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ENVIRONMENT I : CLIMATE AND ENERGY

Krupa Patel (knpatel) 

MUKESH PARIKH RESIDENCE
305, S NEGLEY AVENUE,PITTSBURGH,PA



1.INTRODUCTION

The residence is located in Shadyside
neighborhood of Pittsburgh. It is a brick clad
structure with wooden cladding on last floor
and roof shingles. It consists of three floors,
an unvented attic and a heated basement. It
has living room, kitchen and dining, three
bedrooms and a big common room on the
third floor. It has two occupants during
weekdays and three during weekends.
It has an entrance on northwest direction
and the rear side of the house enjoys
adequate sun exposure.

Climate : Humid Subtropical Climate
Site area : 4427 sf

Location : Pittsburgh

Client name : Mukesh Parikh



2 . SITE ANALYSIS
• Pittsburgh lies in humid continental

climate zone. The hottest months are
from June to August while the winter is
harsh, from October to March.

• The wind is prevalent from South and
West direction almost throughout the
year. It is more intense from southwest
during peak of winter
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Design Priorities

• Increasing southern sun exposure in spaces that are used mostly during the day, as Pittsburgh
remains fairly cold throughout the year.

• Having wind barrier in west direction to avoid strong wind during cold winter while having a
provision for south west wind to prevail during summer.

• Compact designing to prevent heat loss during winter.
• Insulating the spaces wherever the infiltration rate seems to be high. Tightening of envelope

strategies should be applied.
• Identification of secondary spaces and their placement in less advantageous direction in order to

get climatic advantage for most used spaces.
• Operable windows to ensure air movement depending on respective seasonal conditions.
• Using trees as a natural asset in controlling sun shades and wind.
• Directing the flow of surface runoff in such a way that it does not affect the junctions of ground

with the building, which can result in mold growth, weakening of wall etc.



Site Plan



Existing Floor Plans



Drainage Analysis

• The direction of the contours is such that the surface runoff is towards the road, hence no water
clogging takes place on site.



Vegetation (Existing)



Summer Sun Shadow and wind analysis on site



Winter sun shadow and wind analysis on site



Sun penetrations in house (WINTER)

• Basement • First Floor



Sun penetrations in house (WINTER)

• Second Floor • Third Floor



Sun penetrations in house (SUMMER)

• Basement • First Floor



• Second Floor • Third Floor

Sun penetrations in house (SUMMER)



Environmental Programming Table 



Site Redesign – For Sun, Wind 



Perspective View



Solar Window

The Solar Window
depicts that the
location chosen for
the redesigned
space is
appropriate as it
does not get
shaded by the
surroundings.



3. HEAT LOSS CALCULATIONS

This section deals with heat losses that are
actually occurring due to existing envelope,
glazing, door type, basement and floors.

This, in turn gives the peak heat loss and the
annual heat loss. It is observed that maximum
heat loss occurs due to infiltration.



PLANS

All spaces rendered yellow are the heated spaces. 

First FloorSection 1



PLANS

Second Floor Third Floor

Note : The attic is unheated . 



SECTIONS

Section 1 Section 2



WALL DETAIL MATERIALS R VALUE
Outer Air Film 0.17

4” Face Brick 0.44

1” Air Gap 1

½ “ Ply 0.63

6” Fibreglass Insulation 22.20*

½ “ Dry Wall 0.32

Interior Air Film 0.68

TOTAL 25.44

MATERIALS R VALUE
Outer Air Film 0.17

Wooden Shingles 0.97

1” Air Gap 1

½ “ Ply 0.63

6” Fibreglass Insulation 22.20*

½ “ Dry Wall 0.32

Interior Air Film 0.68

TOTAL 25.97

W1

W2

U [Btu/h F sft] 0.039

U [Btu/h F sft] 0.039
* Value taken from Gerry Mattern’s notes



ROOF DETAIL

MATERIALS R VALUE
Outer Air Film 0.17

Shingles 0.87

Air Gap 1

½ “ Gypsum Board 0.44

Inner Air Film 0.68

Air Gap 1

½” Gypsum Board 0.68

6” Fibreglass Insulation 22.20

½” Gypsum Board 0.44

Inner Air Film 0.68

TOTAL 28.16

R1

U [Btu/h F sft] 0.035



BELOW GRADE DETAILS
Heat Loss of Below Grade Insulated Wall  
(2” insulation) , 7’ depth
Perimeter (ft) = 139 ‘

F factor = 0.035

Heat Loss of Below Grade Insulated Floor(3” 
insulation) , 5’ depth
Area (sq ft) = 940 sq ft

F factor = 0.45

W3

F1



HEAT LOSS



TRANSMISSION LOSSES



4.ENERGY CONSUMPTION CALCULATIONS

This section deals with the actual energy
consumed in the house due to heating,
cooling, domestic hot water, appliances
depending on their fuel type (gas or electric).
It also shows the cost calculations . These will
determine what retrofits are needed and in
what way can the costs be controlled.



