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Climate Change

Tourism: Pillar of the Dominican Economy

Cooling Energy Consumption

Green Energy and Sustainability Investment




Comparative Research

On-Site Experience and Documentation

Design and Cooling Energy Performance

Main Research Question:

Can the cooling energy demand of coastal hotels under tropical

climate conditions be reduced by 50% by applying sustainable facade
renovation strategies?
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High Solar Radiation

High Humidity

Virtual Absence of Seasons

10 most vulnerable countries to Climate Change
Risks: Earthquakes — Hurricanes — Flooding

Coastal Cities: Puerto Plata
Samana

Punta Cana
La Romana

Santo Domingo




Coastal Hotels in the Dominican Republic

Construction Materials

Facade Typologies

Predominant categories:

Structure: Frame Systems

Material: Concrete

Light-weight Structure: Wood

Exterior Finishing: Concrete Mortar

Opening Type: Single Glazing
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Glazing
Shading
Window-to-Wall ratio (WWR)

Ventilated Facades

Thermal Insulation




0SB 0.0127 1552 0.13 1.84e7-2.03e7 0.84-0.93 1.34-1.48

Glulam 0.10 1200 0.38 1.92e" -2.12¢’ 0.805 - 0.888 1.34-1.48
BioFoam 0.05 480 0.034 8.86e° - 1.01e’ 2.55-3.48 100
Cork 0.10 1200 0.042 3.81e° - 4.20¢’ 0.192-0.211 100
Hemp 0.05 1600 0.056 1.00e° - 1.20e° 0.37-0.41 0.1
Steel 0.175 480 50 7.71e°-8.51e° 0.606 — 0.668 95

Bamboo 0.10 1008 0.18 1.43e" - 1.58¢" 0.0019 - 0.0021 13-15

Rockpanel 0.008 920 0.37 9.27E+07 1.43-2.10 100
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Coastal Hotel Selection Criteria:

Recently Renovated (2017)
Common Concrete-Frame Structure

Common Concrete-Block Facade

Building Guest Block 16 Selection Criteria:

Proximity to the beach (climate challenges)

Least shaded (exterior vegetation)

Highest Energy Consumption (at full capacity)
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Cooling Energy Demand Q, ..., Amount of people x internal heat production

Split-Unit Inverter Technology

Q = qSunxA . xg-value

window

Unit Sizes: 3.5/5.3/ 7.0 (kWh)

Hotel Cooling Set-point temperature: 77 °C Q.. =(p, xc, xnxV, )x(T -T)

User Cooling Set-point temperature: 18°C

Stationary and Dynamic Simulations W= Qi Qg

Thermal Transmittances

H= (A xU B XU N (P xe xnxV.)

window window wall wall

M = floor area x thickness x P x C + Pair X Cair X Vair

material material

-H/M
T =T  +W/H(1-e "My
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Price of the m’ selected Sandwich Panel (in Euros per Kg)
. Thickness Weight* Price Total cost
Material (m) (Kg) (€ per Kg) {perim’ panel) Layer Position

0SB 0.0127 8.3 € 094 | S 7.76 Interior
Cork (comercial size B) 0.10 24 € 6.62 S 158.88 Insulation
Bamboo 0.10 9.3 € 150 | S 13.92 Structure

Rockpanel 0.008 8.4 € 12.20 | S 102.48 Exterior

Total 0.12 49.9 ) 283.04

* Weight is based on a 1m” model panel
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Level 4

Room 43
Room 44
Room 45
Room 46
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Junior Suite

Deluxe Suite

Single Room

Double Deluxe Suite
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Pent-House Living Room

Pent-House Top Room
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Activity of Guest Block 16

Floor Areas and Volumes
Ocuppied Floor Area (m?) 1403.1
Ocuppied Volume (m?) 31433
Occupancy
Occupancy Density (people/mz) 0.05
Schedule On 24/7
Metabolic
Activity Bedroom (other, cell, etc)
Factor (men= 1.0, women= 0.85, 0.90
children=0.75)
Environmental Control
Cooling Setpoint Temperatures
Cooling (°C) 18
Cooling setback (°C) 22
Humidity Control
RH Humidification Setpoint (%) 20
RH Dehumidification Setpoint (%) 80
Minimum Fresh Air
Fresh air (I/s-person) 10.0




Category Type Thickness {cm) U-Value
Exterior Walls Heavyweight concrete block plastered 20 U=214
Interior Walls Light-weight concrete block plastered 15 U=192

