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Abstract 
In this project we retrofit a standard residential home in New York to use a solar                

renewable energy system. The renewable energy system is designed to meet the power             
requirements for an average residential home in New York state. A fixed orientation solar panel               
array is designed and analysed to ensure it can perform most efficiently in places that exhibit                
highly variable weather patterns as seen in New York. The effect of temperature and solar               
insolation on array performance and the effect of shading on module performance is also              
analyzed. The solar array is connected to both the home and the grid so that the excess                 
electricity can be exported or imported from the grid in case of a deficit. It is ideal to maximize                   
the solar energy efficiency for both the coldest winter day and hottest summer day. We also fit                 
the house with louvers and overhangs such that most sunlight is allowed to enter the room in                 
the winter and least during the summer and calculate its dimensions. Other passive solar              
energy methods will also be explored to attain additional energy savings for standard residential              
homes. 
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Introduction 

1.1. Project background 
1.1.1. Solar Electricity 

Solar modules which are made up of photovoltaic cells (semiconductors) when           
connected make a solar array. Solar cells produce electricity due to the photovoltaic effect.              
Photovoltaic effect is when electric current or voltage is produced in a material because of               
exposure to light. A photon which has a high energy excise an electron in the photovoltaic                
material the electron then becomes free to move around when connected to a circuit generating               
current. In case of solar PV, the energy is provided by sunlight. The electrons when excited go                 
from valence band to conduction band. The energy required by the electron to move to               
conduction band is called band gap energy. When electrons move from the valence band to the                
conduction band, they leave holes behind them which are positively. For maximum current             
generation, it is crucial that these electrons do not recombine with the holes. To avoid               
recombination a P-N junction is created which creates an electric field in the semiconductor so               
that electrons flow in one direction. A P type semiconductor is created by adding an impurity                
(called dopant) with 3 valence electrons whereas, an N type semiconductor is created by adding               
an impurity with 5 valence electrons. The electrons from N side move to the p side creating a                  
depletion region and facilitating a unidirectional current. Other materials like cadmium telluride,            
gallium arsenide are also used in photovoltaic cells. The cells are either connected in series,               
parallel or both to form a module. Available solar insolation and temperature affect the cell               
performance. The modules are either connected in series, parallel or both depending on the              
current and voltage specifications to form an array. The array is connected to an inverter to                
convert DC to AC. The alternating current from the inverter is condition to match the               
specification of the grid so that the electricity can be sent to the grid of used to power as home.                    
The performance of the PV system can be measured using indicators like efficiency, capacity              
factor, fill factor.  

1.1.2. Passive Solar Energy 
Passive design is another strategy for potential energy savings within a residential            

setting. Architectural overhangs over windows, light shelves placed on or between windows,            
and the orientation of the windows with additional insulation, all can have an impact on artificial                
lighting loads and heating and cooling demands of the building. Depending on the angles of the                
sunlight throughout the year, and depending on the latitude of the project site, sunlight energy               
can be harnessed in a passive way by reflection and transmission into the structure. Reflecting               
or blocking summer sunlight out of the structure will reduce the cooling demand needed as well                
as offset lighting needs if reflected towards the ceiling. In winter, with the sunlight coming in at a                  
much lower angle, can let light into the room while still reflecting a portion for lighting uses. 
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A diagram of how a light shelf system works. 

*Image courtesy of the Whole Building Design Guide. 
 

2. Problem Definition 
For the analysis a standard residential home in New York is characterized to be              

retrofitted with a solar renewable energy system. The location selected for analysis is Albany,              
New York (42.6526° N, 73.7562° W). A residential home in rural area was found to be on                 
average 1,832 square foot and has an average electricity usage of 6500 kwh per year. The                1

solar array determined will be connected to the grid for to export excess power and import                
electricity if power demand is not met. 

