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Guiding Principles

Minimize Energy Intensity
Focus on reducing the energy consumption per floor area

Create Comfortable, Healthy Spaces
Improving access to daylight and outdoor thermal comfort

Improve Resource-efficiency
Decrease water consumption
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Methodologx

Completed several studies to determine the relationship between several variables and
EUl and average daylight autonomy.

Energy Supply Thermal Comfort Analyses

S AT R

WWR 1. Single cycle natural A Condugted initial
. . gas turbine evaluation of outdoor
Dimming thermal comfort

Building Height
Building Spacing
Internal Mass
Infiltration Rate

Cooling CoP

Combined Cycle Gas
Turbine with a
Secondary Steam
Turbine

Combined Cooling,
Heat, and Power Plant
with a natural gas
turbine

A Attempted to model
photovoltaic panels
and trees for use as
shading materials

A Lack of time allowed
full investigation

I I I I Massachusetts Institute of Technology

Slide 4



NEIGHBORHOOD DEVELOPMENT
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PROTOBLOCK GRID
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STREET GRID
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OFFICE SPACES
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WALKING PATHS
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RETAIL SPACES

I I I - Slide 11
I I Massachusetts Institute of Technology



O

FFICE + RETAIL STACK
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APARTMENT BLOCKS
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INDEPENDENT VILLAS
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RECLAIM GREEN
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SOLAR FARM
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PROPOSED NEIGHBORHOOD
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NEIGHBORHOOD DENSITY
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PROPOSED NEIGHBORHOOD
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INSIDE THE CANYONS
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INSIDE THE CANYONS
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. . Land area (m?)
Kuwalt Cl ty Building area (m?)
Residents (pp/m? land)
Workers (pp/m? land)

141 2,100 8,500 72 /4

KWh/m2y KWh/m?2 kgCO2/m? % DA % WS
OPERATION EMBODIED BUILDING GHG DAYLIGHT WALKABILITY
ENERGY ENERGY (50y) EMISSIONS (50y) AREA SCORE

P56 O 6

188,178
312,536
0.032
0.056

16

% ROI

FINANCIAL
RETURN (1y)

o

I I I .
I I Massachusetts Institute of Technology



Ener Usae Color Ma

Slide 23

I I I .
I I Massachusetts Institute of Technology



Energx ConsumEtion Details

ENERGY USE BY TYPE

11 MW Peak Demand

Peak Demand by Type
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Energy Supply Strategies

A
=

L.

! Single Cycle Combined Cycle Combined Cooling,
Ann ual Metrlcs Gas Turbine Plant GT + ST Plant Heat, and Power
NG Input Therms 5.3M 2.9M 3.0M
Fuel Cost $9.0M $4.9M $5.1M
CO2 Metric Tons 28.1k 15.3k 15.9k
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Natural Gas InEut Reguired

Combined Cycle and CCHP plantsd predicted e
standard, single cycle natural gas turbine plant.

Power Plant Natural Gas Input Required Annual Natural Gas Input
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72% Daxlight Autonomx

Primary drivers of high access to daylight were (1) large 80% WWRs and (2) use of short
residential villas

I I I - Slide 27
I I Massachusetts Institute of Technology



Next SteEs

1. Include financial analysis of power plant options
2. Determine feasibility of using a Rankine power cycle in Kuwait

3. Combine photovoltaic potential analysis with the previously shown
power plant models

4. Apply power plant models to larger areas
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APPENDIX
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URBAN RULE | PERFORMATIVE

DESIGN SIDE: Maximum EUI

OCCUPANT SIDE: pricing

A
175 kWh / sgq.m.

RETAIL
; 75 kWh / sg.m.
OFFICE
- 115 kWh / sq.m.
RESIDENTIAL

icons by: Dennis Nicolai Andersen, Ralf Schmitzer, chiccabubble

Building owners pay
4 fils (0.01 USD) per kWh
for all energy consumed
under the threshold

Building owners pay

60 fils (0.15 USD) per kWh
for all energy consumed
above the threshold
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URBAN RULE | PRESCRIPTIVE

MINIMUM DIMMING
COOLING CoP REQUIREMENTS

MAXIMUM
INFILTRATION

\

|2

continuous
RETAIL
< 6 continuous
OFFICE
: 6 continuous

RESIDENTIAL

icons by: Dennis Nicelai Andersen, Ralf Schmitzer, chiccabubble

0.08 ACH

0.03 ACH

0.03 ACH
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PARAMETRIC ANALYSES | cooling CoP

EUI as a Function of Cooling CoP

200
180
160
E
o
3
140
a
g
£ -—
§ 120 T—
- __1.__________
E T —
—
— &
100 1
80 g
B
R SR -+ x --- >
60
3 4 5 6 ! ’ ’
Cooling CoP

—@— Residential ~ ---#=---Office = —l— Retail

Slide 32

I I I .
I I Massachusetts Institute of Technology



PARAMETRIC ANALYSES | cooling CoP percent change in EUI

Residential
Cooling COP 3 4 5 6 7 8 9
EUI 125 115 109 105 102 100 98
% Change -8.0% -5.2%) -3.7% -2.9% -2.0% -2.0%
Office
Cooling COP 3 4 5 6 7 8 9
EUI 78 72 69 66 64 63 62
% Change -7.7% -4.2%| -4.3% -3.0% -1.6% -1.6%
Retail
Cooling COP 3 4 5 6 7 8 9
EUI 178 166 158 153 149 145
% Change -10.6% -6.7%| -4.8% -3.2% -2.6% -2.7%
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Financial Results

INPUTS REVENUE FROM RENT

CONSTRUCTION OPERATIONAL
COSTS EXPENSES

Annual Rent Rates

Daylighting (sDA) Premium

Adjust the annual The added premium to Annual Maintenance Costs
rent based on local rent rates based on Residential (assumes 20% of rent revenue) Residential [ Residential
market values. building sDA values {0} ‘ TR ‘ {0} | {0}

(Residential ($/m2/a) | o414}
| Office ($/m2/a) | 6830

0 $598,051,419

Office

{0}
0 $76,033,253

RESULTS

Cash Flow from Operations (CFO)

[Revenue -
(Maintenance +

Without Daylight Premium

{0y |
0 $30,878,659

Annual Energy Costs

w/o Daylight Premium

w/ Daylight Premium

0 $98,849,106

0 $165,904,344

Office

‘ Office

‘ {0}
0 $26,575,530

i {oy|

0 $36,959,509

Retail THEEE | Retail Retail
{o} | {o}|r {0} {oy|
0 $68,423,208 0 $6,589,750 0 $28,968,660 0 $39,915,724
TOTAL ‘ Natural Gas ‘ ‘ TOTAL TOTAL
{0} | {0}|T 1 {0} {0}
0 $742,507,880 0 $0,716 0 $154,393,296 0 $242,779,576

With Daylight Premium

Energy Costs)] ‘

TOTAL |

[ TOTAL

Also known as the #
Net Operating

0 $116,924,171

{0} |

io $205,310,451

{0}

Tnocome (NOT)

Most developers ||
would aim to build

Without Daylight Premium

CFO/Construction Cost (i.e. investment yield)

With Daylight Premium

new to a ratio [

CFO/Construction Cost

‘ CFO/Construction Cost ‘

(i.e. yield) of
about 10%.

ﬁo 15.75%

{0}

ﬁo 27.65%

{o} |

T O
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Embodied Energx Falsecolor
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