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1 Introduction and Report Overview 
 
Most past studies projecting the cost of fuel cell systems (FCS) have focused on the 
materials and manufacturing cost of the fuel cell stack and supporting balance of plant. 
This is understandable as fuel cell systems represent still evolving new technology and 
possessing a corresponding uncertainty in capital cost. Installation cost, i.e. the cost to 
site and connect the fuel cell system to its power load, has received relatively little 
attention. However, anecdotal stories and some past studies find that installation costs 
may be a large fraction if not even more than the cost of the fuel cell system itself. This 
analysis seeks to identify the cost elements that go into installation cost and identify the 
factors that may be manipulated to minimize the costs. 
 
The installation cost analysis builds on past work by the authors2,3 analyzing three fuel 
cell technologies (low temperature Proton Exchange Membrane (LTPEM), high 
temperature Proton Exchange Membrane (HTPEM), and solid oxide fuel cells (SOFC)) 
at system power levels from 1kW to 100kW. The fuel cell systems envisioned are 
Combined Heat and Power (CHP) units, meaning that fuel cell waste heat is captured 
and used for building heating. Installation of CHP FCS is an extra layer of installation 
complication as a hot exhaust gas connection to the building must be made in addition 
to the electrical connection. To simplify this impact, a sub-set of CHP system is solely 
considered: CHP FCS wherein waste heat is supplied to heat hot water.4   
 
Because the FCS electrical power range is 1-100kW, installation analysis is conducted 
with primarily residential and small office building applications in mind: residential 
townhouses single family homes, or groupings of homes for the 1-25kW power level 
and apartment building and small offices for 100kW. However, the analysis does not 
assess the building application in detail. Thus the results should be considered as 
applicable to a range of building types. 
 
The analysis applies a Design for Manufacturing and Assembly (DFMA®) cost 
estimation methodology. This approach is typically applied to hardware devices or 
systems, rather than installation or electrical connection projects. However, the DFMA® 
methodology is process-based and thus its core approach of assessing cost by 
modeling the materials consumed and labor times of each activity, is equally 
appropriate to evaluation of FCS installation cost. 
 
Past examination of installation cost have indicated a wide range of potential costs. This 
analysis likewise finds high variability. To better quantify the cost impacts, a scenario 

                                            
2
 James, B.D., Spisak, A.B., Colella, W.G., “Manufacturing Cost Analysis of Stationary Fuel Cell 

Systems,” Strategic Analysis Inc., under sub-contract to the National Renewable Energy Laboratory, 7 
September 2012. 
3
 Colella, W.G., James, B.D., “Assessing Electrical Sub-system Configurations and Installation Costs for 

Stationary Fuel Cell Systems,” Strategic Analysis Inc., under sub-contract to the National Renewable 
Energy Laboratory, 9 September 2013. 
4
 The other main CHP thermal linkage to the building is to use FCS waste heat to heat hot air for the 

building. However, this is more complicated as it requires more intrusive intra-building ducting that does a 
hot water system. 
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based approach is applied. “Easy” and “Difficult” scenarios are envisioned with “Easy” 
marked by new-construction/easy-access and “Difficult” by renovations/less-access. 
Furthermore, each category is subdivided into Low, Mid, and High to represent a range 
of parameters values. Thus a representative range of variable values is assigned to 
each parameter e.g. a wiring run might be between 1-5 meters for an “Easy” 
configuration or between 5-15m for a “Difficult” configuration. In this manner, a range of 
installation costs may be assessed for each power level and Easy/Difficult scenario. 
 
Additionally, Monte Carlo analysis is applied to determine the mostly likely installation 
costs for set of possibilities. The low/mid/high analysis returns installation cost for the 
case when all parameters are simultaneously low, medium, or high. Such an alignment 
of parameter values is unlikely. The Monte Carlo analysis allows determination of what 
is most probable.  
 
Installation cost summaries appear in Section 3 of the report. Detailed results and full 
tabular listings of the analysis assumptions appear in Appendix A. 
 
Recommendations to reduce installation cost appear in Section 4. 
 
 

2 Re-examination of Installation Cost based on a Ground-Up Design 
for Manufacturing and Assembly (DFMA®) Methodology 

 

2.1 DFMA® Methodology for Installation Cost 
 
While past SA installation cost analysis5 used the approach of gathering installation cost 
data directly from industry, a more fundamental process-based approach of cost 
estimation is applied in this report. Specifically, a Design for Manufacturing and 
Assembly DFMA® style approach is applied wherein each step of the installation 
process is assessed based on its material consumption, equipment usage, labor time, 
and activity duration. 
 