Heating



Heating



Domestic Hot Water



Domestic Hot Water



Cooling



Lighting

As the clients are a middle aged couple, and both of them work , so 
according to them, they use light on an average 5-6 hours in a day, and 
that too, not all number of bulbs.

The clients changed all the bulbs last
year to LED.
Hence,
(60 bulbs) x 12 W x 150 hrs/ mo =
108000 Wh/ mo

Total Wh/mo / 1000 = 108 kWh
Electricity Cost = $0.10/kWh



Appliances



Appliances



Total Monthly Electric Use



Total Monthly Gas Use



Total Energy Consumption



Sample of Electric Bill



Sample of Electric Bill



5.RETROFIT RECOMMENDATIONS
This section deals with the suggested retrofit measures that can 
help in improvising the energy consumption as well as the cost 
savings due to their implementation.

These measures can be widely described as : 
• Reducing the infiltration losses
• Using Setback Thermostats
• Zoning the house
• Night Insulation on windows
• Replacing appliances
• Using surge strip to prevent vampire loads
• Use of low flow fixtures
• Also, the clients are requested to follow some sustainable 

practices like switching off appliances when not needed, 
Avoiding infiltration by tightly shutting down all the possible 
junctions from where air can enter, Avoid frequent opening 
of doors etc.



A. CAULKING

Product Name : Silicone ll 10.1-oz White Caulk
Rate : $5.92
Type : Silicone

Caulking should be done in order to resist the infiltration of air through cracks and minor air gaps-
junctions where there are cables going across the window, door jambs etc. Hence, caulking is done or 
sealing such gaps.

Cartridge Caulk Gun

Product Name : Dripless 10 oz Cradle Hex Rod Caulk 
Gun
Rate : $5.78

Installation Instructions:
• Surface should be dry,
• Caulking gun should be at an angle of 45° on the cracks,
• It should be continuously applied without stopping.

Cost Calculations:
Total Running Footage of windows and doors : 636 (approx.)
Total number of cartridges required
636 /55 = 1.5 ~ 12 nos.

Total Cost : ($5.92 x 12)
= $71

(1 Tube cartridge = Typical Coverage of 55ft)

It is used around :
windows, doors, siding, trim, moulding, baseboards, vents, 
around wires/pipes and other attic/ basement application



B. WEATHERSTRIPPING

Product Name : V- STRIP – durable
Rate : $3.97 per 17 ft
Dimension : 7/8 in. x 17 ft

Weatherstripping should be done in order to seal the air leaks around the 
openable  building components – doors and windows.

Installation Instructions:
• Surface should be dry,
• Apply snugly against both surfaces
• Weatherstrip the entire door jamb
• It should meet tightly at the corners
• For air sealing windows, apply weatherstripping between

the sash and the frame. The weatherstripping shouldn't
interfere with the operation of the window.

Total Running Footage of windows and doors : 636 (approx.)
Total number of cartridges required
636 /17 = 37.4 ~ 38 no. of strips

Total Cost : ($3.97 x 38)
= $150.86

Cost Calculations:



Reduction in infiltration losses due to caulking and weatherstripping
Product Name : Frost King E/O 1-3/4 in. x 36 in. Universal 
Drip Cap Door Bottom (Model # UDB36BR)
Rate : $7.77
Dimension : 1.75 wide x 1.5 ht

Cost Calculations :
Door Bottom = $7.77 x 7 =$54.39

Payback and Energy Saving
Including the caulking, weatherstripping and door bottoms,

Total cost = $71 + $150.86 + $54.39
= 276.25

Annual Energy Savings = 45 mmBtu
Annual Cost Saving = $247.5
Payback period = 1 year

The energy loss through constant movement of the door can be minimized by providing door
bottoms and smooth top thresholds. Also, when the doors are closed, there is very minimal
chance of air infiltration through tiniest of gaps.

