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Case study 1: A barn conversion, heated 
continuously

439COO
•4-bed detached house
•11kW GSHP
•3 no. 50m slinkies
•Supplies DHW and underfloor heating
•Wood-burning stove
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System Schematic: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
System Efficiency: 
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Case study 1: A barn conversion, heated continuously
What happens to the system efficiency of this system on the coldest day?
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Case study 1: A barn conversion, heated continuously
What happens to the system efficiency of this system on the coldest day?
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Case study 1: A barn conversion, heated continuously
What happens to the system efficiency of this system on the coldest day?
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Appendices – Analysis of Individual Sites 
 

A.1 430MAX 
 
Site Statistics: 
 

 

• 8kW Kensa 
• Supplies underfloor heating 
• Ground source – 2*40m slinkies 
• Located in Cumbria 
• Retired couple 
• 2 bedroom semi-detached barn 

conversion  
• Closed wood burning stove 
• Ground floor – 82.8m2 
• RDSAP value of C, SAP rating of 76 

 
Comments: 
The central heating heat meter had air in it at the beginning of the trial, this was rectified in September 
2009, and so data before this point is invalid.  
 
The heat pump runs quite consistently with a system efficiency of 2.98 for the period September 2009 to 
March 2010. The E vs. H graph shows that most of the points are on the gradient of COP = 3.  
 
The R2 value for this site is 0.9378; this means that 94% of the heat is led by the degree day heating 
requirement.  
 
If the parasitic load was 10W, this would equate to an electrical usage of 64kWh, which is 1.3% of the 
electrical consumption of the heat pump. The intra-day graphs show that there is probably a 230W pump 
on the load side of the heat pump.  
 
The average central heating temperature was 31.2°C which is quite low, but reasonable for underfloor 
only heating. 
 
As Tcold varies, the ratio between heat and electrical power stay consistent, generally there is 9kW of 
heat output for 3kW of electrical input.  
 
The site exhibits tri-modal heating pattern which is probably to coincide with the Economy 10 electrical 
tariff, however the heat pump seems to cycle on and off quite frequently.  
 
Heat balances have been undertaken on this site (using the heat meter in the ground source loop) and 
the following table shows the consistency of the heat and electric meters.  
 CH HM / kWh GS HM / kWh EM / kWh Case Loss /W Closure  

Oct-09 1,243  890  411               81  100% 
Nov-09 1,625   1,178 523             102  100% 
Dec-09 2,270    1,621  745             146  100% 
Jan-10 2,376    1,666  808             140  100% 
Feb-10 2,079    1,454  709             137  101% 
Mar-10 1,998    1,393  687             113  100% 
Apr-10 1,456    1,022  502               88  100% 

May-10 1,035       736  353               73  100% 

Case study 2: Screed underfloor system (CH only) on Economy 10 tariff

430MAX

•2-bed semi-detached barn conversion
•8kW GSHP
•2 no. 40m slinkies
•Supplies underfloor heating only
•Wood-burning stove
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System Schematic: 

 
 
Distributions of system efficiency by month: 
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Appendices – Analysis of Individual Sites 
 

A.1 430MAX 
 
Site Statistics: 
 

 

• 8kW Kensa 
• Supplies underfloor heating 
• Ground source – 2*40m slinkies 
• Located in Cumbria 
• Retired couple 
• 2 bedroom semi-detached barn 

conversion  
• Closed wood burning stove 
• Ground floor – 82.8m2 
• RDSAP value of C, SAP rating of 76 

 
Comments: 
The central heating heat meter had air in it at the beginning of the trial, this was rectified in September 
2009, and so data before this point is invalid.  
 
The heat pump runs quite consistently with a system efficiency of 2.98 for the period September 2009 to 
March 2010. The E vs. H graph shows that most of the points are on the gradient of COP = 3.  
 
The R2 value for this site is 0.9378; this means that 94% of the heat is led by the degree day heating 
requirement.  
 
If the parasitic load was 10W, this would equate to an electrical usage of 64kWh, which is 1.3% of the 
electrical consumption of the heat pump. The intra-day graphs show that there is probably a 230W pump 
on the load side of the heat pump.  
 
The average central heating temperature was 31.2°C which is quite low, but reasonable for underfloor 
only heating. 
 
As Tcold varies, the ratio between heat and electrical power stay consistent, generally there is 9kW of 
heat output for 3kW of electrical input.  
 
The site exhibits tri-modal heating pattern which is probably to coincide with the Economy 10 electrical 
tariff, however the heat pump seems to cycle on and off quite frequently.  
 
Heat balances have been undertaken on this site (using the heat meter in the ground source loop) and 
the following table shows the consistency of the heat and electric meters.  
 CH HM / kWh GS HM / kWh EM / kWh Case Loss /W Closure  

Oct-09 1,243  890  411               81  100% 
Nov-09 1,625   1,178 523             102  100% 
Dec-09 2,270    1,621  745             146  100% 
Jan-10 2,376    1,666  808             140  100% 
Feb-10 2,079    1,454  709             137  101% 
Mar-10 1,998    1,393  687             113  100% 
Apr-10 1,456    1,022  502               88  100% 

May-10 1,035       736  353               73  100% 
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Case study 2: Screed underfloor system (CH only) on Economy 10 tariff

430MAX

•2-bed semi-detached barn conversion
•8kW GSHP
•2 no. 40m slinkies
•Supplies underfloor heating only
•Wood-burning stove



Case study 2: Screed underfloor system (CH only) on Economy 10 tariff 
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Tapestry for January 2010 
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Ti
m

e

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

He
at

 P
um

p 
El

ec
tri

ci
ty

 M
et

er
 (W

h)

Ce
nt

ra
l H

ea
tin

g 
He

at
 M

et
er

 (W
h)

