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PURPOSE OF WORK

Evaluation of energy efficiency
representative objects
Sochi Olympics in 2014.
Development of recommendations to improve
the effectiveness of representative objects



WORK STRUCTURE

Stage Description of work performed

Collection of baseline Power Analysis Project-analogues
data. Analysis of the ice arenas, made in the country in 2002-2011. Development of

- ] basic unit values for individual groups of heat consumption and
situation electricity projects Analog ice arenas.

Clarification of the basic unit values for individual groups of heat
consumption and electricity hotels and office buildings to meet
their modes of operation on the basis of data STONOSTROY
2.35.4-2011.

Processing of the data Analysis of energy consumption for various groups of heat
consumption and power consumption of selected
representative of the Olympic Games of Sochi 2014.

Development of Evaluation of energy efficiency of selected representative of the
Olympic Games of Sochi 2014. Assessment of the potential to
reduce GHG emissions relative to baseline.

and methods Development of recommendations to improve the energy
efficiency of ice arenas, hotels, office buildings

considering the price of the life cycle (LLC).

Drafting of the final report. Letting the customer in accordance
with the requirements of the Terms of Reference.

recommendations
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ESTIMATED ANNUAL ENERGY STRUCTURE
SOFTWARE ENGINEERING ICE ARENA

14%

31%

15%

18%

1 - Electric pumps and fans;
2 - Thermal energy: heating, ventilation, hot water;
3 - Technological cold; 4 - Air conditioning;
5 — Lighting
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DATA ENGINEERING SYSTEMS
THE BASE VARIANT OF THE ICE ARENA

Num-

System Characterization

ber

1. |Heating

1.1. |The ice field and the stands Air, combined with ventilation

1.2. | Auxiliary facilities Water perimeter system with local heaters equipped
with thermostatic controls; with regulation

1.3. | Entrance Lobby Water air curtains, the local heating devices at the outer wall

2. |The substation Input parameters 130/70, plate heat exchangers on the parameters
of 95/70, automatic temperature control DHW heating control

3. |Ventilation Co-current balanced supply and exhaust, isothermal

4. |Cold supply process Reciprocating chillers with EER 1,8-2,2 (parameters -15 —-18 C°)

(preparation of ice)
5. |Cold supple Reciprocating chillers with EER 2,2-2,6 (parameters 7/12 C°)
6. | Air-conditioning Two-pipe fan coil units, surface cooling in the air handling units, air

drying in the warm season. Dry coolers for the cold season




DATA ENGINEERING SYSTEMS
THE BASE VARIANT OF THE ICE ARENA

~ System Characterization

ber

7. | Hot water supply From the thermal point with a temperature of 65 C°

8. | Consumption of electricity to drive the | Pumps with variable speed drive, with an estimated speed
pumps (heating, heating, hot water, of the fluid in the pipes 1-1.5 m/s.
refrigeration) Specific energy consumption E n H = 4.1 (Wh/m3)

9. | Electricity consumption at the drive Fans with variable speed drive with a design speed of air
fans (blowing, exhaust systems) flow in networks - 5-7 m/s.

Specific energy consumption E = 0.95 H (Wh/m3)

10. | Local air-conditioning system Inverter air conditioners (wall mounted, cassette, ducted)
(Split system) EER =2,5-2,8

11. | Lighting

a) anice field

- Competition

- Training

- Public skating

b) stands

c) support facilities
g) facade

Halogen lamps

70-100 W/m?

50-70 W/m?

25-30 W/m?

25-30 W/m?