Infiltration rate reduction : 30%
New infiltration rate : 857 Btu/h F



C. SET BACK THERMOSTAT

Product Name : NEST Learning Thermostat, 2nd Generation
Rate : $199
Features:
• Auto- Schedule
• Energy History
• Auto Tune
• System Match
• Auto Away

Payback and Energy Savings :

Current Heating Degree Days at 65F = 6105
New Heating Degree days at 55F =  3710 
Considering the setpoint at 65 F for 12 hours in a day and at 55F for other 12 
hours of the day,
Heat Load Without NEST : 29400 x 6105 = 179 mmBtu
Heat Load With NEST : 29400 x 3710 = 109 mmBtu

Hence,
Annual Energy Savings :35 mmBtu
Annual Cost Savings : [179  - (109/2) + (179/2)] = 35 mmBtu x $5.5 
= $ 192.5
Payback period: 199/192.5 x 12 ~ 1 year

Thermostat will have more than one settings according to the occupancy schedule of the residents. It helps to maintain the HVAC 
settings and has a significant impact on degree days.



D . HOUSE ZONING
The house should be zoned as there are only two occupants so most of the spaces are not used daily. Hence, the zoning should be done 
as extensively used spaces and  rarely used spaces.

The design temperature for normally conditioned space when the spaces are occupied for 12 hrs (65 F) and for another 12 hrs (55 F) is 
= (12 hrs  x 65 F + 12 HRS X 55 F) / 2 = 60 F
New HDD for 60 F = 4691
Design Temperature for unused spaces = 50 F
New HDD FOR 50 F = 2861
Total square footage of space used extensively throughout the day : 1909 sf (~40 % of total area)
Total square footage of unused space : 2518 sf 
Now,
HDD@60 X 40% X 29400 = 55 mmBtu
HDD@50 X 60% X 29400 =  50 mmBtu
Total Heat Loss = 105 mmBtu

Now HDD@65 X BLC = 179
Annual Energy Savings =  179-105 = 74 mmBtu`
Annual Cost Savings  = $ 407
Payback period: 1.2 months

Product Name : HONEYWELL RTH2510B 7 
DAY PROGRAMMED THERMOSTAT

Rate : $160



E .NIGHT INSULATION ON WINDOWS

R Value of existing double pane windows : 2
R Value of existing double pane windows with recommended cellular shades: 7 

Effective U value of the window = (U closed x 12hrs)+ (U open x 12)/24
= (0.11 X 12) + (0.2 X 12) / 24
= (1.32) + (2.4)/24
= 4.08/24
= 0.15

Previous annual Heat Loss = 176 mmBtu
New Heat Loss =  162 mmBtu
So. Reduction in heat loss is 14 mmBtu 
Annual Heating Energy Cost Saving = $61.60                            

Cost for 1 = $98
Total cost = 23 x $61.60 = $1417
Payback period: = 23 years

Product Name : Blindster Super VALUE Blackout Triple Cell Shade
Rate : $98
R-Value : 5
Width: 16“-72”
Height: 12“-84
Headrail dimensions: 1 7/8" (depth) x 1 3/4" (height)

These shades should be installed in order to mitigate the losses due to infiltration. 



F .REFRIGERATOR
Among all the appliances, highest electrical load is due to refrigerator. Hence, replacing it 
may have a large effect on electrical energy savings.

Product Name : Fisher & Paykel, RF201A
Rate : $2299
Features:
• Capacity : 20.2 cu ft
• Freezer Type : Bottom
• Energy Consumption : 448 kWh/year
• Annual Operating Cost : $47
• Energy Savings : 16 %

Annual appliance energy consumption = 192 kWh/mo x 0.10 x 12 = 
$230.40
Modified appliance energy consumption = 448 x 0.10 = $44.80
Savings = $185.60
Payback period: = 2299/185.60 = 12.4 years



G .SURGE STRIP
In order to get rid of the vampire loads, surge strip is a great intervention in order to prevent unnecessary expenditure.