28 0 39 0 11 0 40 100 45 100 57 100 0 0 3 0 22 0 34 0 31 0 0 0 53 100 21 0 34 100 238 600 0 100 17 0 26 0 9 100 37 0 36 100 12 100 28 0 20 100 13 0 0 0 18 0 3 0 0 0 10 0
264 900 223 700 216 700 243 800 235 600 232 500 291 700 19 0 219 800 205 600 244 600 264 700 205 600 245 800 240 700 258 700 271 700 244 700 232 800 242 700 182 800 198 800 200 600 226 800 117 300 52 100 193 600 233 800 110 400 209 700 205 700
236 800 243 800 244 800 217 600 210 900 212 1000 236 800 20 0 231 600 206 900 213 800 219 800 240 900 194 600 211 700 251 900 241 700 252 900 226 500 217 700 277 700 250 600 174 600 184 800 247 700 36 100 166 400 207 700 85 0 240 800 282 700
233 700 253 600 306 700 268 900 260 800 244 500 218 600 16 0 238 900 273 700 195 900 263 700 214 800 292 1000 250 900 255 700 198 800 231 700 233 900 245 700 229 800 187 900 175 700 309 600 194 800 48 100 217 0 190 600 81 400 271 800 232 800
220 900 221 1000 237 800 219 700 247 600 235 1100 229 900 22 0 271 700 157 800 278 600 261 800 284 800 235 700 250 600 244 800 293 700 249 700 252 700 250 800 221 800 299 800 132 300 225 900 253 700 131 100 253 1200 50 100 144 300 201 800 226 800
196 700 256 700 261 800 258 800 254 900 251 600 218 700 19 0 180 800 349 700 250 800 178 800 238 600 275 700 205 800 273 700 249 900 241 800 259 800 237 600 205 800 271 500 86 100 283 700 263 800 104 600 238 1100 206 500 59 300 300 800 249 700
344 800 197 800 198 800 255 700 106 800 246 600 264 800 15 0 281 500 194 800 278 900 324 700 208 700 221 800 247 700 261 800 272 700 268 600 256 800 261 900 310 500 253 800 204 800 228 800 127 400 43 0 234 600 256 800 73 200 232 600 195 800
243 800 321 600 250 800 239 900 394 600 254 1000 265 800 22 0 248 900 310 800 254 600 218 800 283 800 291 700 305 700 256 500 257 800 248 900 266 700 255 800 238 900 221 900 20 0 266 700 18 0 99 400 20 300 59 300 307 800 218 800 324 800
249 800 245 1000 307 600 270 700 223 900 259 296 800 21 0 221 900 255 700 273 900 234 700 292 900 240 800 198 900 252 1000 193 700 274 700 249 900 284 900 222 800 325 700 130 400 249 700 152 400 282 700 94 200 35 0 162 700 284 800 169 800
256 800 248 700 234 900 274 800 256 600 284 600 244 600 15 0 228 700 190 700 211 500 241 800 254 700 209 600 273 500 118 300 312 700 242 800 226 700 238 600 307 500 247 600 154 300 268 900 174 600 220 700 70 300 219 500 124 300 240 800 348 700
217 700 262 600 270 600 236 700 258 900 206 700 251 900 18 0 292 800 317 800 233 900 298 800 255 800 322 1000 268 900 19 0 243 800 211 700 217 800 263 700 235 1000 254 900 168 600 236 700 16 0 257 800 63 100 145 700 39 100 237 400 222 800
269 800 187 900 212 1000 260 700 210 600 300 900 222 800 22 0 276 600 191 600 305 800 247 700 197 800 176 700 234 700 21 0 218 700 312 900 299 700 256 900 293 600 249 600 19 0 220 800 84 100 203 900 154 200 21 0 91 300 307 900 278 600
284 700 301 600 252 700 275 800 318 900 234 800 272 600 15 0 204 900 252 900 199 800 235 700 274 700 202 400 300 800 19 0 259 800 269 700 249 600 235 700 245 900 168 700 180 500 306 800 218 700 131 300 145 800 157 400 171 500 207 900 266 900
259 800 256 900 254 800 236 700 230 800 194 700 280 800 19 0 245 700 254 800 258 700 287 900 237 700 19 0 223 800 17 0 256 800 235 600 302 700 268 800 152 500 20 0 221 700 230 600 240 800 83 100 22 0 119 400 282 800 284 600 224 800
256 800 203 700 288 700 241 800 282 600 301 700 187 600 19 0 283 600 312 700 299 800 264 700 274 800 19 0 252 800 20 0 287 700 280 1000 258 1000 258 600 20 0 19 0 18 100 270 700 114 400 278 800 91 200 103 200 119 500 231 900 277 600
257 500 318 800 256 700 292 800 231 900 266 700 324 900 23 0 250 900 252 800 280 700 200 700 263 800 17 0 271 600 20 0 278 800 267 600 258 700 285 800 20 0 20 0 89 100 277 800 18 0 56 400 248 600 187 600 58 200 288 800 245 800
202 1000 198 700 250 800 209 700 299 700 236 900 204 800 18 0 250 800 208 700 226 600 283 800 268 600 18 0 286 800 236 700 189 600 184 800 188 600 258 700 18 0 20 0 129 500 181 700 120 300 151 300 249 900 20 100 123 300 271 700 229 800
211 700 305 900 206 800 21 0 255 700 296 700 225 700 20 0 275 800 310 800 282 1000 272 700 251 900 123 400 214 900 277 800 19 100 82 100 166 600 215 800 112 100 211 500 47 0 98 200 230 600 213 500 47 200 57 100 240 600 252 800 20 0
305 800 263 500 291 800 19 0 81 400 265 800 243 600 14 0 237 600 225 600 183 800 268 800 258 700 232 700 272 600 265 700 17 0 17 0 21 0 22 0 210 800 75 300 98 200 18 0 246 800 214 900 24 0 132 400 234 900 251 700 20 0
267 500 272 1000 161 500 18 0 19 0 254 800 15 0 24 0 222 700 234 900 315 700 266 700 263 700 245 600 134 500 175 600 23 0 20 0 15 0 17 0 254 700 13 0 119 500 17 0 18 0 22 0 123 200 139 200 21 0 249 700 19 0
256 1000 260 700 19 0 20 0 18 0 230 600 23 0 17 0 274 900 266 700 261 700 253 600 199 700 257 1000 20 0 232 700 21 0 25 0 21 0 20 0 260 800 20 0 61 100 18 0 19 0 201 500 36 200 118 800 193 600 240 900 20 0
160 500 239 900 18 0 15 0 19 0 81 300 17 0 49 0 272 700 281 800 250 800 28 400 17 0 294 700 18 0 20 0 16 0 14 0 20 0 20 0 241 600 248 800 284 900 21 0 202 400 224 800 41 100 180 200 82 200 276 700 20 0
22 0 274 700 20 0 40 0 20 0 18 0 20 0 210 800 196 700 232 700 181 500 22 0 23 0 247 700 18 0 17 0 54 100 21 0 20 0 20 0 288 800 47 100 204 500 22 100 230 900 104 300 236 500 88 100 197 500 250 600 190 400
21 0 79 300 19 0 225 700 18 0 20 0 11 0 265 700 327 700 310 800 13 0 20 0 19 0 254 800 23 0 18 0 280 600 212 700 179 300 81 100 40 300 21 0 203 800 244 700 17 0 73 100 179 800 244 700 236 700 134 600 192 700

8 0 22 0 20 0 67 300 123 200 22 0 82 200 0 300 245 900 92 400 25 0 19 0 16 0 236 700 19 0 20 0 264 900 152 600 251 800 278 800 17 0 199 500 323 800 129 400 2 0 184 500 53 0 178 700 16 200 18 0 296 700
19 0 21 0 168 300 258 800 252 800 16 0 301 800 310 600 192 800 17 0 19 0 10 0 21 0 282 600 198 500 21 0 219 800 92 300 252 800 248 800 21 0 53 200 274 700 24 0 81 200 218 600 213 700 17 100 111 300 21 0 265 900
18 0 16 0 236 800 242 800 257 800 18 0 225 800 166 500 121 200 21 0 19 0 96 0 179 300 261 1000 240 900 34 0 198 600 209 700 266 700 275 800 17 0 20 0 250 800 19 0 229 800 250 700 259 700 121 100 262 800 20 0 195 800

183 400 21 0 243 800 244 700 229 800 208 500 224 700 43 100 15 0 20 0 20 0 244 800 252 700 223 700 238 700 277 800 351 700 286 700 242 800 265 700 93 200 168 200 279 800 96 200 18 0 252 900 258 900 209 800 44 100 18 0 302 600
215 900 19 0 263 500 276 800 305 600 244 700 237 800 18 0 21 0 17 0 192 600 213 800 259 800 21 0 255 700 304 600 243 900 154 800 257 700 244 800 255 800 69 400 236 800 31 100 90 200 266 800 266 600 19 0 111 100 50 0 255 900
201 600 188 500 223 900 262 700 260 800 210 900 292 800 20 0 15 0 20 0 242 700 258 700 223 800 15 0 207 800 235 900 269 700 397 800 234 800 270 700 191 600 18 0 221 800 78 100 56 100 187 700 217 800 134 300 80 400 273 800 181 500
340 800 300 900 284 700 226 800 231 800 291 700 278 600 19 0 20 0 177 300 274 800 262 800 254 800 20 0 273 800 244 800 63 200 22 100 205 600 183 800 322 700 220 500 255 800 162 500 138 600 226 700 21 100 114 500 39 0 247 600 19 0
230 900 219 700 221 1000 130 400 271 800 229 700 271 800 18 0 22 0 221 800 209 800 251 700 251 800 20 0 321 700 123 400 18 100 18 0 22 0 32 0 202 900 255 900 259 600 265 700 263 500 17 0 15 0 41 0 117 200 211 900 18 0
245 700 282 800 298 700 14 0 125 500 298 700 227 700 17 0 209 400 276 900 306 700 291 800 292 700 21 0 205 700 19 0 19 0 18 0 20 0 22 0 307 800 234 700 262 900 162 600 229 900 20 0 161 400 256 700 242 800 277 700 20 0
255 800 261 700 160 600 21 0 17 0 211 800 17 100 17 0 205 800 232 500 203 800 263 800 232 700 49 0 18 0 18 0 19 0 16 0 17 0 19 0 230 700 110 400 140 300 19 0 252 700 42 0 140 500 191 700 253 800 265 800 21 0
294 700 198 800 21 0 21 0 20 0 280 800 22 0 21 0 213 800 238 1000 248 800 231 700 102 400 200 800 19 0 22 0 19 0 24 0 22 0 18 0 270 800 10 0 23 0 22 0 31 100 45 100 18 0 15 0 64 300 229 700 15 0
42 300 262 800 17 0 17 0 19 0 255 600 17 0 21 0 256 700 309 700 300 500 29 100 25 0 302 700 19 0 18 0 21 0 18 0 14 0 23 0 123 500 25 0 17 0 26 0 20 0 74 100 133 400 62 100 20 0 292 800 132 300
21 0 283 700 21 0 19 0 15 0 155 600 21 0 19 0 295 800 220 700 179 700 19 0 19 0 223 700 18 0 18 0 27 0 39 0 20 0 19 0 25 0 48 0 21 0 197 600 82 0 263 800 258 600 123 400 239 600 254 800 226 800
18 0 153 500 19 0 33 0 23 0 17 0 15 0 14 0 264 600 293 900 19 0 20 0 19 0 223 800 18 0 131 300 252 600 239 800 163 300 213 500 18 0 147 100 20 0 267 700 215 800 97 500 47 300 72 100 75 400 28 100 239 700
14 0 19 0 17 0 273 700 20 0 21 0 23 0 22 0 191 800 237 600 20 0 21 0 14 0 310 700 22 0 264 700 226 900 265 800 231 800 229 700 19 0 231 1100 19 0 67 400 114 400 48 0 67 0 190 600 110 200 23 0 199 800
24 0 15 0 36 0 200 600 208 500 20 0 99 300 20 0 320 900 158 600 15 0 18 0 21 0 218 900 220 500 218 800 295 700 228 600 271 800 262 700 21 0 24 0 202 500 20 0 16 0 43 100 249 800 199 600 158 600 21 0 335 600
15 0 19 0 214 600 287 900 191 800 17 0 292 800 20 0 252 700 21 0 22 0 17 0 73 200 235 600 250 800 254 800 221 700 247 700 221 700 267 900 19 0 23 100 201 600 16 0 51 200 198 700 50 300 114 500 31 0 18 0 233 900

