 

Sound Level 
at POR (Leq) 
Day / Night 

 
Verified by 

Acoustic Audit 
(Yes/No) 

 
Performance 

Limit 
(Leq) 

Compliance With 
Performance 

Limit 
(Yes/No) 

10 House – West 38.9/37.2 No 45.0/40.0 Yes 
32 House – Southwest 34.5/32.4 No 45.0/40.0 Yes 
33 House – East 30.2/22.7 No 45.0/40.0 Yes 

 
The results show that all POR are compliant with the MOE guidelines based on the performance 
limits.   

6. Mitigation Measures  

Mitigation for operation of the power station has been modelled and shown to be feasible in the form 
of acoustic barriers.  However, if an enclosure is deployed to cover the inverters, the proposed 
barriers may be substituted by acoustically treated walls and/or fan silencers and acoustic louvers.  In 
this case, these devices must be designed according to the specific dimensions and configuration of 
the enclosure.   

The minimum construction requirements for the proposed noise barriers located next to clusters 4 
and 5 are presented in Table 6.1, as well as the approximate dimensions.  Figure B1 and Table B3 in 
Appendix B present a diagram of the barrier design and the absorption coefficients used in the noise 
model. 

 Table 6.1 Barrier Description 

Mitigation 
ID 

 
Location 

Construction 
Requirements 

Approximate 
Height 

(m) 

Approximate 
Length 

(m) 

Distance 
From Source 

(m) 
Barrier4 See Figure B1 20 kg/m2, continuous 3.0 10.5 1.5 
Barrier5 See Figure B1 20 kg/m2, continuous 3.0 9.5 1.5 

 
While analysis indicates that no additional mitigation will be required, the noise levels will be 
verified at the closest POR after the RE Orillia 1 facility goes into service.  If measurements indicate a 
need to further reduce sound levels to satisfy MOE criteria, additional mitigation measures will be 
taken at the sources. 
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7. Conclusions and Recommendations 

For the RE Orillia 1 Solar PV facility, the sound pressure levels at the POR have been estimated using 
the CADNA-A model, based on ISO 9613-2.  The performance limits used for comparison 
correspond to Class 3 areas, with 45 dBA during daytime (7:00 a.m. to 7:00 p.m.) and 40 dBA during 
night time.  Mitigation for operation of the power station has been modelled and shown to be 
feasible.   

Based on the results obtained in this study, it is concluded that the sound pressure levels at the POR 
will be below MOE requirements for Class 3 areas at night time (40 dBA) and day time (45 dBA). 
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Appendix A 

Land-Use Zoning Designation Plan, 
Area Location Plan and Plant Layout 
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Appendix B 

Noise Sources 
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TOTAL PWL FOR 480V, 100% LOAD
Provided by Aercoustics, June 07/2010

Third Octave A_WEIGHTED
Freq (Hz) LwA (dB) Full Octave Full Octave

25 Freq (Hz) LwA (dB) Freq (Hz) LwA (dBA)
31.5 31.5 4.8 31.5 4.8

40 63 78.7 63 52.5
50 69 125 86.2 125 70.1
63 77 250 86.1 250 77.5
80 72 500 82.6 500 79.4

100 74 1000 83.0 1000 83.0
125 85 2000 77.6 2000 78.8
160 79 4000 72.8 4000 73.8
200 79 8000 85.1 8000 84.0
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400 80 Total Lw 92.2 Total LwA 88.5
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RECURRENT ENERGY - ORILLIA 1
SOUND POWER SPECTRA

10 MVA STEP-UP TRANFORMER (SUBSTATION)
Average LpA 70 dBA Based on NEMA TR1-1993 (2000), ONAN/ONAF 7.5/10MVA
Area 39.0 m2 Based on drawings provided by Wardrop (20May10, Northern Transformer, drawing 2029-010C, 10,000/13,333 

Frequency Band Centre (Hz) 31 63 125 250 500 1000 2000 4000 8000 Combined 
Sound Power (dB) 84.9 90.9 92.9 87.9 87.9 81.9 76.9 71.9 64.9 97.0
Sound Power (dBA) 45.5 64.7 76.8 79.3 84.7 81.9 78.1 72.9 63.8 88.3

2 MW INVERTER CLUSTERS

TRANSFORMER FREQUENCY SPECTRUM, DRY-TYPE 2-MVA, NEMA TR1-1993:2000. Table 0-4

Transf Sound Pressure Level 69 dBA Forced Air Cooled
Transf Sound Power Level 84.7 dBA Estimated, assuming a total area of 21.6 m2
500 kW Inverter Sound Power Level 88.5 dBA Provided by Aercoustics for Xantrex 500kW - June 07/2010
Number of Inverters per Cluster 4.0 -