 
          Assumptions 

1. Only Electricity used for power 
a. No natural gas or other heating uses 

2. Focused on overall energy use 
a. Heating/cooling 
b. Other applications 
c. Cost effectively insulating window 

3. Window size 34” x 46” 
4. Neglect weather effects (besides temperature) on solar insolation retrieval 
5. The 15th day characterizes the average conditions for the entire month 

 

1 “Household Energy Use in New York.” 2009 Residential Energy Consumption Survey. 
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The layout of the house was based on a house          
design from the 1940s. Research showed that       
the most homes in New York State were built         
prior to 1950. Building on personal      2

architectural history knowledge, many homes in      
the United States used a general “foursquare”       
plan, where the house is a square shape with         
the interior divided into four rooms. Since       
orientation is important to us, but with a        
hypothetical building and no actual parcel of       
land the team decided that the front of the         
house would be facing south for the purposes        
of calculations and the analysis. The roof of the         
house is a standard gable roof, with the slope         
being 6” / 12” or 26.57 degrees. The building         
code of New York does not call for any specific          
slopes when constructing a building so long as        
drainage is adequate. 3” / 12” or 14.04 degrees         
is considered a low slope and is used more in          
southern climates where snow and weather     
does not require the steeper roof. 

3. Design Analysis and Results 
3.1. Solar Energy Analysis 

3.1.1. Calculate solar insolation and annual energy 
Table 1: Fixed Orientation Solar Panel Equations for Solar Insolation 
Governing Equations - Fixed Orientation 

Extraterrestrial flux 
 

[W/m2] 

Direct solar insolation  [W/m2] 

Diffused solar insolation 
 

[W/m2] 

Reflective solar insolation 
 

[W/m2] 

Total solar insolation  [W/m2] 

2 “Household Energy Use in New York.” 2009 Residential Energy Consumption Survey. 
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The governing equations listed above were used to calculate the solar energy available at the               
PV site for a fixed axis solar panel. The solar time of sunrise and sunset was calculated for the                   
15th day of each month to determine the total amount of insolation available during sunlight               
hours. It is assumed the insolation of the 15th day of each month is representative of the                 
average conditions for the month. The tilt angle was selected to match the latitude of the                
location because the annual solar energy incident on the collector was maximum at that angle.               
Using this average we used the insolation found for the 15th day and summed it for the number                  
of days in its corresponding months to find the total monthly solar insolation. 
 

 
Figure 1: Monthly Solar Insolation 
 

Discussion 
Figure 1 shows the total monthly solar insolation. The sunnier months, spring and summer,              
receive more power from solar insolation in Albany, New York than in the colder months with                
less of sunlight, winter and fall. 

 
3.1.2. Select a solar panel 

A First Solar FS-4105A was selected as the panel for the PV system. The first solar panel uses                  
Cadmium Telluride (CdTe) thin film technology. CdTe technology is one of the fastest growing              
and second most common technology with a global market share of 5%. CdTe panels are low                
cost compared to conventional silicon based panels. They have reached a maximum efficiency             
of 22.1% under test conditions. They have a superior energy yield with 11.3% more peak power                
compared to conventional counterparts. Moreover it has one of the smallest lifecycle carbon             
footprint of about 12 g CO2 eq/kWh. The specifications of the module as provided by the                
manufacturer are as tabulated below. 
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Table 2:First Solar FS-4105A specifications from datasheet  3

Module Specs - FS 4105a 
# of cells per module 216 in series 
Open circuit voltage 88.2 [V] 
Voc (one cell) 0.408333333 [V] 
Short circuit current, Isc 1.58 [A] 
Limiting reverse current, Io 1.98787E-07 [A] 
Impp 1.49 [A] 
Vmpp 70.4 [V] 
Rs 0.026 [Ohm] 
Rp 16.85 [Ohm] 
Tk(P) -0.29 [%/0C] 
Tk(V) -0.28 [%/0C] 
NOCT 45 [0C] 

 
Figure 2 shows the the I-V curve for a single cell of the First Solar module and figure 3 for the                     
entire module (216 cells). 