Ceilings Concrete slab 15 U=041
Floors Passive floor, no insulation, tile or vinyl 3 U=2095
Slabs Concrete Slab 15 U=0.41

Exterior Roof Waterproof Covering, Polyurethane, 20 U=053

Screed, Concrete and Plaster




Windows

Glazing Type

Dimensions (m)

Thickness {cm)

U-Value [W/(m’K)]

Sliding Window Balcony A (Single Glazing)
Sliding Window Balcony B (Single Glazing)
Sliding Window Balcony C (Single Glazing)
Sliding Window Room A (Single Glazing)
Sliding Window Room B (Single Glazing)

Sliding Window Room C (Single Glazing)

2.10x1.80

2.10x2.16

2.10x 3.00

0.70x0.70

1.00x 1.80

1.00x 2.00

0.127

0.127

0.127

0.127

0.127

0.127

U =556

U =556

U =556

U =556

U =556

U =556

Doors

Door Type

Dimensions (m)

Thickness (cm)

U-Value [W/(m’K)]

Solid Core Oak

0.90x2.13

U=261




'AC Template
Template Split + Mechanical Ventilation
Mechanical Ventilation
Outside air definition method Minimum fresh air (Sum per person + per area)
Operation On 24/7
Cooling
Cooling System Individual Inverter Split Units
Fuel Electricity from grid
Minimum supply air temperature (°C) 18
Cooling limit type By capacity