Compact fluorescent lamps

2-3 W/m? (based on the total area of the arena)




ENERGY CHARACTERISTIC OF THE CIRCULATION PUMP
FOR HEATING, HEAT SUPPLY, WATER, COOLING
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INDICATORS AIR EXCHANGE

INDOOR PLANTS AND AREAS OF ICE

PSS i Ventilation rate, Specific air

; I/h 1 m% m3/h
1. |The ice field 1-1,5 10-15
2. | Spectator stands 1,0-2,0 15-25
3. | Spectator stands 1,5-2,2 i5-27
4. | Entrance lobby, lobbies, dressing rooms, 5.4 715

auxiliary rooms

5. | Refrigeration plant 4-5 Ao
6. | Changing rooms, showers and massage 3-4 10-12




ENERGY PERFORMANCE
AXIAL AND CENTRIFUGAL FANS
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Basic level of heat rate
for heating and ventilation installations in ice
additional modes of operation, Wh/(m?-°C - J $oghi

Area ratio of the arena (field + stands)
Mode of operation in the general area of the ice structures
0,4 0,5 0,6 0,7
Competitions 78 84 90 96
Training 44 42 40 38
Public skating 52 50 48 46
Maintenance duty 30 28 26 24
The basic level of specific consumption of heat
for hot water ice arenas, Wh/(m?2-°C - J $og¢hi
Area ratio of the arena (field + stands)
Mode of operation in the general area of the ice structures
0,4 0,5 0,6 0,7
Competitions 2,0 2,5 3,0 3,5
Training 1,2 1,4 1,6 1,8
Public skating 1,1 1,2 1,3 1,4
Maintenance duty 0,12 0,11 0,10 0,09




Basic level of specific energy consumption
on the cooling system technology, W/m?; Sochi

Mode of operation,

Fraction of the area of ice cover

in the general area of the ice structures

temperature of the ice 0.2 03 04 05 06 0.7
-4 26 39 52 65 78 91
-6 28 42 56 70 84 98
-8 30 45 60 75 90 105

Basic level of specific energy consumption
cooling system for hard currency, Wh/(m?.°C - J*&5gchi

Area ratio of the arena (field + stands)

Mode of operation in the general area of the ice structures
0,4 0,5 0,6 0,7
Competitions 54 60 66 72
Training 32 34 36 38
Public skating 32 34 36 38
Maintenance duty 12 13 14 15

* Degree-days are determined monthly basis regarding the supply air temperature of 16 °C




The basic level of specific consumption of electricity to drive
ventilator sets and pumps (pumps except in refrigeration plants) (W/m?2)

Area ratio of the arena (field + stands) in the general

Mode of operation area of the ice structures
0,4 0,5 0,6 0,7
Competitions 6,2 6,4 6,8 7,0
Training 4,1 4,2 4,3 4
Public skating 4,0 4,1 4,2 4,3
Maintenance duty 1,2 1,2 12 1,2

Basic level of specific energy consumption
the coverage of ice structures (W/m?)

Area ratio of the arena (field + stands) in the general
Mode of operation area of the ice structures
0,4 0,5 0,6 0,7
Competitions 30,0 32,0 34,0 36,0
Training 28,0 29,5 31,0 32,5
Public skating 26,0 27,0 28,0 29,0
Maintenance duty 6,0 6,0 6,0 6,0




Basic level of consumption relative power
systems engineering ice arenas (W/m?)

Mode of operation

Area ratio of the arena (field + stands) in the general
area of the ice structures

0,4 0,5 0,6 0,7
Competitions 71,5 76,7 82,3 82,3
Training 65,4 67,2 68,5 68,5
Public skating 63,1 64,8 66,6 66,7
Maintenance duty 36,7 37,8 38,7 38,8
The basic level of the specific energy consumption for reduced system
engineering facilities for ice arenas Sochi-2014 kWh/m?- y e a r
Area ratio of the arena (field + stands) in the
PexxmMm aKcnayaTaLmm general area of the ice structures
0,4 0,5 0,6 0,7
Competitions (1500 h/year) 107,2 115,1 123,4 131,6
Training (2500 h/year) 163,4 168,0 171,2 175,0
Public skating (1765 hours/year) 111,0 114,1 117,2 120,1
Maintenance, Standby (3000 hours/year) 110,2 113,3 116,0 118,8
TOTAL 491,8 510,5 527,8 545,5




The basic level of specific consumption of thermal energy

on heating and ventilation systems of office buildings * (Sochi), kWh/(m?- y e ar )
Mode of operation The average daily specific internal heat, W/m?