146 300 22 0 245 800 238 800 281 700 21 0 255 700 18 0 214 700 19 0 19 0 182 500 304 700 190 600 249 800 263 800 248 800 269 900 263 800 278 500 134 0 53 0 268 800 134 300 125 300 167 500 49 0 16 0 98 300 22 0 211 700
266 800 18 0 260 900 208 600 283 600 18 0 245 800 19 0 160 500 18 0 82 0 232 800 231 500 23 0 240 800 312 600 298 500 276 700 255 800 221 800 210 800 187 700 300 900 223 800 33 0 20 0 137 500 123 200 133 300 17 0 160 400
187 700 52 200 293 700 298 800 191 1000 212 600 231 700 19 0 17 0 15 0 284 800 308 800 260 1100 18 0 255 700 224 800 91 600 89 400 243 700 275 900 48 300 25 0 218 600 247 600 284 800 103 200 53 200 73 300 178 600 266 800 19 0
318 800 235 500 232 700 269 800 330 700 215 700 232 800 14 0 19 0 22 0 207 800 255 700 219 800 21 0 259 600 19 100 23 0 21 0 42 100 36 200 18 0 44 100 271 900 209 700 247 800 260 700 193 500 129 100 118 400 232 700 19 0
184 900 271 900 282 800 280 700 252 700 291 800 257 700 26 0 19 0 50 0 282 900 248 700 296 700 15 0 218 900 20 0 16 0 20 0 24 0 18 0 25 0 234 700 226 700 19 0 91 400 216 600 20 0 113 600 38 0 239 800 21 0
277 600 280 700 257 900 25 300 172 700 194 600 272 800 18 0 18 0 265 900 216 700 244 800 266 800 23 0 99 200 20 0 19 0 19 0 15 0 19 0 141 200 22 0 17 0 20 0 11 0 249 900 167 500 47 0 89 300 239 700 17 0
262 800 222 900 126 400 18 0 24 0 266 900 180 500 20 0 18 0 258 700 258 700 255 700 124 400 16 0 25 0 22 0 23 0 19 0 16 0 22 0 252 900 30 0 22 0 19 0 23 0 50 200 103 300 72 200 164 400 283 700 20 0
221 700 291 700 22 0 20 0 17 0 292 700 18 0 17 0 24 100 234 700 286 700 190 700 16 0 217 600 18 0 16 0 19 0 19 0 23 0 13 0 241 800 232 600 19 0 97 200 229 600 15 0 117 200 155 400 35 100 225 900 86 200
22 0 244 900 16 0 19 0 21 0 266 900 19 0 21 0 281 700 255 800 259 800 19 0 23 0 245 800 19 0 21 0 17 0 22 0 22 0 25 0 115 400 19 100 19 0 255 800 57 200 44 100 57 300 245 600 232 600 313 600 270 800
18 0 262 500 19 0 17 0 17 0 261 700 17 0 11 0 209 700 249 700 18 200 20 0 13 0 259 700 20 0 22 0 149 400 142 400 15 0 94 100 18 0 19 0 20 0 264 700 20 0 170 400 117 300 214 700 68 300 143 600 243 700
20 0 73 400 20 0 20 0 17 0 161 500 20 0 24 0 310 900 201 800 21 0 20 0 22 0 263 600 18 0 212 500 268 800 267 600 156 400 210 700 20 0 218 700 20 0 17 200 52 200 22 100 64 100 103 400 70 100 19 0 280 900
20 0 19 0 20 0 93 100 22 0 17 0 18 0 20 0 252 700 325 800 14 0 19 0 23 0 287 1000 63 0 217 700 256 600 241 900 339 900 297 700 17 0 302 800 208 600 22 0 48 0 37 100 71 200 20 0 266 800 16 0 213 600
21 0 17 0 18 0 239 700 115 100 20 0 19 0 18 0 180 600 243 800 25 0 18 0 14 100 262 700 256 700 281 700 229 900 271 700 229 700 271 800 115 200 55 300 158 500 17 0 23 100 295 600 271 700 53 0 230 800 25 0 267 800
17 0 20 0 270 700 229 800 270 900 19 0 231 500 24 0 283 900 188 600 13 0 37 0 254 600 217 700 249 1000 250 800 265 800 248 800 277 800 236 700 236 700 22 0 17 0 50 100 47 100 167 800 259 500 266 900 18 0 19 0 301 900

172 600 18 0 254 900 249 700 252 600 16 0 200 900 19 0 247 700 18 0 21 0 73 600 282 900 28 100 255 700 232 800 270 700 234 700 226 800 269 800 258 700 17 0 17 0 162 500 167 500 20 0 62 600 146 500 19 0 18 0 31 100
263 800 21 0 181 600 251 800 258 900 19 0 250 500 15 0 296 800 20 0 193 600 362 800 216 600 23 0 211 700 279 700 173 600 189 600 267 700 225 700 203 800 120 400 57 0 19 0 221 700 37 100 22 0 15 0 208 700 61 100 19 0
269 700 84 100 318 800 256 800 232 800 16 0 292 1000 20 0 256 800 20 0 249 600 254 700 274 800 16 0 306 600 134 500 21 0 19 0 121 500 134 500 19 0 32 0 199 700 93 200 273 700 105 300 132 0 20 0 18 0 276 800 20 0
110 700 222 800 274 700 254 800 282 700 180 500 254 700 20 0 18 0 21 0 290 900 317 800 281 800 20 0 218 1000 21 0 17 0 18 0 18 0 21 0 17 0 148 500 69 200 256 700 224 800 44 0 44 500 269 800 110 300 212 800 17 0
391 900 286 800 249 900 284 800 183 700 199 800 225 800 20 0 16 100 18 0 258 700 237 800 183 600 21 0 196 500 18 0 22 0 22 0 22 0 18 0 23 0 109 300 17 0 180 700 22 0 99 200 148 100 20 100 88 200 249 600 21 0
215 600 76 300 94 200 197 500 260 700 246 500 227 600 17 0 10 0 7 0 189 700 210 600 252 800 16 0 14 0 11 0 8 0 15 0 16 0 18 0 16 0 16 0 9 0 9 0 18 0 209 800 256 1100 48 0 83 200 173 500 10 0

