
MEBS6006 Environmental Services 1 
Exercise on ‘Loading Estimation’ 
 
Consider a classroom having the following configuration and details.  By using RTS Method, 
determine the total sensible and latent load of the classroom at 4pm (solar time) of a design day in 
July (July 21). 
 
Size:  6m × 8m × 3m(H) 
Population:  48 people (9am – 5pm) – no people other times 
Window wall: 1 no. 8m × 3m(H) (others are internal walls) 
Window area: 5 nos. 1.5m × 1m(H) – south facing, no shading, U = 1.8W/m2K, clear glass 
Roof:  not required 
Assume all walls are brick walls using Wall No. 11 in Table 16 (Wall Conduction Time Series) 
 
Solar Intensity and Sol-air temperature are presented. 
Design room temperature = 25°C, 50%rh 
 
Step 1) 
Conduction Heat Gain through external walls and roof 

 
 
 
U value = 0.571 W/m2K 
Area = 8m × 3m – 5 × 1.5m × 1m = 16.5m2 
 
 
 
 
 
 
 
 



Local Time N NE E SE S SW W NW Horiz

1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6.0 0.2 0.4 0.4 0.2 0.0 0.0 0.0 0.0 0.1

7.0 212.8 540.7 584.4 314.2 51.9 51.9 51.9 51.9 199.5

8.0 246.8 692.2 790.3 475.2 92.3 89.4 89.4 89.4 441.5

9.0 223.0 662.7 790.9 523.0 122.9 116.5 116.5 116.5 656.5

10.0 188.9 552.2 681.4 493.7 146.6 136.8 136.8 136.8 831.0

11.0 162.8 400.6 502.8 403.9 165.2 150.6 150.6 150.6 953.9

12.0 168.6 232.9 284.2 268.4 194.9 166.6 164.1 164.8 1017.0

13.0 168.5 164.5 163.7 166.3 194.6 272.1 289.8 237.0 1016.2

14.0 162.5 150.4 150.4 150.4 164.1 406.7 507.7 404.6 951.6

15.0 189.7 136.4 136.4 136.4 146.1 495.2 685.0 555.5 827.4

16.0 223.8 116.0 116.0 116.0 122.2 522.9 792.4 664.6 651.7

17.0 247.0 88.7 88.7 88.7 91.4 472.8 788.4 691.3 435.8

18.0 210.3 50.8 50.8 50.8 50.8 308.1 574.9 532.7 193.4

19.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

20.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

21.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

22.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

23.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

24.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Local Time Air Temp. N NE E SE S SW W NW Horiz

1.0 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 25.4

2.0 29.1 29.1 29.1 29.1 29.1 29.1 29.1 29.1 29.1 25.2

3.0 28.9 28.9 28.9 28.9 28.9 28.9 28.9 28.9 28.9 25.0

4.0 28.8 28.8 28.8 28.8 28.8 28.8 28.8 28.8 28.8 24.9

5.0 28.7 28.7 28.7 28.7 28.7 28.7 28.7 28.7 28.7 24.8

6.0 28.7 28.7 28.7 28.7 28.7 28.7 28.7 28.7 28.7 24.8

7.0 28.8 40.1 57.4 59.7 45.4 31.6 31.6 31.6 31.6 35.5

8.0 29.1 42.1 65.7 70.9 54.2 34.0 33.8 33.8 33.8 48.5

9.0 29.5 41.3 64.5 71.3 57.1 36.0 35.6 35.6 35.6 60.3

10.0 30.0 40.0 59.2 66.0 56.1 37.7 37.2 37.2 37.2 70.0

11.0 30.5 39.1 51.7 57.1 51.9 39.3 38.5 38.5 38.5 77.1

12.0 31.1 40.0 43.4 46.2 45.3 41.4 39.9 39.8 39.8 81.0

13.0 31.6 40.5 40.3 40.3 40.4 41.9 46.0 46.9 44.2 81.4

14.0 32.0 40.6 39.9 39.9 39.9 40.6 53.5 58.8 53.4 78.4

15.0 32.2 42.2 39.4 39.4 39.4 39.9 58.3 68.4 61.5 72.0

16.0 32.2 44.0 38.3 38.3 38.3 38.6 59.8 74.0 67.3 62.7

17.0 32.0 45.0 36.7 36.7 36.7 36.8 57.0 73.6 68.5 51.1

18.0 31.7 42.8 34.4 34.4 34.4 34.4 47.9 62.0 59.8 38.0

19.0 31.2 31.2 31.2 31.2 31.2 31.2 31.2 31.2 31.2 27.3

20.0 30.8 30.8 30.8 30.8 30.8 30.8 30.8 30.8 30.8 26.9

21.0 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 26.5

22.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 26.1

23.0 29.7 29.7 29.7 29.7 29.7 29.7 29.7 29.7 29.7 25.8

24.0 29.4 29.4 29.4 29.4 29.4 29.4 29.4 29.4 29.4 25.5

Solar Intensity (W/m? for July 21, 22.3N Latitude, -114.2E Longitude, Time Zone: GMT+ Standard Time

 Clearness Index: CN = 1, Ground Reflectance: rhog  = 0.2

Sol-Air Temperature (蚓) for July 21, 22.3N Latitude, -114.2E Longitude, Time Zone: GMT+ Standard Time

 Clearness Index: CN = 1, Surface Color: alpha/ho  = 0.05



 
  

 



The calculation is best computed using an excel spreadsheet 
 
time Hour ago c U A te trc q 

16:00 0 0 0.571 16.5 38.6 25 0.00 
15:00 1 5 0.571 16.5 39.9 25 7.02 
14:00 2 14 0.571 16.5 40.6 25 20.58 
13:00 3 17 0.571 16.5 41.9 25 27.07 
12:00 4 15 0.571 16.5 41.4 25 23.18 
11:00 5 12 0.571 16.5 39.3 25 16.17 
10:00 6 9 0.571 16.5 37.7 25 10.77 