 

Figure 2: Single cell I-V curve for FS-4105A Figure 3: Module I-V curve for FS-4105A 
 
Including the derate factors due to the variable temperature and the inverter efficiency the              
annual power per day was determined under these conditions. The temperature used for each              
month was the temperature averages determined for the albany area by the government             
weather service . Using the average amount of insolation per day and the amount of energy               4

required for our system the area of panels required was calculated for all the months using the                 
equation below,  

 

3 "Resource Library." Module Documents | First Solar . N.p., n.d. Web. 08 Dec. 2016.  
4  Service, National Weather. "Albany NY: Records, Extremes, Holidays & More." US Department of 
Commerce, NOAA, National Weather Service . NOAA's National Weather Service, n.d. Web. 08 Dec. 2016.  
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Out of all the months the number of panels required for the month with least solar insolation was                  
chosen to calculate the number of panels required. The panel area was maximum for the Month                
of December at 22 m2 because when the solar insolation is the least you need more solar panel                  
area to collect the power required. The area of the First Solar FS-405A module was 0.72 m2                 
therefore the number of panels required to satisfy the demand was 32. 
 

3.1.3. Determine the required module array  
For the solar array containing 32 panels each with a rated power of 105 W the total system                  
capacity was 3.36 kW. To to convert the direct current generated to alternating current, an               
inverter which can handle 3.36 kW power input had to be chosen. Hence, we choose a Solar                 
Edge SE3800A Single Phase inverter which could handle a maximum power input of 3.8 kW.               
The specifications of the inverter are as tabulated below,  
 
Table 3: Solar Edge SE3800a specifications from datasheet  5

Inverter specs - Solar Edge SE3800a 
Max input voltage 500 [V] 
Max input current 12.5 [A] 
Max input power 4759 [W] 
Max output power 3800 [W] 
Efficiency 97 [%] 
 
The inverter can handle a maximum voltage of up to 500V. In order to find the way the 32 solar                    
panels should be connected in series and in parallel, the following equation was used, 

 
Where, Vinverter is the maximum inverter input voltage and VMPP,Max is the voltage at MPP on the                  
coldest day given by the following equation, 

 
For the coldest day the maximum voltage was about 72.5 V. At that voltage, maximum number                
of panels that can be connected in series so that the total voltage does not exceed 500 volts is                   
6. However, as the system consists of 32 panels, 4 panels were connected in series so that 8                  
strings of 4 panels each could be connected in parallel to make an array of 32 panels. 
 

Table 4: Solar array design 
Solar Array 

Modules in Series 4 
Strings in Parallel 8 

Total Number of Modules 32 

5 "Single Phase Solar Inverters." Single Phase Solar Inverters | SolarEdge. N.p., n.d. Web. 08 Dec. 2016. 
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Figure 4: Array I-V curve for FS-4105A at STC Figure 5: Array power curve for FS-4105A at STC
 
Discussion 
Figure 4 displays the IV curve for the solar panel array determined above consisting of 32                
panels. As you add each string of modules in parallel the current increases. As you add each                 
module in series the max voltage the system can output increases. The array delivers a               
maximum power of 3.4 kW at a current of 11.8 A and voltage of 292.3 V. The power curve of the                     
array is as shown above in figure 5. The system is connected to both the home and grid. 
 

3.1.4. Consider effects of variable weather patterns 
The module performance specified by the manufacturer is the performance estimated at            
Standard Testing Conditions which are at the solar insolation of 1000W/m2 and temperature of              
250C. In the real world however, these conditions vary. The solar insolation and temperature              
changes every hour and with season. These varying conditions affect the module performance             
and therefore the array performance substantially.  
 