2.1.1 Description of Cost Estimation Methodology 

DFMA® is a registered trademark of Boothroyd-Dewhurst Inc. and is a process-based 
cost methodology used by hundreds of companies worldwide. SA employs a DFMA®-
style approach to the estimate of fuel cell system installation costs wherein each step of 
the installation process is separately identified and it cost tabulated. Since many 
installation options are available for fuel cell system installation, a scenario-based 
approach is followed where multiple installation scenarios are simultaneous evaluated 
to capture trends and relative cost differences. Specifically, FCS installation scenarios 
for both new construction and home renovations are explicitly modeled. Since the cost 
basis of individual assumptions going into the cost estimates (e.g. labor rates, 

                                            
5
 Colella, W.G., James, B.D., “Assessing Electrical Sub-system Configurations and Installation Costs for 

Stationary Fuel Cell Systems,” Strategic Analysis Inc., under sub-contract to the National Renewable 
Energy Laboratory, 9 September 2013. 
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distances, trenching rates) often vary widely, each main scenario is further subdivided 
into three sub-scenarios, each representing a low, medium, and high value to each 
costing parameter. This, in essence, yields an “error-bar” on each installation cost 
estimate, and quantitatively illustrates the potential range of costs for each scenario. 
Furthermore, FCSs cover a wide range of output power levels (<1kW to >1MW). Thus, 
to further explore installation cost trends, four FCS power levels are modeled for each 
scenario: 1kW, 5kW, 25kW, and 100kW. Overall, 24 installation cost estimates are 
made, covering 2 scenarios (new construction, renovations), 3 levels of parameter 
estimates (low, medium, and high), and 4 power levels (1, 5, 25, and 100kW). 
 
To narrow the breadth of analysis options (already quite wide as discussed above), the 
installation analysis is conducted from the vantage point of an FCS: 

¶ based on solid oxide fuel cell (SOFC) technology,  

¶ running on pipeline natural gas,  

¶ producing AC power, 

¶ connected to the electrical grid, and 

¶ containing a combined heat and power (CHP) capability where excess heat and 
energy is supplied to the building hot water heater. 

 
These FCS assumptions are vital to define as they significantly impact installation cost. 
Additionally, their specification allows the reader to qualitatively (and potentially 
quantitatively) assess how the installation costs of alternate FCS would be affected. 
 
Figure 1 lists each of the cost subcategories and the specific cost elements used to 
estimate subcategory cost. Subcategories are generally kept consistent with those used 
within the previous Installation Report although some differences exist. 
 
Note that the electrical inverter (needed to convert fuel cell direct current (DC) to 
alternating current (AC) is not included in the installation cost as it is in some 
tabulations. Rather, inverter cost is included in the fuel cell capital cost. 
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/ŀǘŜƎƻǊȅ 5ŜǎŎǊƛǇǘƛƻƴ /ƻǎǘ 9ƭŜƳŜƴǘǎ ϧ tŀǊŀƳŜǘŜǊǎ 
ǳǎŜŘ ƛƴ Ŏƻǎǘ ōǳƛƭŘ-ǳǇ 

Engineering & 
Design 

• Design drawings for permit 
approval and to instruct 
installers 

• Labor rate 
• Labor hours 

Permits & 
Inspections 

• County/City electrical & 
building permits/inspections 

• Permit cost 
• Inspection cost 

Indoor Site 
Preparation 

• Clearing space for inside 
FC installation 

• Removing old appliances 
• Pouring cement base (if 

needed) 
• Drain installation (if needed) 

• Labor rate 
• Dimensions of installation area 
• Labor hours to clear area 
• Minimum time (for concrete jobs) 
• Materials (concrete, gravel) 

Base Electrical 
Work 

• All elec. component 
hardware 

• All outdoor & indoor 
electrical work including: 
laying electrical lines, wiring 
connections, installation of 
circuit boxes 

• Trenching costs associated 
with electrical work 

• Labor rates 
• Electrical equipment/Materials purchase 

price (panels, switches, junction boxes, 
etc.) 

• Rough electrical wiring 
• Wire $/m 
• Wire length 
• Running time per meter 

• Component placement/installation 
• Labor time to install each electrical 

component 
• Other installation materials 

• Trenching 
• Meters per hour to dig trench 

• Backfill (of dirt into trench) 
• Time per meter to backfill trench 

• Compaction (of dirt in trench) 
• Time per meter to compact backfill 

Auxiliary 
Electrical 
Systems 

• Cost of any extra electrical 
systems (e.g. water heater, 
load bank, etc.) 