9:00 7 7 0.571 16.5 36.0 25 7.25 
8:00 8 5 0.571 16.5 34.0 25 4.24 
7:00 9 4 0.571 16.5 31.6 25 2.49 
6:00 10 3 0.571 16.5 28.7 25 1.05 
5:00 11 2 0.571 16.5 28.7 25 0.70 
4:00 12 2 0.571 16.5 28.8 25 0.72 
3:00 13 1 0.571 16.5 28.9 25 0.37 
2:00 14 1 0.571 16.5 29.1 25 0.39 
1:00 15 1 0.571 16.5 29.2 25 0.40 
0:00 16 1 0.571 16.5 29.4 25 0.41 

23:00 17 1 0.571 16.5 29.7 25 0.44 
22:00 18 0 0.571 16.5 30.0 25 0.00 
21:00 19 0 0.571 16.5 30.4 25 0.00 
20:00 20 0 0.571 16.5 30.8 25 0.00 
19:00 21 0 0.571 16.5 31.2 25 0.00 
18:00 22 0 0.571 16.5 34.4 25 0.00 
17:00 23 0 0.571 16.5 36.8 25 0.00 

      
total 123.22W 

 
  



Step 2) 
Fenestration Heat Gain is separated into parts: conductive heat gain and solar radiation 
 
Conductive heat gain 

 
 
q = 1.8 W/m2K × 7.5m2 × (32.2 – 25)°C = 97.2W 
Solar Radiation 

 
 
qSHG,D = 122.2 W/m2 × 7.5m2 × (0.86× 0.488) =  384.6W 
 

where ED = 122.2 W/m2, SHGC = Normal SHGC × Correction Factor 
 

qSHG,d = (45.4+39.7) × 7.5 m2 × (0.86× 0.907) =  497.8W  
 

where Ed = 45.4, Er = 39.7, SHGC = Normal SHGC × Correction Factor 
 
qSHG = 384.6W + 497.8W = 882.4W 
 



Using the same approach, assume that the solar heat gains for the 24 hours are calculated. 
Using RTS to convert to cooling load, the Table 7.12 should be used. 
 
time qSHG RTF   

16:00 882.40 52 458.85 
15:00 1051.92 16 168.31 
14:00 1181.52 8 94.52 
13:00 1401.12 5 70.06 
12:00 1403.28 3 42.10 
11:00 1189.44 2 23.79 
10:00 1055.52 2 21.11 

9:00 884.88 1 8.85 
8:00 664.56 1 6.65 
7:00 373.68 1 3.74 
6:00 0.00 1 0.00 
5:00 0.00 1 0.00 
4:00 0.00 1 0.00 
3:00 0.00 1 0.00 
2:00 0.00 1 0.00 
1:00 0.00 1 0.00 
0:00 0.00 1 0.00 

23:00 0.00 1 0.00 
22:00 0.00 1 0.00 
21:00 0.00 0 0.00 
20:00 0.00 0 0.00 
19:00 0.00 0 0.00 
18:00 365.76 0 0.00 
17:00 658.08 0 0.00 

   
897.96W 

 



 
 
Step 3) 
Let Occupant heat gain = 65W (sensible), 30W(latent) 
Occupant sensible (radiant) = 65W × 0.6 = 39W/person  48 × 39W = 1872W 
Occupant sensible (convective) = 65W × 0.4 = 26W/person  48 × 26W = 1248W 
Occupant latent = 48 × 30W = 1440W 
 
Let lighting load = 15W/m2  48m2 × 15W/m2 = 720W 
Assume radiant fraction = 0.6, space fraction = 0.4 
Lighting load (radiant)  = 720W × 0.6 = 432W 
Lighting load (convective) = 720W × 0.4 = 288W 
 
Using RTS to convert to cooling load, the Table 7.11 should be used. 
Total internal radiant load = 1872W + 432W = 2304W 
 

 



 
time Qsen RTF   

16:00 2304 46 1059.84 
15:00 2304 17 391.68 
14:00 2304 9 207.36 
13:00 2304 5 115.2 
12:00 2304 3 69.12 
11:00 2304 2 46.08 
10:00 2304 2 46.08 

9:00 2304 1 23.04 
8:00 0 1 0 
7:00 0 1 0 
6:00 0 1 0 
5:00 0 1 0 
4:00 0 1 0 
3:00 0 1 0 
2:00 0 1 0 
1:00 0 1 0 
0:00 0 1 0 

23:00 0 1 0 
22:00 0 1 0 
21:00 0 1 0 
20:00 0 1 0 
19:00 0 1 0 
18:00 0 1 0 
17:00 2304 0 0 

   
1958.4W 

 
Step 4) 
Ventilation load 
Consider each person demands 8L/s of fresh air 
Total fresh air = 48 × 8L/s = 384 L/s = 0.384m3/s 
 
Consider  
outdoor air condition = 32.2°C DB, 26.7°C WB  w = 20.02 g/kg 
indoor air condition = 25°C DB, 50%rh  w = 9.92 g/kg 
 
sensible load = 1.23 × 0.384 × (32.2 – 25) = 3.4kW 
latent load = 3010 × 0.384 × (20.02 – 9.92)/1000 = 11.7kW 
 
 
 
 
 
 
 



 
 
Step 5)  
Consolidation of Sensible and Latent Load 
 
 Sensible (W) Latent 

(W)  Radiant Convective 
Wall (CTS)  123  
Fenestration 898 97  
Occupant 1958 1248 1440 
Lighting 288  
Ventilation  3400 11700 

Total 8012 13140 
 
 

 