To take into account the variable effects of weather in the New York state region a derate factor                  
due to the temperature was calculated and incorporated into the overall derate factor. To take               
into account the variable effects of weather in the New York state region a derate factor due to                  
the temperature was calculated. A temperature derate factor was calculated for each month             
using the average temperature found using (put source here). The change in voltage with              
change in temperature was calculated for every month using the following equation, 
 

 
The amount of solar insolation affects the current generated by a module. To take into account                
the the effect of solar insolation, the average solar insolation for each month was calculated and                
was normalized to 1000 W/m2 the available solar insolation could be represented as a fraction               
of the STC insolation. The change in current with change in insolation was calculated using the                
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following equation,  

 
Where S is the fraction of solar insolation available with respect to STC. 
  
In the figures below the the combines I-V curves show the effect on both temperature and                
insolation on the performance of the array. The seasonal plots show the average performance              
for a particular season. 
 

  

Figure 6:  
Monthly I-V curve including seasonal effects Figure 7: Seasonal I-V curve  

 

Figure 8:  
Monthly power curve including seasonal effects Figure 9: Seasonal power curve 

 
Discussion 
Variation in temperature causes variation in the voltage which affects the power output of the               
array. As the temperature decreases the voltage increases. As a result of seasonal             
temperatures the voltage is higher in winter when it is colder and lower in summer when it is                  
warmer. The variation in solar insolation effect the current, the lesser the solar insolation the               
lesser the short circuit (Isc) generated by a module. This is why you can see the current is higher                   
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in the summer and lower in the winter. Considering these effect it is reasonable that the                
maximum power was found to be 30% higher in summer compared that in winter. 
 

3.1.5. Consider effects of shading 
Shading has a massive impact on the performance of a solar array. Even a s single cell shaded                  
can render an entire string in an array useless. But modules generally have shunt resistances or                
bypass diodes or both to minimise the effect of shading and keep the system working. The First                 
Solar module has a shunt resistance (Rp) of 16.85 ohms and a resistance in series (Rs) of 0.26                  
ohms . These resistances enable the module to generate electricity with diminished           6

performance instead if not generating it at all. To calculate the drop in performance when cells                
are shaded and the current is flowing through these resistances, the drop in current was               
calculated using the following equation, 

 
The diminished voltage was calculated using the following equation, 
 

 

Figure 10: 
Shading effects on module performance 

Figure 11:  
Shading effects on modules max power point 
(MPP) 

 
Discussion 
The following figures show the drop in performance of a module as the number of shaded cells                 
increases. As the cells are connected in series shading affects the voltage more than it affects                
the current. You can see this by the increasing slope in figure 10 as the number of shaded cells                   
increase. This is also represented in figure 11 as the MPP decreases with the increase of                
shaded area. 
  

6California Energy Commission Modules Database, System Advisor Model, NREL 
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3.1.6. Efficiencies 
One of the most important indicator of system performance is the amount of energy it generates                
and whether that energy is enough to satisfy the demand. An average home in NYS requires                
about 6500 kWh of energy every year. We assume that the monthly energy usage is same                
throughout the year and that all the energy generated by solar can be used to satisfy the                 
demand in some way (eg. storage or net metering) for simplicity of calculations. After designing               
the system, the power output at the point of use was calculated by factoring in derating due to                  
the resulting from the inverter and temperature effects for each month. The temperature derate              
factor was calculated using the following equation, 

 
The operating temperature of the cell Tcell was calculated using the following equation for each               
month 

  
The overall derate factor is the product of the temperature derate factor and the inverter               
efficiency. Other derate factors like module mismatch, wiring losses, and others were not             
considered. The overall derate factor was calculated using the following equation. 
 

 
The following figure shows the energy generated in each month at point of use, the demand,                
and the excess energy which will be exported to the grid.  

  

 
Figure 12: Monthly energy generation versus demand and energy exported to the grid 
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Other performance indicators for the overall system like the system efficiency, fill factor and              
capacity factor were also calculated.  
 