0 0 0 0 0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 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 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 177 600 0 0 0 0 70 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 244 800 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 286 700 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 216 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 248 900 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 278 900 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 253 800 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 221 700 0 0 0 0 0 0 78 200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 243 600 0 0 0 0 0 0 237 700 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 264 900 0 0 0 0 0 0 234 800 0 0 131 400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0
0 0 0 0 0 0 0 0 252 700 0 0 0 0 0 0 220 600 0 0 279 800 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 262 800 0 0
0 0 0 0 0 0 30 100 287 800 0 0 0 0 0 0 259 800 0 0 201 800 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 235 800 0 0
0 0 0 0 0 0 202 600 262 700 0 0 0 0 0 0 270 800 0 0 263 600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 202 800 0 0
0 0 0 0 0 0 151 300 254 700 0 0 142 400 0 0 230 800 0 0 275 900 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 279 700 0 0
0 0 0 0 0 0 222 1000 264 900 0 0 257 700 0 0 289 700 0 0 233 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 231 700 0 0
0 0 0 0 0 0 237 600 143 500 0 0 203 700 0 0 223 700 0 0 262 1000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 289 800 0 0
0 0 0 0 0 0 270 800 18 0 0 0 259 900 0 0 249 700 26 100 238 700 126 400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 245 900 0 0
0 0 0 0 0 0 223 800 22 0 0 0 233 700 0 0 246 900 251 600 255 700 247 800 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 218 600 0 0
0 0 0 0 0 0 214 700 17 0 0 0 273 700 0 0 247 800 236 900 248 800 246 700 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 122 400 253 700 0 0
0 0 0 0 0 0 296 900 20 0 0 0 239 800 0 0 264 800 257 800 269 600 241 700 217 600 282 600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 141 200 268 900 0 0
0 0 0 0 0 0 193 600 20 0 0 0 249 600 0 0 232 700 244 700 94 500 235 800 223 600 221 900 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 230 900 242 600 157 400

20 100 0 0 0 0 313 800 80 100 0 0 203 900 0 0 266 700 232 700 20 100 196 700 217 800 257 700 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 129 400 0 0 0 0 216 700 263 900 239 700
231 700 0 0 0 0 243 900 246 700 0 0 300 700 0 0 274 800 221 800 16 0 289 700 244 800 177 700 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 238 600 0 0 0 0 20 100 224 700 226 700
264 800 0 0 0 0 226 700 240 800 0 0 232 800 0 0 261 800 249 800 76 100 279 900 218 700 271 800 0 0 0 0 0 0 0 0 0 0 0 0 139 400 0 0 0 0 0 0 0 0 213 900 0 0 0 0 73 200 275 800 262 1000
230 700 0 0 0 0 251 800 3 0 0 0 248 700 0 0 182 600 230 600 212 800 210 700 291 600 235 800 0 0 0 0 0 0 0 0 0 0 0 0 231 800 0 0 0 0 0 0 0 0 275 600 0 0 107 300 43 0 248 800 216 600
237 800 0 0 0 0 248 700 0 0 195 200 288 600 0 0 291 800 289 800 285 700 271 600 273 800 42 0 0 0 0 0 0 0 0 0 0 0 0 0 264 700 0 0 0 0 0 0 49 200 67 400 0 0 239 900 235 700 279 700 0 0
172 500 0 0 0 0 248 600 0 0 256 1200 179 800 0 0 229 800 219 700 237 700 276 800 243 900 0 0 0 0 0 0 0 0 0 0 0 0 0 0 233 700 0 0 0 0 0 0 209 500 150 400 0 0 258 500 115 400 207 700 0 0