Product Name:  APC P8GT 8 Outlets 120V Power-Saving Home/Office Surge Arrest with Phone Protection 
Rate : $22.95
Installation : Plug into wall outlet

• 8 outlets, 8 outlets- 3 always on, 1 master control, 4 switchable
• 6 feet power cord
• Peak Current Common Mode: 144 kAmps
• Phone/fax/modem line protection 

Annual Energy Saving :  253 kWh
Annual energy cost saving : 253 x 0.10 = $25.32 

Payback period : $22.95/ $25.32 = 9 months 

Appliances Watt 
(When switched off)

Hours not used per 
month

Total (Wh/ 
mo)

Total (kWh/ mo)

Television 24.35 650 15827.5 15

Computer 4.55 650 2957.5 3

Microwave 3.15 715 2249.1 2.2

Coffee Maker 1.35 712 961.2 0.9

(Other 4 
switchable)

-- -- -- --



H .LOW FLOW FIXTURES
Most part of the DHW is used in showering. Hence, efficient showerheads can contribute in saving energy.

Product Name : High Sierra 1.5 GPM High Efficiency Low Flow 
Shower Head, Polished Chrome
Rate : $35
No. of showers : 2
• Flow Rate : 1.5 gpm 
• Saves 40% or more and the energy to heat water
• Meets EPA criteria
• Dimension : 2.5 x 1 x 1 inches

Existing Water Heating Load (shower) = 1400 Gallons/year = 1.4 mmBtu/ month
Existing hot water cost for showering = 1.4 x 5.5 x 12 = $92.4
New DHW Load for showering in mmBtu =560 gallons x 0.001 mmbtu/gallon =0.56 mmBtu/ month
Total annual domestic hot water cost for showering after retrofit = $36.96

Annual Savings = $55.44
Payback Period = (2 x $35) / $55.4 = 1.2 years



ENERGY CHANGES AFTER RETROFITS



COMPARISON OF ENERGY SAVINGS
ENERGY CONSUMPTION IN % TRANSMISSION LOSSES IN %

ORIGINAL

AFTER RETROFIT

ORIGINAL

AFTER RETROFIT (Appliance load had to be minimized)



6.PASSIVE SOLAR STRATEGIES
Aim: To find out the total area of glass required to make up for the heat 
loss that is taking place on a typical January day

Suntempering:
Glass area calculation
[UAh + UgAg + Usw(Atw-Ag)] (ti-to) = IsAg

UAh  = 940 Btu/hr°F 
Ug =0.15 Btu/hrft2°F
Ag = x
Usw = 0.03 Btu/hrft2°F
Atw =1215 sq.ft.
Ti = 65 degrees F
To = 28 degrees F

Calculating the Is by adding the morning SE and the afternoon SW totals.
Solar Heat Gain Factor = 934 + 273 = 1207 Btu/hr.sqft

Sglobal = 740 Btu/sq.ft./day

Percentage = 254/1207 = 21.04%
Calculating Is = 21% of 740 X 0.55

= 85.63

[UAh + UgAg + Usw(Atw-Ag)] (ti-to) = IsAg

(940)  + (0.15 * Ag) + 0.03 (1215-Ag)] (65-28) = 85.63 Ag
Ag = 445 sqft



• The south-west façade is selected to add up a sunspace in
order to get a maximum advantage of the incident solar
radiation.

• The deck as a sitting space.The area on second floor, that
lies above the first floor bedroom is converted into a
semicovered balcony.

• This has openable glazed windows, which can be used for
solar storage in winter as well as for cross ventilation in
summer.

• A series of clerestorey windows is also added in the south
– east façade so as to ensure proper circulation of air,
when opened.

• Out of 445 sq ft of glazing, 80 % will be used for sun space
while 20 % will be used to add windows to the bedroom
on second floor.

• The sunspace allows the distribution of heat from kitchen
to living room, when all the internal openings are open.

• The solar deck above ensures heat gain on the second
floor as well, redirecting it to the bedroom soaces.

• The bedroom with added windows shall be more thermally
comfortable as the glass used has lower U value, hence it
gains heat but reflects the sunlight.

Winter Scenario



Operable blinds

Openable glazed 
doors

Openable glazing 
in balcony for 
cross ventilation

More 
windows 
should be 
added to 
the 
bedroom 
on second 
floor

Summer Scenario

• The sunspace on the deck has movable glazing, so  during summer, to avoid excessive heat gain, They can be opened in order to
ensure circulation of air.The clerestorey windows can be opened for that purpose as well. 

• The balcony on the floor above overlooks the deck and its openings also serve the same purpose.
• The wall on which the sunlight is incident directly, is colored dark, so as to increase the heat gain.It also heats the adjacent living 

spaces.
• The folding doors are added to kitchen area, so when they are opened, the heat can be distributed evenly all along the floor.
• The operable blinds are needed to avoid overheating in summer.
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