Schedule On 24/7




Cooling Energy Consumption of Guest Block 16 in the Month of August, 2013

Facades with Mayor Exposure o Cooling Load per Area . _ it it
Room size (m) Room Type HVAC Capacity (Spiit Unit} R i zone Air Sensible Cooling Energy (KWh) Py [ EESs e
Level 1
Room 1 274 Junior Suite 18000 BTU/hr (5.27 KWh) [T 5499 201 80% 18%C 2%
Room 2 295 Junior Suite 18000 BTU/hr (5.27 KWh) N 4032 137 80% 18°% 2%
Room 3 294 Junior Suite 18000 BTU/hr (5.27 KWh}) N 499.7 17.0 80% 18°c 22°%
Room & 57.8 Junior Suite 18000 BTU/hr (5.27 KWh) NE 7059 122 80% 18°% 2%
Room 5 17.7 Single Room 12000 BTU/hr (3.51 KWh) NW 506.4 286 80% 18% 22%
Room 6 17.2 Single Room 12000 BTU/hr {3.51 KWh} E a33s 252 80% 18°c 2%
Room 7 385 Living Room 28000 BTU/br (7.03 Kwh) sw 799.2 208 80% 18°% 2%
Room 8 38.3 Living Room 28000 BTU/hr (7.03 Kwh) E 831 217 80% 18°C 2%
Room 9 150 Single Room 12000 BTU/hr (3.51 KWh) SE 558.8 373 B0% 18% 2°%
Room 10 16.3 Single Room 12000 BTU/hr (3.51 KWh) H 4207 258 80% 18°C 22°%
Room 11 274 Junior Suite 18000 BTU/hr (5.27 KWh) sw 665.9 243 80% 18°% 2%
Room 12 294 Junior Suite 18000 BTU/hr {5.27 KWh) s 4736 161 80% 18°C 22°%
Room 13 204 Junior Suite 18000 BTU/hr (5.27 KWh) s a7s 162 80% 18°% 2%
Room 14 278 Junior Suite 18000 BTU/hr (5.27 KWh) SE 6918 252 80% 18°C 2%
Level 2
Room 15 Junior Suite 18000 BTU/hr (5.27 KWh) [ 905.7 331 80% 18° 2%
Room 16 Junior Suite 18000 BTU/hr (5.27 KWh) N 737 250 80% 18% 2°%
Room 17 Junior Suite 18000 BTU/hr (5.27 KWh) N 3775 1238 80% 18% 2%
Room 18 Junior Suite 18000 BTU/hr (5.27 KWh) NE %028 329 80% 18% 2°%
Room 19 Single Room 12000 BTU/hr {3.51 KWh) NW 5555 314 80% 18°c 2°%
Room 20 single Room 12000 BTU/hr (3.51 KWh) E a7a9 276 80% 18°c 2°%
Room 21 Living Room 24000 BTU/hr {7.03 KWh) sw 953.4 248 80% 18% 22°%
Room 22 Living Room 23000 BTU/hr (7.03 Kwh) E 1010.4 264 80% 18°c 22°%
Room 23 i 51 KWh) SE 658 439 80% 18°% 2%
Room 24 single Room 12000 BTU/hr {3.51 KWh) H 506 310 80% 18°C 22°%
Room 25 Junior Suite 18000 BTU/hr (5.27 KWh) sw 735 268 80% 18°c 22°%
Room 26 Junior Suite 18000 BTU/hr (5.27 KWh) s 541 184 80% 18% 22%
Room 27 Junior Suite 18000 BTU/hr (5.27 KWh}) s 3365 121 80% 18°% 2%
Room 28 Junior Suite 18000 BTU/hr (5.27 KWh) SE 8335 304 80% 18°C 22°%
Level3
Room 29 274 Deluxe Suite 18000 BTU/hr {5.27 KWh} NW 4316 15.8 80% 18°c 2°%
Room 30 295 Pent- House Living Room 18000 BTU/hr (5.27 KWh) N 3983 135 80% 18° 2%
Room 31 295 Pent- House Living Room 18000 BTU/hr (5.27 KWh) N 4026 136 80% 18°% 22°%
Room 32 274 Deluxe Suite 18000 BTU/hr {5.27 KWh) NE 4891 16.4 80% 18°C 2%
Room 33 17.7 single Room 12000 BTU/hr (3.51 KWh) Nw 6108 345 80% 18°%C 2%
Room 34 17.2 Single Room 12000 BTU/hr (3.51 KWh) E 540.2 314 80% 18°% 22%
Room 35 385 Deluxe Double Suite 24000 BTU/hr (7.03 KWh) W 5785 150 80% 18°% 22°%
Room 36 383 Living Room 23000 BTU/hr (7.03 Kwh) E 1053.7 275 80% 18°c 2%
Room 37 163 Single Room 12000 BTU/hr (3.51 KWh) SE 528.4 32.4 0% 18°C 22°C
Room 38 15.0 i 51 KWh) s 245 B80% 18° 22°%
Room 39 27.4 Deluxe Suite 18000 BTU/hr (5.27 KWh) W 7812 285 80% 18°C 22%
Room 40 294 Pent- House First Room 18000 BTU/hr (5.27 KWh) s 5945 202 80% 18°% 2°
Room 41 294 Pent- House First Room 18000 BTU/hr (5.27 KWh) s 6193 211 80% 18°c 2%
Room 42 278 Deluxe Suite 18000 BTU/hr (5.27 KWh) SE 8324 30.4 80% 18°c 22°%
Level4
Room 43 374 Pent- House Top Room 18000 BTU/hr (5.27 KWh) 11895 318 80% 2%
Room 44 374 pent- House Top Room 18000 BTU/hr (5.27 KWh) 1256.9 336 80% 2%
Room 45 36.1 Pent- House Top Room 18000 BTU/hr (5.27 KWh) 11324 314 80% 2%
Room 46 36.1 Pent- House Top Room 18000 BTU/hr (5.27 KWh) 1068 206 80% 22°%
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T, considering only the window:

T, =T, +W/H(1-e "My

r T =31+867.2/22.95 (1@ 2298/4,768,200x 39,800,
T, =31+867.2/22.96 (1- g 0192

|

Thethermaltransmittance (Q"ansmission) difference betweenthe surface areas

of the walls and the window are obtained from the following calculations:

T, =31+867.2/22.96 (0.17) A) For the window:

T =31+6.42
Tin =37.4°C Qtransmission (Awindowx Uwindow) X (Tout Tin)
O*transmissionz (200 X 548) X (31 OC - 18 OC)
T =36.9°C
: cltransmission= 1425 W
[N || vry

B) For the walls:
C)‘transmission= (Awallx Uwall) X (Tout - Tin)
3 TR (18.30x 2.14) x (31 °C-18°C)
,/'\\ Qtransmission= 509'1 W

C) Difference:

Qpransmiston™ WAl Qriiion = WHRAOW Qi
Q... emiscion= 209:-1W-142.5W

Q, . .icion= 366.6 W

19




Cooling Energy Consumption of Guest Block 16 after Sustainable Facade Renovation Strategies in the Month of August, 2019

Zone Air Zone Air
Facades with Mayor | Sensible Cooling | New Cooling
HVAC Capacity (Split Unit) Exposure to Solar Cooling After Load per Area Savings (%)
Radiation Energy Strategy (Kwh/m?)
(KWh) (KWh)