0 0 0 0 0 0 269 900 0 0 217 800 9 100 0 0 260 600 227 900 269 800 193 700 248 800 200 500 0 0 0 0 0 0 0 0 0 0 0 0 262 900 0 0 0 0 0 0 214 700 236 700 0 0 213 1000 218 700 330 800 0 0
0 0 0 0 0 0 301 700 0 0 251 700 23 0 0 0 291 1000 303 700 246 600 0 0 242 600 249 900 0 0 0 0 0 0 0 0 0 0 0 0 215 600 0 0 0 0 0 0 247 800 205 700 0 0 183 500 195 800 218 700 0 0
0 0 0 0 0 0 202 700 0 0 248 800 61 100 0 0 262 700 252 700 250 1000 1 100 238 900 224 700 0 0 0 0 0 0 0 0 0 0 0 0 235 800 0 0 30 0 0 0 237 800 39 100 0 0 0 0 50 100 297 800 0 0
0 0 0 0 0 0 305 900 0 0 227 700 239 500 0 0 277 600 242 800 248 700 22 0 248 700 169 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 230 700 140 300 0 0 0 0 43 0 243 600 0 0
0 0 0 0 0 0 259 700 0 0 255 800 203 1000 0 0 249 900 214 900 211 600 226 600 283 800 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 200 117 300 0 0 0 0 139 400 268 900 223 700
0 0 63 100 0 0 256 700 0 0 267 800 316 700 0 0 253 700 288 700 231 900 204 600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33 0 161 400 0 0 0 0 33 100 105 400 0 0
0 0 190 600 0 0 265 800 0 0 229 700 202 700 0 0 214 700 252 600 100 200 294 900 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 107 300 0 0 41 0 0 0 0 0 86 600 0 0 0 0 152 400 18 0 0 0
0 0 258 900 0 0 247 700 0 0 248 700 230 900 0 0 296 900 224 800 20 0 207 700 6 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 206 700 0 0 133 500 0 0 0 0 232 300 0 0 199 400 0 0 20 0 147 400
0 0 250 800 0 0 284 700 0 0 239 800 321 500 0 0 284 700 295 800 13 0 270 700 237 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 173 500 0 0 0 0 0 0 0 0 217 700 0 0 251 1000 0 0 19 0 235 800
0 0 214 700 72 200 212 700 0 0 84 300 237 900 0 0 67 400 221 700 18 0 131 400 253 700 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 236 700 67 300 0 0 237 700 0 0 19 0 81 200
0 0 255 600 127 400 281 900 0 0 23 0 224 800 0 0 20 0 280 800 4 0 0 0 226 800 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 243 900 113 300 0 0 47 300 0 0 73 0 0 0
0 0 272 1000 94 200 39 200 0 0 148 400 238 800 0 0 20 0 248 600 0 0 0 0 258 700 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 193 700 114 200 0 0 0 0 0 0 260 800 0 0
0 0 194 600 83 400 16 0 0 0 255 700 286 700 0 0 18 0 254 900 0 0 0 0 258 800 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33 200 190 500 176 700 0 0 208 400 0 0 225 700 0 0
0 0 0 0 0 0 23 0 0 0 246 800 233 800 0 0 16 0 284 600 0 0 0 0 236 700 80 400 0 0 0 0 0 0 0 0 0 0 0 0 207 600 0 0 0 0 232 600 25 0 47 0 0 0 168 700 0 0 215 800 0 0
0 0 0 0 0 0 20 0 0 0 0 0 309 800 0 0 22 0 230 900 84 100 0 0 237 800 99 100 0 0 0 0 0 0 0 0 0 0 0 0 256 800 0 0 0 0 278 900 130 400 115 300 0 0 0 0 0 0 296 800 41 100
0 0 0 0 0 0 19 0 0 0 0 0 246 600 0 0 236 500 283 600 94 400 235 600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 100 0 0 0 0 243 700 204 500 93 300 0 0 0 0 0 0 276 500 258 800
0 0 0 0 165 600 55 0 0 0 0 0 107 400 0 0 247 800 247 900 0 0 238 700 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 194 700 0 0 37 100 0 0 0 0 0 0 249 900 67 300
0 0 0 0 103 200 266 700 0 0 0 0 0 0 0 0 260 900 152 500 0 0 0 200 0 0 109 600 0 0 0 0 0 0 0 0 0 0 0 0 16 0 155 400 0 0 140 400 54 200 43 0 0 0 0 0 0 0 105 300 0 0
0 0 0 0 0 0 205 900 0 0 132 400 0 0 0 0 224 600 17 0 0 0 0 0 0 0 117 200 0 0 0 0 0 0 0 0 0 0 0 0 234 800 197 700 0 0 0 0 239 700 44 200 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 261 600 0 0 53 100 0 0 168 400 264 700 21 0 0 0 8 100 0 0 0 0 0 0 0 0 135 400 0 0 0 0 0 0 255 800 9 0 0 0 0 0 231 600 53 100 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 268 900 0 0 0 0 0 0 256 800 285 900 20 0 0 0 312 700 0 0 0 0 0 0 0 0 249 800 0 0 0 0 0 0 222 600 0 0 0 0 37 100 62 400 135 300 0 0 0 0 0 0 0 0 0 0
0 0 0 0 129 400 237 600 0 0 0 0 149 300 201 800 254 800 20 0 0 0 264 900 113 200 0 0 0 0 0 0 232 700 0 0 0 0 0 0 0 0 0 0 0 0 202 500 47 0 26 100 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 266 900 0 0 0 0 228 700 201 800 261 700 137 200 0 0 150 500 258 900 0 0 0 0 0 0 246 700 0 0 0 0 0 0 0 0 107 400 0 0 242 800 126 200 74 100 0 0 0 0 0 0 0 0 0 0
0 0 0 0 89 200 190 700 0 0 210 500 147 500 295 800 261 800 215 800 0 0 0 0 243 700 132 400 0 0 0 0 193 800 0 0 0 0 0 0 144 500 201 800 0 0 267 900 190 700 84 100 78 200 0 0 0 0 0 0 0 0
0 0 0 0 134 500 310 600 0 0 286 1000 0 0 205 700 146 400 249 800 0 0 0 0 260 700 140 400 139 200 0 0 296 800 0 0 0 0 0 0 214 600 155 300 0 0 145 400 288 800 102 400 249 700 0 0 0 0 0 0 0 0
0 0 0 0 0 0 294 800 0 0 78 300 0 0 220 900 0 0 210 700 0 0 0 0 259 900 0 0 227 800 0 0 240 600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 129 600 123 300 219 800 0 0 0 0 0 0 0 0
0 0 0 0 0 0 243 700 0 0 2 0 0 0 269 700 0 0 342 700 0 0 0 0 256 700 0 0 210 800 0 0 282 800 0 0 0 0 0 0 0 0 0 0 94 200 57 200 28 0 183 600 294 700 0 0 0 0 0 0 0 0
0 0 0 0 0 0 19 200 0 0 189 600 51 100 197 500 0 0 252 800 0 0 0 0 203 700 0 0 256 800 0 0 222 1000 0 0 0 0 0 0 0 0 171 500 77 300 266 900 118 500 66 100 186 900 0 0 0 0 0 0 0 0
0 0 0 0 171 500 17 0 0 0 140 400 151 400 227 900 0 0 249 800 0 0 0 0 0 0 0 0 276 700 0 0 267 700 0 0 0 0 0 0 0 0 182 800 0 0 243 600 200 600 171 700 256 600 0 0 0 0 0 0 0 0
0 0 0 0 202 800 19 0 0 0 167 400 280 900 288 600 0 0 253 700 0 0 159 500 19 100 0 0 239 700 0 0 241 500 0 0 0 0 0 0 0 0 68 0 0 0 156 600 261 700 59 100 292 1000 0 0 0 0 0 0 0 0
0 0 0 0 270 600 22 0 0 0 243 800 37 100 241 1100 0 0 285 700 0 0 169 500 21 0 0 0 191 900 0 0 207 800 0 0 0 0 0 0 0 0 0 0 0 0 0 0 47 100 0 0 209 500 0 0 0 0 0 0 0 0
0 0 0 0 163 1000 20 0 0 0 171 500 0 0 238 700 0 0 148 600 0 0 0 0 21 0 0 0 176 300 0 0 284 1000 0 0 0 0 0 0 0 0 0 0 0 0 90 300 26 0 0 0 282 900 0 0 0 0 0 0 0 0
0 0 0 0 334 700 26 0 0 0 0 0 33 100 243 600 0 0 17 0 0 0 0 0 188 600 0 0 0 0 0 0 276 600 0 0 0 0 0 0 0 0 0 0 0 0 89 200 224 500 0 0 206 900 0 0 0 0 0 0 0 0
0 0 37 100 241 900 252 500 0 0 0 0 0 0 199 800 0 0 18 0 0 0 0 0 306 700 162 600 0 0 0 0 267 800 0 0 0 0 0 0 0 0 68 200 0 0 55 100 68 400 0 0 260 600 0 0 0 0 0 0 0 0
0 0 96 200 252 700 206 900 0 0 0 0 177 500 224 700 0 0 0 0 0 0 221 700 262 800 259 700 0 0 0 0 255 500 0 0 0 0 0 0 0 0 257 600 95 400 124 300 22 0 0 0 270 700 0 0 0 0 0 0 0 0
0 0 173 600 246 600 214 800 0 0 0 0 235 800 292 900 0 0 0 0 138 200 206 700 208 800 236 800 0 0 0 0 260 1000 0 0 0 0 0 0 0 0 94 600 126 300 182 700 38 0 0 0 280 900 0 0 0 0 0 0 0 0
0 0 0 0 245 900 305 800 0 0 40 100 210 600 225 800 0 0 0 0 203 900 0 0 130 300 255 700 0 0 0 0 125 400 0 0 0 0 0 0 0 0 0 0 0 0 25 0 56 100 0 0 196 700 0 0 0 0 0 0 0 0
0 0 0 0 246 700 228 500 0 0 0 0 0 0 275 700 0 0 0 0 13 0 0 0 12 100 223 800 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 51 100 0 0 281 700 0 0 0 0 0 0 0 0
0 0 0 0 267 700 239 900 0 0 0 0 4 0 225 700 0 0 0 0 0 0 0 0 19 0 275 600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 70 200 0 0 196 800 0 0 0 0 0 0 0 0
0 0 0 0 185 800 313 900 0 0 176 600 115 400 269 800 0 0 0 0 0 0 0 0 18 0 137 700 0 0 0 0 0 0 0 0 0 0 120 300 0 0 229 500 0 0 17 0 55 200 0 0 316 800 0 0 0 0 0 0 0 0
0 0 89 300 247 800 274 600 0 0 270 700 286 700 220 700 0 0 0 0 0 0 0 0 164 200 4 100 0 0 0 0 0 0 0 0 0 0 213 700 0 0 193 800 0 0 232 700 66 200 0 0 271 700 0 0 0 0 0 0 0 0
0 0 132 400 24 0 226 800 0 0 38 300 244 800 251 700 0 0 0 0 124 400 0 0 201 900 0 0 0 0 0 0 0 0 0 0 0 0 243 800 0 0 153 600 0 0 172 600 177 500 0 0 241 900 0 0 0 0 0 0 82 200
0 0 0 0 74 0 154 500 0 0 230 700 235 700 252 800 0 0 0 0 187 600 38 0 272 700 0 0 0 0 0 0 0 0 0 0 0 0 187 700 0 0 189 700 0 0 0 0 268 800 0 0 141 300 0 0 0 0 0 0 0 0
0 0 0 0 16 200 18 0 0 0 96 200 0 0 203 700 0 0 0 0 0 0 192 800 263 700 0 0 0 0 0 0 0 0 0 0 0 0 296 700 0 0 308 800 158 400 154 600 62 200 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 245 800 22 0 0 0 0 0 0 0 287 900 0 0 0 0 0 0 193 500 3 100 0 0 0 0 0 0 0 0 0 0 0 0 78 300 0 0 210 600 111 500 272 700 129 400 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 270 600 8 0 0 0 0 0 0 0 246 600 0 0 0 0 0 0 0 0 17 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 200 239 600 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 238 700 30 0 0 0 0 0 157 600 268 900 0 0 0 0 48 0 0 0 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 273 800 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 60 400 19 0 0 0 0 0 287 700 259 500 0 0 0 0 216 800 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 201 700 128 500 0 0 0 0 0 0 0 0 0 0 0 0