Overall System Efficiency: For system efficiency, the output energy was the energy delivered             
by the system for a year and the input energy was calculated by calculating the amount of solar                  
insolation incident on the array for a year.  
 
Capacity Factor: The capacity factor was calculated as the ratio of the total energy delivered in                
year and the energy that could be delivered if the system was to run as full capacity for that                   
year. 
 
Fill Factor: The fill factor was calculated as the ratio of the power delivered at MPP and the                  
product of open circuit voltage and the short circuit current. It is a measure of the squareness                 
of the I-V curve of the array. 
 

Table 5: Efficiency governing equations used for 32 solar panel array 
System 

Efficiency  

Eoutput=8716.3 kWh 
15.33% 

Einput=56846.4 kWh 

Capacity Factor 
Edelivered=8716.3 kWh 

29.61% 
Eratedpower= 29433.6kWh 

Fill Factor 
(Array)  

PMPP=3426.7 W 

77.44% Voc=352.8 V 

Isc=12.64 A 
 
Moreover the amount of greenhouse gas emissions is reduced by not using the grid electricity. 
By multiplying the greenhouse gas intensity of the Upstate NY grid by the total electricity 
generated by the output power of the designed renewable energy system the amount of 
greenhouse gas reduction can be determined. As the grid intensity is 497 lb of CO2/MWh  and 7

the total energy generated in 8716 kWh the total greenhouse gas emission reduction is 4331 lb 
of CO2. 
 

Discussion 
From figure 12 we can make the overall conclusion that the solar array produces the most 
energy during summer months and the least in the winter months. As a result more energy will 
be exported to the grid during summer months. The resulting capacity factor is low because 

7 How to use eGRID for Carbon Footprinting Electricity Purchases in Greenhouse Gas Emission Inventories, 
Environmental Protection Agency  
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solar insolation is only collected during hours of sunlight and in Albany NY there is less sunlight 
compared to the south. The fill factor is large which indicates that the I-V curve is square 
meaning that we don't lose current at higher voltages, this is good because we need high 
current for high voltages to get the max amount of power desired. 
 

3.2. Passive Solar Energy Analysis 
In order to properly design a passive solar system for this residential structure a number of                
things need to be considered. For the scope of this project, these factors are the orientation of                 
the building, the angles of the sunlight at different points throughout the year, and the materials                
used in the window assembly. 
  
Table 6: Seasonal sun angles determined for Albany, NY 

 
TIME OF YEAR 

ANGLE OF SUNLIGHT 
SOLAR NOON 

(SOUTH) 
09:00 ST 
(EAST) 

15:00 ST 
(WEST) 

SUMMER (June 15) 69.9 DEGREES 52.9 DEGREES 43.4 DEGREES 
SPRING AND FALL 
 (September 15 and March 15) 

45.9 DEGREES 40.4 DEGREES 24.6 DEGREES 

WINTER (December 15) 23.5 DEGREES 15.9 DEGREES 7.7 DEGREES 

 
The orientation of the building, as discussed prior, is south facing. The left and right sides of the                  
house are facing east and west respectively, with the rear of the house facing north. This was                 
an assumption made by the team in the early stages of the proposal. 
 
As stated, this house was hypothetically built before 1950. Many homes of this age were               
constructed with wood frame double hung windows that are single paned and operable. There              
are several standard dimensions for these types of windows, but here we have used 36” wide                
and 48” tall. This will be the assumed window assembly for the project and other suggestions to                 
increase energy efficiency moving forward. 
 

3.2.1. Techniques 
Daylighting will have the largest impact on electrical energy usage throughout the building.             
Since this is a retrofit project, the house orientation and footprint is set and cannot be altered or                  
redesigned. Additionally, as a retrofit project only, no windows will be removed, added or              
structurally altered. Therefore, daylighting strategies will be explored and suggested to improve            
the existing conditions of the home.  
 