PHASE 1: APPLICATION OF INDIVIDUAL PASSIVE DESIGN STRATEGIES

Improvement from single glazed to more efficient double glazed windows

Room 9 Single Room 12000 BTU/hr (3.51 KWh) 558.8 373
Room 23 Single Room 12000 BTU/hr (3.51 KWh) SE 658 43.9
Room 38 Single Room 12000 BTU/hr (3.51 KWh) S 667.2 44.5

Addition of exterior shading on the windows

Room 9 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 558.8 37:3 434.8
Room 23 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 658 43.9 512.7

Room 38 15.0 Single Room 12000 BTU/hr (3.51 KWh) S 667.2 44.5 535.6

Reduction of the Window-to-Wall ratio % (WWR)
Room 9 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 558.8 373 452.4 30.2 19.0
Room 23 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 658 439 588.0 39.2 10.6
Room 38 15.0 Single Room 12000 BTU/hr (3.51 KWh) S 667.2 44.5 614.2 40.9 7.9
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Cooling Energy Consumption of Guest Block 16 after Sustainable Fagade Renovation Strategies in the Month of August, 2019

Zone Air : Zone Air
Cooling -
Facades with Mayor | Sensible Load per Cooling | New Cooling
Room Size (m?) HVAC Capacity (Split Unit) Exposure to Solar Cooling Are: After Load per Area Savings (%)
Radiation Energy Kwh/, 5. | Strategy (Kwh /mz)
wh) | ®Wh/m) | ewn)
PHASE 2: APPLICATION OF EXTERNAL SHADING TO OPAQUE SURFACES

Application of shading overhangs of 0.5 m long
Room 9 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 558.8 37.3 384.9 25.7 31.1
Room 23 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 658 43.9 457.6 30.5 30.5
Room 38 15.0 Single Room 12000 BTU/hr (3.51 KWh) S 667.2 44.5 473.8 31.6 29.0

Application of shading overhangs of 1.0 m long
Room 9 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 558.8 37.3 384.7 25.6 31.2
Room 23 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 658 43.9 455.3 30.4 30.8
Room 38 15.0 Single Room 12000 BTU/hr (3.51 KWh) S 667.2 44.5 472.4 31.5 29.2

Application of shading overhangs of 1.5 m long
Room 9 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 558.8 37.3 374.9 25.0 32.9
Room 23 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 658 43.9 4399 29.3 33.1
Room 38 15.0 Single Room 12000 BTU/hr (3.51 KWh) S 667.2 44.5 458.6 30.6 31.3

Application of shading overhangs of 2.0 m long
Room 9 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 558.8 373 372.1 24.8 334
Room 23 150 Single Room 12000 BTU/hr (3.51 KWh) SE 658 43.9 446.5 29.8 32.1
Room 38 15.0 Single Room 12000 BTU/hr (3.51 KWh) S 667.2 445 462.3 30.8 30.7
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PHASE 3: REPLACEMENT OF EXISTING EXTERIOR WALLS WITH SELECTED SUSTAINABLE SANDWICH PANEL WALL

HVAC Capacity (Split Unit)

Facades with Mayor
Exposure to Solar
Radiation

Zone Air
Sensible
Cooling

Energy
(KWh)

Cooling
Load per
Area

(Kwh/m?)

Cooling Energy Consumption of Guest Block 16 after Sustainable Fagade Renovation Strategies in the Month of August, 2019

Zone Air
Cooling
After
Strategy
(KWh)

New Cooling
Load per Area

(Kwh/m?)

Savings (%)

Replacement of existing exterior cement block-concrete plaster wall with previously evaluated Sandwich Panel Wall (SPW) assembled with Sustainable Materials