56 0 37 0 14 0 32 0 4 0 56 100 227 800 236 900 23 0 55 0 114 400 102 200 287 700 20 0 47 100 10 0 0 0 0 0 0 0 37 0 20 0 0 0 16 0 207 700 20 100 0 0 0 0 20 0 21 0 0 0 1 0
205 800 242 900 124 200 253 600 225 700 201 700 259 700 238 800 228 800 217 800 258 800 211 800 206 600 248 700 218 800 264 800 288 800 252 600 248 700 161 900 247 800 192 500 229 800 113 300 138 300 129 300 237 700 218 600 206 500 218 700 257 700
213 600 236 600 254 900 257 900 271 700 262 800 268 700 233 800 245 700 231 700 241 800 200 600 206 900 227 700 230 700 211 700 208 800 209 800 218 700 256 700 232 700 280 900 195 700 35 100 102 400 109 500 280 900 204 900 242 900 282 800 139 700
246 900 244 900 18 100 180 700 199 500 159 800 212 800 251 600 229 700 217 700 230 700 255 900 295 600 261 800 252 700 220 800 262 800 231 900 245 700 231 800 236 800 263 900 219 500 192 400 102 100 69 200 222 800 225 700 221 900 180 800 312 800
195 800 235 800 109 200 327 800 284 1100 293 800 277 700 277 800 252 700 280 800 260 700 273 600 286 800 222 700 218 700 228 800 200 800 252 700 166 900 282 800 240 800 227 700 192 400 103 400 228 600 250 800 260 600 261 700 265 700 288 600 255 700
244 700 215 700 102 400 235 800 234 600 252 700 235 700 240 800 269 800 263 800 236 900 199 1000 186 700 249 900 239 700 269 700 287 700 213 700 304 600 214 700 218 500 250 900 257 1100 57 0 243 800 79 200 18 200 133 500 212 800 237 900 193 900
258 800 264 900 114 300 254 800 219 900 300 800 278 600 227 700 238 800 132 700 230 700 204 700 22 100 261 700 254 1000 228 700 209 800 254 800 218 700 249 400 241 900 256 500 263 800 139 500 216 900 57 200 60 0 105 300 201 600 264 700 294 800
232 800 218 800 70 200 210 700 244 800 208 800 218 800 280 800 258 800 371 800 268 700 333 800 18 0 241 800 226 800 272 700 320 800 265 600 223 900 293 1200 273 800 251 700 244 800 239 700 21 0 76 100 246 800 52 0 200 700 208 700 243 500
246 700 278 600 110 400 268 600 233 800 271 700 260 900 200 800 242 600 251 800 232 800 176 600 17 0 225 600 286 600 239 900 228 600 180 900 275 700 253 600 192 800 268 900 246 500 224 700 18 0 25 0 217 700 142 500 196 500 264 900 229 900
263 700 200 800 307 700 126 500 279 600 240 700 248 600 241 600 220 900 176 700 171 800 381 800 18 0 259 900 251 800 186 700 255 900 305 700 257 700 232 900 320 800 220 600 231 1000 18 100 236 500 52 100 267 800 250 800 191 600 259 700 237 800
241 700 277 800 246 800 19 0 236 700 277 800 281 900 275 800 274 700 318 700 299 600 197 800 18 0 282 600 199 700 288 700 255 600 220 900 222 800 227 800 213 800 279 900 229 600 91 200 162 700 39 100 285 800 205 400 74 300 281 700 271 700
126 1100 233 800 246 800 19 0 247 900 184 800 221 700 230 800 218 800 213 700 274 800 284 600 217 500 239 1000 265 900 165 900 264 600 257 600 265 800 228 700 257 700 238 900 269 900 60 100 19 0 20 0 207 700 227 1000 174 400 247 700 276 800
362 700 254 800 258 800 20 0 271 700 313 700 224 800 302 700 283 700 229 800 244 800 269 1000 243 900 186 700 286 700 265 600 216 1000 227 800 254 800 313 700 267 700 244 700 241 600 19 0 119 200 33 100 249 800 243 900 147 400 202 800 222 800
223 800 240 600 46 200 19 0 159 800 254 800 14 0 185 800 241 800 328 900 239 600 173 700 232 600 312 600 234 700 314 900 291 600 165 700 238 800 237 800 229 800 270 800 129 900 249 500 218 800 170 0 287 800 176 400 43 100 204 800 188 700
192 500 303 800 14 0 15 0 306 600 229 700 23 0 284 600 243 800 247 600 236 900 317 500 276 900 228 800 212 700 181 700 254 900 333 600 266 800 217 600 232 700 270 600 333 700 125 600 288 900 93 800 167 500 29 0 160 400 313 700 344 800
17 0 250 800 14 0 21 0 265 1000 242 600 20 0 240 800 259 700 192 700 256 700 269 600 225 600 300 900 292 900 248 800 261 700 287 900 246 600 232 900 268 700 214 1000 272 700 36 100 202 700 222 500 18 0 20 0 137 800 299 600 262 800

148 400 244 800 243 600 229 600 247 700 252 700 18 0 277 700 270 600 58 200 274 700 270 1000 19 100 221 600 193 600 301 700 227 800 226 900 217 800 258 800 254 900 291 700 216 800 45 100 252 600 264 900 19 0 207 400 245 600 255 800 234 700
271 800 271 800 278 800 206 600 237 700 293 800 19 0 228 800 216 800 20 0 226 800 259 900 17 0 289 800 325 900 257 700 17 100 219 800 286 800 285 700 236 800 217 700 262 600 55 100 284 800 235 800 76 100 266 1000 346 1000 202 800 276 800
240 800 271 600 205 800 261 800 227 800 219 700 85 100 274 700 20 100 17 0 252 700 223 600 21 0 209 800 221 600 222 900 21 0 287 700 254 700 215 800 290 700 259 800 277 700 155 600 70 400 117 400 223 700 74 300 171 500 158 500 210 500
169 800 240 800 272 800 216 800 294 700 286 900 209 700 223 700 18 0 17 0 145 500 71 300 0 0 276 600 241 900 269 600 20 0 277 700 262 700 248 700 216 700 277 700 252 900 235 700 21 0 27 0 269 800 24 0 20 0 18 0 20 200
329 600 262 900 250 700 301 800 283 700 261 800 279 800 260 900 20 0 20 0 18 100 17 0 0 0 209 800 287 700 279 700 17 0 209 700 247 800 286 800 260 600 247 700 239 800 17 0 16 0 52 200 269 800 85 100 162 300 19 0 18 0
231 800 268 700 277 700 255 400 251 900 188 600 245 800 253 700 17 0 127 300 19 0 19 0 127 200 295 800 237 600 216 800 21 0 289 800 250 600 240 700 260 900 259 800 234 500 62 200 116 300 69 200 222 700 75 100 100 300 17 0 20 0
257 800 233 800 244 800 227 1000 216 700 20 0 271 700 255 700 21 0 285 800 20 0 21 0 284 800 284 700 220 1000 268 700 11 100 244 800 256 1000 260 700 234 500 27 100 260 900 117 300 216 700 66 100 259 700 207 500 252 800 19 0 242 600
265 900 272 800 210 800 236 700 264 600 19 0 254 700 212 600 196 600 237 700 16 0 20 0 213 800 256 800 327 500 197 700 340 900 246 700 214 600 289 800 283 900 16 0 242 800 72 200 306 800 89 100 227 700 89 500 18 100 115 300 255 900
195 700 201 700 18 0 20 100 249 900 18 0 236 700 261 900 253 700 234 800 69 0 69 0 293 700 191 600 240 900 329 900 204 600 255 700 322 900 237 800 255 900 24 0 245 600 36 0 235 700 199 800 20 0 91 300 170 600 224 600 277 700
321 700 328 800 16 0 18 0 250 800 19 0 229 900 261 700 286 700 20 0 193 800 221 700 250 800 122 400 214 700 231 800 288 700 254 800 253 600 232 500 273 700 18 0 281 700 53 100 63 300 145 300 11 0 241 700 284 600 297 800 242 800
243 900 212 600 22 0 19 0 294 700 21 0 253 700 274 800 212 600 19 0 302 600 277 800 17 200 18 0 313 800 205 700 260 900 274 800 246 900 300 900 19 200 18 0 210 900 48 100 16 0 194 800 22 0 67 200 94 500 259 800 240 700
236 600 258 900 19 0 20 0 246 700 28 0 199 600 253 500 259 1000 19 0 234 900 234 800 19 0 23 0 264 800 186 500 256 700 255 600 265 700 203 700 23 0 118 300 18 0 78 100 20 0 145 400 122 200 60 200 61 100 203 700 293 800
272 800 294 700 58 0 20 0 260 700 281 600 15 0 210 1000 167 400 15 0 211 700 181 700 18 0 13 0 217 700 23 0 251 800 235 900 276 800 270 800 15 0 256 700 19 0 38 100 146 300 131 200 263 800 184 500 245 800 80 200 246 700
211 800 198 800 271 900 19 0 229 800 243 900 23 0 264 500 18 100 25 0 311 900 331 700 18 0 22 0 148 400 19 0 234 800 241 700 200 700 252 600 20 0 245 600 15 0 33 0 203 700 215 800 232 900 233 700 17 0 18 0 232 800
303 800 99 200 75 300 56 0 286 700 220 600 15 0 248 900 18 0 231 500 233 700 202 700 16 0 75 100 19 0 18 0 20 0 261 700 282 800 274 900 21 0 270 900 38 0 83 200 261 900 257 900 277 700 32 100 171 500 13 0 227 700
263 700 21 0 21 0 204 700 43 300 263 800 21 0 273 700 19 0 231 1000 270 700 303 900 33 0 231 700 15 0 18 0 16 0 18 100 268 700 17 100 110 100 230 800 136 300 27 0 271 700 29 100 205 800 158 500 51 100 22 0 18 0
189 800 18 0 18 0 297 900 14 0 272 800 19 0 211 800 18 0 240 700 238 800 203 700 178 500 196 800 25 0 143 100 22 0 17 0 223 700 21 0 233 700 279 800 180 700 22 100 284 600 79 300 67 100 148 500 89 300 22 0 20 0
321 700 17 0 171 300 244 600 22 0 265 800 61 0 260 700 36 0 289 600 186 600 21 0 236 800 299 500 21 0 213 900 18 0 18 0 17 100 18 0 209 700 251 800 21 0 71 100 180 900 287 700 18 0 26 0 209 600 19 0 17 0
243 800 21 0 264 800 258 800 20 0 236 800 186 800 67 200 282 600 240 700 14 100 17 0 318 800 234 1000 18 0 275 800 16 0 19 0 18 0 21 0 295 900 175 700 69 0 76 200 52 100 27 100 25 0 42 100 137 500 124 200 19 0
272 800 25 0 239 900 193 700 16 0 204 800 269 600 17 0 237 800 66 400 21 0 19 0 210 800 236 800 163 300 223 700 22 0 18 0 19 0 18 0 256 700 188 400 206 800 135 500 24 0 138 300 34 0 133 500 12 0 246 600 19 0
192 600 222 600 193 600 123 400 17 0 154 300 201 700 16 0 193 800 15 0 16 0 17 0 150 400 245 600 185 700 216 700 123 300 51 0 18 0 136 300 206 700 16 0 230 700 33 0 20 0 215 700 71 200 202 500 148 300 213 800 190 500