Architectural overhangs will allow for a blocking of warm sunlight during the summer months              
and will allow the lower angled winter sunlight into the building during the winter season. The                
overhang is to prevent an overheating of the building from solar gain during the seasons with                
the most heat, and yet to allow solar gain in the colder months to offset the need for active                   
heating systems. 
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Light shelves are another option and are traditionally the best option to improve lighting within a                
structure. Typically, a light shelf has two windows, the first is a view window and is what the                  
occupant looks through to see the exterior and typically has less visibility to prevent solar heat                
gain. The second window is called the daylight window and has more visibility in order to better                 8

transmit the solar rays to the interior of the structure. A daylighting window usually starts at 7                 9

feet 6 inches above the finish floor. In the case of this building, this would mean adding another                  
window on the southern facade to accommodate additional daylighting. As this can be costly,              
adding a light shelf to the existing windows will partially obstruct some of the occupants view but                 
will also redirect light away from the occupant and up to the ceiling to be diffused further into the                   
structure. Light shelves can also build on the idea of the overhang and partially prevent or allow                 
sunlight from entering the building during certain seasons. 
 

3.2.2. Facade Studies 
Southern Facade: 
As can be seen in the above image, the varying          
angles of the sun result in various distances that the          
sunlight travels across the living room. Summer       
sunlight only projects about 1 ½ feet inside, while         
winter sunlight will travel approximately 12 ½ feet,        
almost reaching the middle support of the structure.        
Dimensions for the window and sill height are also         
shown for reference. 

8 “Daylighting” Whole Building Design Guide . 
9 “Daylighting” 
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Overhang South: 
Putting a 1’-7” overhang positioned above the       
window assembly will result in a complete blockage        
of summer time sunlight from entering the room        
through this window. This blocks any solar heat gain         
through the warmest months in the main living space         
of the house. Winter sunlight distance of penetration        
is only reduced by 8”. Therefore, this still allows for          
plenty of sunlight to enter the room when the exterior          
temperature is the coldest. This will help offset        
heating loads, which in turn, will lower electricity        
usage in the house. 

 

Light Shelf South: 
Taking the same facade and switching to a light shelf          
system would change how light enters and behaves        
in this room. With major structural adjustments being        
outside the scope of this project, a simple light shelf          
was proposed that can be attached in the middle of          
the window, ideally not resulting in any major        
structural or financial strain. In this scenario, all        
summertime sunlight would be blocked, with the       
spring/fall sunlight and winter sunlight staying the       
same, with a shadow of the shelf. This would result          
in a decrease in solar heat gain during the summer          
months and promote the solar heat gain as the         
weather begins to get colder. A benefit to this system          
is the offsetting of electrical demand by reflecting        
some of this sunlight up to the ceiling. By reducing          
the need for artificial lighting, the electrical       
consumption of the building can be decreased. 
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Western Facade: 
Daylight on the western side of the building        
drastically different from the southern facade due to        
the different orientation and solar altitude. The       
graphic shows a sun position at 15:00 solar time.         
When unmodified, the sunlight will travel across the        
whole room during the winter time. 12’ of the room          
will be directly lit during the equinoxes and 5’-7” will          
be lit in the summer time. This is a significant          
potential amount of unwanted heat in summer but        
necessary heat in winter. A system must be        
designed similar to facilitate the acceptance of winter        
sunlight and the rejection of summer light.       
Reflection for electrical offsetting will also be       
considered. 

 Light Shelf West: 
Employing the exact light shelf design as seen on         
the southern facade, the reflection of light can be         
seen projected across nearly the entire ceiling of the         
room. Some summertime sunlight still enters the       
room above the light shelf. Solar heat gain would be          
much less than the unmodified window as over half         
of the summertime sunlight is reflected. Electrical       
consumption for lighting purposes could be      
significantly reduced on clear days. 
 