Room 9 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 558.8 37.3 211.9 14.1 62.1
Room 23 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 658 439 262.4 17.5 60.1
Room 38 15.0 Single Room 12000 BTU/hr (3.51 KWh) S 667.2 44.5 273.3 18.2 59.0
Addition of external Sustainable Wall Layers to existing exterior cement block-concrete plaster walls
Room 9 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 558.8 37.3 192.9 12.9 65.5
Room 23 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 658 43.9 236.9 15.8 64.0
Room 38 15.0 Single Room 12000 BTU/hr (3.51 KWh) S 667.2 44.5 240.2 16.0 64.0
Addition of Ventilated external Sustainable Wall Layers with Insulation to existing exterior cement block-concrete plaster walls
Room 9 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 558.8 37.3 176.7 11.8 68.4
Room 23 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 658 43.9 215.5 14.4 67.2
Room 38 15.0 Single Room 12000 BTU/hr (3.51 KWh) S 667.2 44.5 214.4 14.3 67.9
Replacement of existing exterior cement block-concrete plaster wall with previously evaluated Sandwich Panel Wall (SPW) assembled with Sustainable Materials
Room 9 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 558.8 37.3 211.9 14.1 62.1
Room 23 15.0 Single Room 12000 BTU/hr (3.51 KWh) SE 658 439 262.4 17.5 60.1
Room 38 15.0 Single Room 12000 BTU/hr (3.51 KWh) S 667.2 44.5 273.3 18.2 59.0
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Phase 1

Phase 2

Phase 3

p

Price (EUR

Double Glazing m?2 190
Window Shading m2 118.2
Window —to-Wall Ratio Reduction to 50% m2 144.9
Opaque Surface Shading (0.5m) m1 88.3
Opaque Surface Shading (1.0m) m1 148.1
Opaque Surface Shading (1.5m) m1 223.9
Opaque Surface Shading (2.0m) m1 299.5
Replacement of Existing Wall with SFWP m2 212
Addition of Sustainable Wall Layers (SWL) m?2 201
Addition of Ventilated SWL m2 201
Addition of Ventilated SWL without insulation m2 121
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Cooling Energy Demand (in Kwh)
Room 38

18°C

Phase 1

Strategies 19°C 20°C

Double Glazing

Savings Percentage 8% 8% 25%
Shading 533 477 422 368 314
Savings Percentage 20% 28% 37% 45% 53%
WWR 50% 614 557 500 443 388
[ |Savings Percentage 8% 16% 25% 34% 42%
Phase 2

put interventions

| |Overhang 0.5m 474 419 366 313 261
Savings Percentage 29% 37% 45% 53% 61%
Overhang 1.0m 472 418 365 312 260

Savings Percentage 29% 37% 45% 53% 61%
Overhang 1.5m 459 405 351 299 247
Savings Percentage 31% 39% 47% 55% 63%
Overhang 2.0m 462 408 355 302 250

Savings Percentage

365 302
470 408
481 419
439 376
30% 40%

Replacement of Walls with SFWP *

Savings Percentage 59% 61% 64% 66% 68%

Addition of SWL** 240 226 212 198 184

Savings Percentage 64% 66% 68% 70% 72%

lnlss ol

Addition of Ventilated SWL with
insulation

220 202 190 178 166

Savings Percentage 68% 70% 72% 73% 75%

Addition of Ventilated SWL
without insulation

o . o
e | am | asic | 3ie | s 10% Savings increase per 1 °C

Savings Percentage 60% 62% 65% 68% 70%

*Sustainable Facade Wall Panel
**Sustainable Wall Layers

31



»

Achieving cooling energy savings higher than 50% is possible only using
passive design strategies and sustainable materials on renovations

Renovation of exterior opaque surfaces have a higher

impact on the cooling energy demand than transparent
surfaces in these conditions

The strategy of shading both opaque and transparent
surfaces provide the best cooling energy savings
previous to Phase 3 (Intervention on Wall)

Is possible to save up to 10% in cooling energy per
degree Celsius above an operating temperature of 18 °C

The best cost-effective strategy to reduce cooling energy

is the addition of ventilated sustainable fagade layers
without insulation



The expectations about the results were exceeded

Perhaps using parametric design could've been another alternative to this
research

The collection of local data in the Dominican Republic was
difficult. Tourism sector is very private with their data

The application of ventilated facades on Tropical
Climate are interesting to develop further

Renovation of exterior opaque surfaces have a higher
impact on the cooling energy demand than transparent
surfaces in these conditions

Quality in wall construction should be improved in the

Dominican Republic

Combined Adjusted Cooling Set-point Temperature with
Sustainable Renovation Strategies

Combined renovation strategy according to investor's
budget
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Further evaluation on the other Guest Buildings

Other cooling energy lower-impact areas of Coastal Hotels could be
evaluated (Lobby — Offices — Restaurants)

Other materials could be tested in the calculations and other type of
wall panels assembly can be evaluated

Evaluation on operation of other models of AC can be calculated

Intervention on roof design

Venturing of local businesses in harvesting, manufacturing and

installation of sustainable materials
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