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 7 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 84 300 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 201 700 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 288 600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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•Economy 10 tariff

•35oC underfloor heating 
temperature on 1st Jan 2010

•1oC minimum ground return 
temperature on 1st Jan 2010

•BUT 250W parasitic load
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Overview

• Some examples of GSHPs performing well
• Why does DECC care so much?
• What causes poor performance?

- Incorrectly design/installed ground loops
- Insufficient HP capacity
- High emitter temperatures

• What are we doing about it?
- Major MCS installer standard revision (MIS 3005)
- Closely monitoring the Renewable Heat Premium Payment

•



Why does DECC care so much?



DECC’s latest 2050 publication: My2050
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DECC’s latest 2050 publication: My2050



How long will 60-80% penetration of heat pumps take?

Market penetration trends, home energy efficiency measures

 

Source:BRE: domestic energy use and carbon emissions: scenarios to 2050 (Utley and Shorrock, 
2005)

Prof. Dennis Loveday.  Market penetration of home energy-efficiency related measures



Getting warmer: a field trial of heat pumps
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This field trial is the first in the UK to monitor how 
heat pumps perform in real conditions in actual 
homes. The 83 sites we monitored yielded a wide 
spectrum of performance results, even in installations 
that seemed similar. Some installations performed as 
well as heat pumps studied in European field trials, 
but many failed to meet these levels. 

The major difference between the UK and European 
field trial findings is that the UK has particularly old 
and inefficient housing stock. The British climate also 
tends to be cold and damp, rather than very cold and 
dry like Scandinavia. But as well as these predictable 
factors, heat pump performance is affected by the 
existing heating systems in UK homes, the attitudes 
and behaviour of heat pump users, and the quality of 
installations. The heat pump market is more mature in 
the rest of Europe, and installers have more experience. 
The fact that heat pumps have been shown to work 
effectively in Europe suggests that the technology has 
the potential to provide good carbon savings in the UK. 

Although every home is unique, it has been shown that a 
well-performing heat pump can produce a COP and 
system efficiency ratio of at least 3.0. This means that for 
every input unit of electricity there is a useful output of 
three equivalent heat energy units. These best-performing 
installations should give consumers confidence that heat 
pumps can provide good levels of internal heating, lower 
carbon emissions, and reduce fuel bills when installed 
properly. Approximately 13% of all sites in the trial 
achieved system efficiencies in excess of 3.0. 

The worst-performing sites we monitored illustrate the 
need for customers to be vigilant when purchasing a heat 
pump, to be sure that they are buying the best system 
for their property and their lifestyle. Manufacturers and 
installers should also take care to ensure that heat 
pumps are specified and installed properly.

The heat pump industry also needs to ensure that future 
installations are carried out in accordance with an 
agreed set of norms and standards. Installers need to 
be aware that they play an important role in educating 
customers on the best way to control their system.

The following section discusses the key findings in 
more detail. 

The key findings from the field trial

Key findings

Distribution of measured system efficiencies (ASHP)
Shaded bars denote estimated efficiencies

Distribution of measured system efficiencies (GSHP)
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system efficiency ratio of at least 3.0. This means that for 
every input unit of electricity there is a useful output of 
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need for customers to be vigilant when purchasing a heat 
pump, to be sure that they are buying the best system 
for their property and their lifestyle. Manufacturers and 
installers should also take care to ensure that heat 
pumps are specified and installed properly.

The heat pump industry also needs to ensure that future 
installations are carried out in accordance with an 
agreed set of norms and standards. Installers need to 
be aware that they play an important role in educating 
customers on the best way to control their system.
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Total electricity consumption =  10763 kWh
Parasitic load =  10 W. Cont. over operating period =     86 kWh (  0.8 %)
Parasitic load =  150 W. Cont. over operating period =   1288 kWh (  12.0 %)
DHW heat ~   1324 kWh (Avg Temp =  46.3 oC)
CH heat ~     26274 kWh (Avg Temp =  37.0 oC)
DHW frac ~     0.05
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• GSHP
• Semi-detached
• Integrated solar 

hot water
• DHW + 

underfloor + 
rads

• Coaxial 
borehole?

Case study 3: Poor ground loop design

471PWO



20

40

 

 
DHW temp
DHW cold feed temp

01/04/09 01/07/09 01/10/09 01/01/10 01/04/10
10

0

10

20

30

40

Te
m

pe
ra

tu
re

 (o C
)

 

 
CH flow temp
CH return temp
Ground flow temp
Ground return temp

4
2
0
2
4
6
8

 

 
CH temp difference
Ground temp difference

Case study 3: Poor ground loop design



-12 

-10 

-8 

-6 

-4 

-2 

0 
11/01/10 12/01/10 13/01/10 14/01/10 

Te
m

pe
ra

tu
re

 (o
C

) 

Ground flow temp 

Ground return temp 

Case study 3: Poor ground loop design



−8 −6 −4 −2 0 2 4 6
0

2

4

6

8

10

12

14

16

18

20

T
cold

 (oC)

P
o
w

e
r 

(k
W

)

 

 
Heat power− Continuous operation burst

Electrical power− Continuous operation burst
40.0 <=T

hot
 (CH flow temperature oC) <50.0

30.0 <=T
hot

 (CH flow temperature oC) <40.0

Case study 3: Poor ground loop design: what happens on the coldest day?
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•This heat pump requires frequent manual reseting
•System efficiency could increase from ~2.5 to ~3.2 if 
the ground collector was fixed.