 

East Facade: 
Finally, turning to the eastern facade, the varying        
angles on this side of the structure have similar         
behaviors to the western facade.Shown at 09:00       
Solar Time, the winter sunlight can travel completely        
across the room as it rises in the morning while the           
summertime sunlight can only extend just short of        
four feet. 
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Overhang East: 
With the sun rising and starting with an angle of 0           
degrees, it is impossible to block all of the sunlight.          
For the purposes of this study, we have determined         
that sunlight after 09:00 should be limited, as winter         
sunrise times are later in the day. By this model, one           
can see that summer sunlight will be completely        
blocked at this point if a combination       
overhang/louver system is developed. The overhang      
works similar to the one on southern facade yet has          
louvers that are fixed to 15.9 degrees. This will allow          
the maximum amount of sunlight in during the winter         
months, yet can also let in sunlight through the         
spring and autumnal equinox. Each louver is spaced        
2 inches apart to allow light to pass through. 
Light Shelf East: 
The light shelf here is the exact shelf developed for          
the southern facade. The same dimensions will allow        
for a blocking of a majority of summer sunlight, while          
providing the added benefit of reflecting light over        
halfway into the room. Although this option does not         
block all of the warm summertime sun, the increased         
electrical offset may be more beneficial than the        
unwanted solar gain. 

 
Discussion 
Considering the studies above, our recommendation to retrofit this residence would be a             
combination of the strategies above differentiated by room and occupancy. A disadvantage to             
the light shelf system is that since this is a retrofit project, the shelves themselves are proposed                 
at a lower height. This means that if a person is inside the structure at the right time of day,                    
reflected light can be in his or her eyes.  
 

With this considered, a light shelf can be used on all southern facade openings, as in general                 
the occupants will be seated in these rooms yet able to reap the benefits of the added                 
daylighting. It is also recommended that all openings on the eastern facade be light shelves.               
The dining room and two bedrooms have openings on this facade. In the morning, the dining                
room will be used less. Reflecting the light to the ceiling in the bedrooms can be used to                  
awaken the users while the reflection will still be out of their direct eyelines. 
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The western facade should be the combined overhang and louver system. The kitchen,             
bathroom, and stairway are located along this exterior wall. With the window placed directly              
above the sink, which requires a standing person to operate, any reflected light would be               
directly in the user's eyes. Additionally, the bathroom is generally used less during the evening               
and heating can be offset by hot water used in a shower or bath scenario. Minimizing the heat                  
gain from the sun would be beneficial. The stairway and landing area is mainly for circulation,                
and a light shelf in this area would certainly interfere with glare and visibility when coming down                 
the stairs and walking past the window opening. 

 

3.2.3. Other Recommendations 
3.2.3.1. Lighting Control Systems 

In addition to the combination of architectural sun shading devices, installing new lighting and              
electrical component controls can reduce the amount and duration that any fixture is on in the                
house. For instance, installing dimmer switches can help the occupant use the minimal amount              
of artificial lighting needed instead of using the lighting fixture at full strength all of the time.                 
Timers work the same way and can prevent components like built in fans from running during all                 
day if forgotten. A breakdown of the costs and benefits are shown below. 
 

Table 7: Dimmable Controls, timers, and daylighting 
Associated Costs Potential Savings 

$0.50 to $0.75 per square foot $0.05 to $0.20 per square foot annually  10

$943.5 - $1,415.25 to install  $94.35 - $337.4 annually 
 

3.2.3.2. Window Insulation and U-Factor 
Windows are a large factor in determining the heating requirements of a building. In general,               
the more insulated a window is, the better energy efficiency. Since this building was constructed               
before 1950, then the the windows would have originally been single glazed and the frame               
surrounding the window would have been wood. One of the most common residential windows              
is the double hung. The U-Factor for this type of window assembly is 0.88. The lower the                 11