Frequency Band Centre (Hz) 31 63 125 250 500 1000 2000 4000 8000 Combined 
Sound Power Transf. (dBA) 41.9 61.1 73.2 75.7 81.1 78.3 74.5 69.3 60.2 84.7
Sound Power Inverter 1 (dBA) 4.8 52.5 70.1 77.5 79.4 83.0 78.8 73.8 84.0 88.5
Sound Power Inverter 2 (dBA) 4.8 52.5 70.1 77.5 79.4 83.0 78.8 73.8 84.0 88.5
Sound Power Inverter 3 (dBA) 4.8 52.5 70.1 77.5 79.4 83.0 78.8 73.8 84.0 88.5
Sound Power Inverter 4 (dBA) 4.8 52.5 70.1 77.5 79.4 83.0 78.8 73.8 84.0 88.5
Total Inverter Sound Power Level (dBA) 10.8 58.5 76.2 83.5 85.4 89.0 84.8 79.9 90.0 94.5
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Figure B1 Location and ID of Sound Barriers 

 

Table B4 Coordinates of Barriers as Modeled in CADNA. Note that the true barrier length is normally 
longer than the modeled one. 

 
 

Barrier ID 
Coordinates, NAD 83 

Start End 
X (m)  Y (m) X (m)  Y (m) 

Barrier4_1 619521.2850 4937887.6429 619521.2849 4937877.2768 
Barrier5_1 619450.4111 4937721.4026 619450.4111 4937711.8410 
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Appendix C 

Sound Pressure Levels for Points of Reception, 
Noise Maps from CADNA-A 
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Table C1  Sound Pressure Levels for POR (shaded rows correspond to representative POR) 

 Level Lp Limit. Value Noise  Coordinates, NAD83 
ID Day Night Day Night Type Height X Y Z 
 (dBA) (dBA) (dBA) (dBA)  (m) (m) (m) (m) 

1 26.4 21.4 45 40 Total 4.5 618851 4938366 266.5 
2 26.5 21.4 45 40 Total 4.5 618874 4938390 265.7 
3 24.1 19.7 45 40 Total 4.5 618630 4938414 260.8 
4 30.2 26.8 45 40 Total 4.5 619033 4937914 277.7 
5 30.5 26.6 45 40 Total 4.5 619106 4937960 278.6 
6 30.5 26.8 45 40 Total 4.5 619073 4937939 278.5 
7 30.6 27.4 45 40 Total 4.5 619055 4937893 279.7 
8 24.9 20.7 45 40 Total 4.5 618678 4938355 264.5 
9 29.8 28.1 45 40 Total 4.5 618849 4937695 279.0 
10 38.9 37.2 45 40 Total 4.5 619243 4937795 299.5 
11 26.6 19.6 45 40 Total 4.5 619480 4938924 269.5 
12 29.7 27.8 45 40 Total 4.5 618864 4937762 277.4 
13 25.4 21.5 45 40 Total 4.5 618681 4938277 264.5 
14 25.2 21.4 45 40 Total 4.5 618650 4938286 264.5 
15 25.4 21.7 45 40 Total 4.5 618646 4938219 264.8 
16 26.5 21.3 45 40 Total 4.5 618889 4938405 265.2 
17 28.9 21.5 45 40 Total 4.5 620471 4937971 290.8 
18 28.9 21.5 45 40 Total 4.5 620469 4938015 291.8 
19 22.6 16.7 45 40 Total 4.5 619894 4936565 303.4 
20 29.6 22.1 45 40 Total 4.5 620408 4938227 296.5 
21 27.4 20.1 45 40 Total 4.5 620309 4938629 287.4 
22 27.0 19.7 45 40 Total 4.5 620340 4938641 286.9 
23 28.0 20.6 45 40 Total 4.5 620234 4938635 285.5 
24 23.6 17.8 45 40 Total 4.5 619839 4936655 314.5 
25 5.0 0.9 45 40 Total 4.5 618684 4938755 221.5 
26 25.8 20.8 45 40 Total 4.5 618828 4938430 264.5 
27 25.8 20.7 45 40 Total 4.5 618830 4938447 264.5 
28 22.5 16.6 45 40 Total 4.5 619914 4936559 302.6 
29 23.7 17.7 45 40 Total 4.5 619922 4936695 309.2 
30 23.2 17.2 45 40 Total 4.5 619929 4936637 304.5 
31 22.7 16.8 45 40 Total 4.5 619896 4936583 303.9 
32 34.5 32.4 45 40 Total 4.5 619194 4937297 298.3 
33 30.2 22.7 45 40 Total 4.5 620396 4937935 293.7 
34 31.6 26.3 45 40 Total 4.5 619563 4936928 306.1 
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