•Several other systems with sub-zero ground return 
temperatures for large fractions of the year.

•Horizontal ground collectors are also poorly sized.

Case study 3: Ground loops: borehole design



Case study 4: Impact of direct electric top-up (undersizing)

416SMA

•5kW GSHP
•3-bed detached house
•Supplies DHW and underfloor heating
•300m horizontal ground loop
•Wood-burning stove
•RdSAP rating = C
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Total electricity consumption =   4554 kWh
Parasitic load =  30 W. Cont. over operating period =    262 kWh (  5.7 %)
Parasitic load =  90 W. Cont. over operating period =    785 kWh (  17.2 %)
DHW heat ~   2722 kWh (Avg Temp =  43.3 oC)
CH heat ~      9423 kWh (Avg Temp =  30.0 oC)
DHW frac ~     0.29
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Case study 4: Impact of direct electric top-up (undersizing)



What are we doing about it?



Efficiency Rating GSHP Likely 
SPF

ASHP Likely 
SPF

Flow 
Temperature To 
Heating System 

oC

Return 
Water Temp 

oC

UFH Screed 
Floor with 

TILE

UFH Screed 
Floor with 

WOOD

UFH Screed 
Floor with 
CARPET

UFH            
Alu-panel 
with TILE

UFH            
Alu-panel 

with WOOD

UFH            
Alu-panel 

with 
CARPET

Fan Coil 
Unit 

(correction 
factor)

Domestic Fan 
Convector/Fan 

Assisted Radiator 
(correction factor)

Standard 
Radiator 

(correction 
factor)

Highest efficiency 4.3 3.6 35 30 PS!300 PS!300 PS!200 PS!200 PS!200 PS!150 0.21 0.25 0.16
4.1 3.4 40 35 PS!300 PS!300 PS!300 PS!300 PS!300 PS!200 0.29 0.35 0.26
3.7 3 45 40 PS!300 PS!300 PS!300 PS!300 PS!300 PS!300 0.38 0.45 0.35
3.4 2.7 50 45 PS!300 PS!300 PS!300 PS!300 PS!300 PS!300 0.47 0.55 0.46
3.1 2.4 55 50 PS!300 PS!300 PS!300 PS!300 PS!300 PS!300 0.56 0.65 0.57

Lowest Efficiency 2.8 2.1 60 55 PS!300 PS!300 PS!300 PS!300 PS!300 PS!300 0.65 0.75 0.69

Efficiency Rating GSHP Likely 
SPF

ASHP Likely 
SPF

Flow 
Temperature To 
Heating System 

oC

Return 
Water Temp 

oC

UFH Screed 
Floor with 

TILE

UFH Screed 
Floor with 

WOOD

UFH Screed 
Floor with 
CARPET

UFH            
Alu-panel 
with TILE

UFH            
Alu-panel 

with WOOD

UFH            
Alu-panel 

with 
CARPET

Fan Coil 
Unit 

(correction 
factor)

Domestic Fan 
Convector/Fan 

Assisted Radiator 
(correction factor)

Standard 
Radiator 

(correction 
factor)

Highest efficiency 4.3 3.6 35 30 PS!300 PS!100 PS!100 0.21 0.25 0.16
4.1 3.4 40 35 PS!300 PS!200 PS!150 PS!200 0.29 0.35 0.26
3.7 3 45 40 PS!300 PS!300 PS!300 PS!200 PS!200 PS!150 0.38 0.45 0.35
3.4 2.7 50 45 PS!300 PS!300 PS!300 PS!300 PS!200 PS!200 0.47 0.55 0.46
3.1 2.4 55 50 PS!300 PS!300 PS!300 PS!300 PS!300 PS!300 0.56 0.65 0.57

Lowest Efficiency 2.8 2.1 60 55 PS!300 PS!300 PS!300 PS!300 PS!300 PS!300 0.65 0.75 0.69

Efficiency Rating GSHP Likely 
SPF

ASHP Likely 
SPF

Flow 
Temperature To 
Heating System 

oC

Return 
Water Temp 

oC

UFH Screed 
Floor with 

TILE

UFH Screed 
Floor with 

WOOD

UFH Screed 
Floor with 
CARPET

UFH            
Alu-panel 
with TILE

UFH            
Alu-panel 

with WOOD

UFH            
Alu-panel 

with 
CARPET

Fan Coil 
Unit 

(correction 
factor)

Domestic Fan 
Convector/Fan 

Assisted Radiator 
(correction factor)

Standard 
Radiator 

(correction 
factor)

Highest efficiency 4.3 3.6 35 30 PS!100 0.21 0.25 0.16
4.1 3.4 40 35 PS!200 0.29 0.35 0.26
3.7 3 45 40 PS!300 PS!100 PS!100 PS!150 0.38 0.45 0.35
3.4 2.7 50 45 PS!300 PS!200 PS!150 PS!200 PS!100 0.47 0.55 0.46
3.1 2.4 55 50 PS!300 PS!300 PS!200 PS!200 PS!150 PS!100 0.56 0.65 0.57

Lowest Efficiency 2.8 2.1 60 55 PS!300 PS!300 PS!300 PS!300 PS!200 PS!150 0.65 0.75 0.69

Annual Energy Rating For Complete Heat Pump Systems - Space Heating Only

Heat Loss of 30 watts per square metre as taken from heat loss calculations per BSEN12831

Heat Loss of 50 watts per square metre as taken from heat loss calculations per BSEN12831

Heat Loss of 80 watts per square metre as taken from heat loss calculations per BSEN12831

Emitter guide- reduce room heat loss and design for a low 
emitter temperature

Shall 
communicate 

Likely SPF

Should explain selection
Shall identify emitter

Shall 
communicate 
“temperature 
star rating”

Shall determine room 
specific heat loss

Should show the relevant table from the emitter guide
Should explain the emitter guide



Guide for ground loop design

This is what Sweden created (in 1985!)

!"#$$$$$$$$$$$$$$$$$$Varia 511             2001-12-12          1-9905-0340

181 (236)

• Zon II: Södra Svealand, inre Götaland.

• Zon III: Södra Norrlands kustland, södra Dalarna, mellersta Värmland.

• Zon IV: Norrland (förutom södra Norrlands kustland), norra Dalarna, nordligaste
Värmland.

Riktlinjerna anges som värmeuttag per meter slang eller borrhål beräknade för en lägsta in-
kommande värmebärartemperatur till värmepumpen på –5 ºC. Eftersom pumpflödet normalt
är konstant under året, så kommer temperaturdifferensen över värmepumpen att variera med
uttagen värmeeffekt. Värmeeffektens storlek är beroende av värmebärarens temperatur. Rikt-
linjer för ytjordvärme och bergvärme ges i tabell 9.11 respektive tabell 9.12.
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Maximalt värmeuttag per m slang (W/m)
Effekt-

täckning
(%)

Energi-
täckning

(%)

Drifttid VP
(timmar) Normal

torr jord
Fuktig

moränjord
Mycket

fuktig jord
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Maximalt värmeuttag per meter borrhål
Effekt-

täckning
(%)

Energi-
täckning

(%)

Drifttid VP
(timmar) != 2,5

W/(m,K)
!= 3,0

W/(m,K)
!= 3,5

W/(m,K)
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The ‘100% rule’

•Because accurately determining building heat loss is 
difficult and the penalty of severe undersizing is much 
greater than the penalty of oversizing



The ‘100% rule’

•Because accurately determining building heat loss is 
difficult and the penalty of severe undersizing is much 
greater than the penalty of oversizing

•Because in the future the electricity grid will require 
balancing
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•Please be thorough in your design and installation 
work- there is little reason for a repeat of the EST field 
trials.



Closely monitoring the RHPP

•Policy makers and ministers need confidence

•Do consumers need protecting?

•Please be thorough in your design and installation 
work- there is little reason for a repeat of the EST field 
trials.

•The prize is a big one



Questions?