U-factor, the better the material is at insulating. The higher the U-factor, the better the material is                 
at transferring and conducting heat. Changing all windows to a double glazed vinyl framed              
window would be an expensive option. Fortunately, a good storm window can substantially             
decrease the U-Factor and the transmitted heat through the assembly while also being much              
cheaper. This storm window provides an air layer and an additional glass layer over the original                
window. When coupled with Low E interior glass, this modification can bring the U-factor of the                
whole assembly down to 0.34. This is better than a double glazed wooden window, and much                
better than double glazed aluminum window. Vinyl windows were not studied in this report. An               12

additional study by the Lawrence Berkeley National Laboratory concluded that houses with            
storm windows reported an average 22% savings on energy. Those houses had, on average,              13

10 Ander, Gregg. 
11 Culp, Thomas D., Sarah H. Widder, and Katherine A. Cort. 
12 Culp, Thomas D. 
13 Drumheller, S. C., C. Kohler, and S. Minen. "Field Evaluation of Low-E Storm Windows." 
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a window area of 219.25 square feet. Our project house here has 192 square feet of window                 14

area indicating that our savings could be a little bit less than that reported in the study. A                  
disadvantage to adding storm windows is the drop in solar heat gain factor (SHGC) from 0.61 to                 
0.50, reducing the natural sunlight’s impact on the heat within the interior. A further              
recommendation would be a thermal shade installed on the interior side of the window to reduce                
the heat loss during the night hours when there is no solar gain. 
 

Table 8: Effect on U-Factor associated with window modification 

Window Assembly 

U-Factor 

Existing (Single Glazed) 
Proposed Modification 

(Storm Window) 
New 

(Double Glazed) 
Wood Double-Hung 0.88 0.34 0.25  15

Potential Cost - $60-220/window  16 $900-1000/window  17

Percent of original U-factor - 38% 28% 
 

3.2.3.3. Interior Painting 
High reflectivity paint can also add to the overall brightness of a room and reduce the demand                 
for artificial lighting. Most paint manufacturers, such as Sherwin-Williams, are now including            
reflectivity on the back of cans. Although not linked to any concrete numbers indicating how               
much this could offset electrical usage, it still a good recommendation. The general             
recommendations for surfaces are as follows. 

 

Table 9: Recommended light reflectivity for room lighting 
Location % Reflectivity 
Ceilings 80% 
Walls 50% 

Flooring 20% 
*Data from Gregg Ander, Whole Building Design Guide 

Conclusions 
3.3. Solar PV System 

● We need 32 panels to satisfy the household demand, 8 strings in parallel             
containing 4 panels in series. 

● Seasonal temperatures affect the voltage, the voltage is higher in winter           
when it is colder and lower in summer when it is warmer. 

● Monthly solar insolation effect the current, this is why you can see the             
current is higher in the summer and lower in the winter.  

● The maximum power was found to be 30% higher in summer compared            
to winter. 

● The system produces 8716 kwh of energy every year, 2216 kwh more            
than required by the average household. 

14 Drumheller, S. C. 
15 Pella 2016 Architectural Design Manual. 
16 "Savings Project: Install Exterior Storm Windows With Low-E Coating." Energy Saver. 
17 Pricing taken from local Pella project for vinyl clad low-e windows. 
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● Shading significantly impacts the performance of the module with up to           
13% drop in power for one cell shade to 91% for 108 cells. 

● The system runs at an overall efficiency of 15.33% with a capacity factor             
of 29.61% and an array fill factor of 77.44%. 

● Using the solar PV system contributes to a greenhouse gas emission           
reduction of 4331 lbs by not using the grid electricity. 

3.4. Passive Solar Energy  
● The following are the recommendations for a passive solar energy system           

for max efficiency and user comfort: 
○ Light shelves on south and east facades. 
○ Combined louver/overhang system on west facade. 
○ Dimmable controls. Timing components to certain electrical       

fixtures. 
○ Adding storm windows to existing windows. 
○ Repainting of rooms with reflective paint. 
○  
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