(hours/week) 5-10 11-15 16-20 21-25 26-30 31-35
40-60 273 228 188 166 117 78
61-80 283 238 198 176 127 88
81-100 292 247 207 185 136 97

101-120 298 253 213 191 142 103
121-140 304 259 219 197 148 109
141-168 312 267 227 215 156 117

* Ratio of basic compact office building (the ratio of the total useful area of a building
to the area of the outer shell) - 1.15

The basic level of specific consumption of thermal energy to the system
hot water supply* office buildings (Sochi), kWh/(m?- y e ar )

Mode of operation The area per one employee, m?/person

(hours/week) 7-8 9-10 11-12 13-14 15-16 7-8
40-60 8,2 6,5 5,4 4,6 4,0 8,2

61-80 9,9 7,8 6,4 5,5 4,8 9,9
81-100 T 10,0 8,2 7,0 6,1 12,7
101-120 15,4 12,2 10,1 8,6 7,4 15,4
121-140 18,2 14,4 8,5 10,1 8,8 18,2
141-168 21,5 17,0 14,0 12,6 9,5 21,5

* The rate of hot water 5 I/shift per 1 employee, the hot water temperature — 65 °C




The basic level of specific consumption of electricity in the system
cooling systems for office buildings SLE (Sochi), kWh/(m?- y e ar )

Mode of operation The average daily specific internal heat, W/m?

(hours/week) 5-10 11-15 16-20 21-25 26-30 31-35
40-60 31,9 34,9 37,9 39,4 41,3 43,1

61-80 e 5 46,5 50,0 52,5 55,0 57,5
81-100 51,0 55,8 60,0 63,0 66,0 69,0
101-120 61,4 65,1 70,0 73,5 77,0 80,5
121-140 65,9 . 1 77,5 81,4 85,3 89,1
141-168 72,3 79,1 85,0 89,3 93,5 97,8

The basic level of specific consumption of electricity to drive
pump and ventilator sets of office buildings (Sochi), kWh/(m2- y e ar )

Mode of operation Building area attributable to one employee, m?/person

(hours/week) 7-8 9-10 11-12 13-14 15-16

40-60 12,0 10,0 8,3 7,0 6,1

61-80 14,4 12,0 10,0 8,4 7,3

81-100 16,4 13,7 11,4 9,6 8,4

101-120 18,2 15,2 12,6 10,6 9,3
121-140 19,9 16,6 13,8 11,6 10,1
141-168 21,6 18,0 14,9 12,6 11,0




Basic level of specific energy consumption
for lighting office buildings (Sochi), kWh/(m?- y e ar )

Mode of operation The average light level lux
(hours/week) 100-150 151-200 201-250 251-300 301-350 351-400
40-60 38,5 56,0 70,0 87,5 90,5 119,0
61-80 42,0 67,0 84,0 105,0 126,0 143,0
81-100 54,0 78,5 90,0 124,5 147,0 166,5
101-120 61,5 89,5 112,0 140,0 168,0 190,5
121-140 69,5 101,0 126,0 155,0 189,0 214,0
141-168 77,0 112,0 140,0 175,0 210,0 238,0
The basic level of specific consumption of the reduced energy
on systems engineering office buildings* (Sochi), kWh/(m?2- y e ar )
Mode of operation The average daily per unit of heat, W/m?

(hours/week) 5-10 11-15 16-20 21-25 26-30 31-35
40-60 242 227 214 206 188 175
61-80 276 258 245 240 222 209
81-100 310 297 285 279 258 246

101-120 340 326 315 315 294 282
121-140 363 351 341 335 320 308
141-168 397 386 376 375 356 345

* Coefficient of thermal energy to bring electric adopted - 0.4




The basic level of specific consumption of thermal energy
for heating and ventilation in hotels (Sochi), kWh/(m?- y e ar )

U TERROf floors The area per one lodger

12-15 16-19 20-23 24-30

2 vl o) 24,8 23,1 21,9

3 26,2 23,6 21,9 20,8

4 24,9 22,4 20,8 19,8

5-6 23,6 21,2 19,7 18,7

7-8 22,4 20,2 18,8 17,9

9-10 21,3 11972 17,9 17,0

>10 20,5 18,5 17,2 16,3

The basic level of specific energy consumption per system

hot water hotel* (Sochi) kWh/(m2- y e ar )

Mnowaab, npuxoasuwasca Ha 1 noctosanbLa,

Lodging Type m2/uen.
12-15 16-19 20-23 24-30
Standard 110 96 85 75
With a swimming pool, Spa 121 106 94 83

* The rate of hot water - 70 liters per day on the guest




The basic level of specific consumption of electricity in the system
refrigeration for SLE hotels (Sochi), kWh/(m?- y e a r )

Lodging Type

The area per one lodger, m?/person

12-15 16-19 20-23 24-30
Standard 62 60 58 56
With a swimming pool, Spa 72 70 68 66

The basic level of specific consumption of electricity to drive

pump and ventilator sets Hotels (Sochi), kWh/(m?- y e a r )

The area per one lodger, m?/person

Lodging Type
S 12-15 16-19 20-23 24-30
Standard 18,2 16,4 14,6 12,8
With a swimming pool, Spa 20,0 18,0 16,0 14,0




Basic level of specific energy consumption
Hotels on the lighting system (Sochi), kWh/(m?- y e ar )

The area per one lodger, m?/person

Lodglng Type 12-15 16-19 20-23 24-30

Standard 80 78 76 74

With a swimming pool, Spa 82 80 78 76

Basic level reduced specific energy consumption
in hotels* (Sochi), kWh/(m?- y e ar )
The area per one lodger, m?/person
Number of floors

12-15 16-19 20-23 24-30

) 215 202 HC2 182

233 220 209 198

3 216 201 (o) 181

234 219 208 157

4 215 200 190 180

233 209 207 196

5.6 214 199 189 i 79

232 207 206 195

7.8 213 198 188 178

231 206 205 194

9-10 212 ilo/ 187 1%

230 205 204 193

210 495 185 /5

>10
228 203 202 N

* The numerator - the standard type of hotel; denominator - a hotel with a pool and ® O K
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PERFORMANCE OF THE INTERCONNECTION OF
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FORECAST OF DYNAMICS OF EMISSION

Emission CO3 [t CO2/MWh]
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Reduction of CO, emissions

tCO,/year

3000

2601
2700

2400 —

1983
2100 +—

1800 +———

1500 ——

1200 ———

S S

600 ——

402

155 217
- =

Ice Arena Hotel Office

300 ———

thermal energy M electrical energy




CONCLUSION

By thermal energy project large ice palace is estimated by energy efficiency class — «high».
Annual savings of thermal energy relative to baseline can be up to 8132 million kWh
(about 60%), electrical — 4011 million kWh (about 11%).

By thermal energy is measured at the hotel project efficiency class — «normal». Annual energy
savings relative to baseline can be up to 483 million kWh (10%), electrical — 813 million kWh (12%).

By thermal energy office building project is estimated by energy efficiency class «high». Annual
savings of thermal energy relative to baseline can be up to 253 million kWh (18%)
and electricity — (8%).

Reducing carbon dioxide emissions, sources of energy representative objects, according to the
design data is as follows:

- To a large ice palace — 4584.5 t CO,/year;
- For hotels — 556.3 t CO,/year;
- For an office complex — 297.4 t CO,/year.

Calculation of the reduction of CO, emissions based on an analysis of the structure and projections
of the combined production of electricity power system of the Energy System South.

Recommendations in this report will improve the energy efficiency of sports facilities and
infrastructure.