• Hot water heater (not base price, just 
adder for FC use) 

• Hot water recirculation pump 

Base 
Mechanical 
Work 

• Water, natural gas, exhaust 
line connections to the FCS 
including connections in 
between FCS subsystems 

• Repair of walls/ceilings due 
to line access 

• Labor rates 
• Misc. labor 

• # of laborers 
• Labor hours 

• Drywall repairs 
• Drywall prep./cleanup time 
• Meters/area of repair 
• Repair hours per meter 
• Material cost per meter 

• Drywall painting 
• Painting prep./cleanup time 
• Meters/area of painting 
• Painting area per meter 
• Painting time per area 
• Paint cost per area 

• Water plumbing 
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• Plumbing prep./cleanup time 
• Piping distance 
• Piping time per meter 
• Piping cost per meter 

• NG piping 
• Piping prep./cleanup time 
• Type of pipe 
• Piping distance 
• Piping time per meter 
• Piping cost per meter 

Outdoor Site 
Preparation 

• Clearing space for outside 
FC installation 

• Pouring cement base 
• Drain installation 
• Bollard/fence installation 

• Labor rates 
• Dimensions of installation are 
• Labor hours to clear/prep. area 
• Minimum time (for concrete jobs) 
• Concrete work ($/m3 of concrete poured)  
• Misc. crew labor (non-concrete work) 
• Equipment rental cost per hour 
• Bollards 

• Spacing of bollards (# required) 
• Cost per bollard 
• Installation time per bollard 

• Fencing 
• Type of fence 
• Fence cost per meter 
• Installation time per meter 
• Equipment rental per meter 

Equipment 
Delivery, 
Placement, & 
Commissioning 
Test 

• Placement & connection of 
major equipment (FC, water 
heater) 

• Delivery of FCS equipment 
from factory to business site 

• Service truck cost 
• Test of installed FCS to 

ensure full & safe operation 
 

• Labor rates 
• Equip. Placement & Connection 

• Water line connection labor time 
• NG line connection labor time 
• Material costs per connection 
• Fence cost per meter 

• Equipment delivery (factory to business) 
• Distance 
• Mass of load 
• Shipping cost ($/mile/lb) 

• Service truck cost 
• Service truck cost per day 
• Days of job 

• Commissioning test 
• Number of workers 
• Time of test 

Installation 
Management 
Markup 

• Overhead, profit, and cost 
contingency on entire project 

• Markup rate (OH and profit) 
• Cost contingency 

Figure 1. Summary description of cost elements within each cost subcategory 
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2.1.2 Main Source of Installation Data 

As clear from Figure 1, numerous empirical parameters are used to estimate the cost of 
each installation activity. To avoid the “Garbage In, Garbage Out” paradigm, it is vital to 
obtain realistic values for each. Fortunately, a series of handbooks by the Craftsman 
Book Company6 painstakingly collects and documents data for hundreds of construction 
and home improvement activities. These empirical books are directly analogous to the 
Chilton automotive repair guides7 which enumerate the average labor hours to conduct 
many auto repair/part-replacements activities. While the Chilton books tailor the labor 
hour estimates to specific cars, the Craftsman books include category differentiations 
such as different painting times based on application method (brush, roller, spray), type 
of surface painted, first or second coat, type of paint, and painting speed (slow, medium, 
fast). Labor costs are tabulated by class of worker (electrician, plumber, heavy 
construction, etc.) and residential vs. commercial. Labor rate data averages are 
provided for each state, and for each county within each state, thereby allowing regional 
differences as well as low/high ranges to be assessed. While only a low/mid/high rate 
methodology is applied in the current work, data exists to estimate the installation cost 
in specific states.  
 
Figure 2 contains the names of the Craftsman books most heavily consulted for this 
project. Details of the values selected for each scenario are more fully described below 
and in Appendix A. 
 

Craftsman Volume 

2014 National Construction Estimator 

2014 National Painting Estimator 

2014 National Electrical Estimator 

2014 National Renovation & Insurance Repair Estimator 

Figure 2. Key reference for installation cost parameters 
 

2.2 Definition of the Basic Scenarios and their Differentiating Key Parameters 
 
Two basic FCS installation scenarios are analyzed within this report: Easy/New-
Construction and Difficult/Home-Renovation. 
 
The titles of each scenario are fairly self-explanatory. The Easy/New-Construction 
scenario refers to installations in new homes where the wall and floors are only 
roughed-in thereby granting easy access for workers to run electrical and plumbing 
lines. Furthermore, parameter values are generally selected with an optimistic viewpoint 
of how the installation might go under favorable circumstances. The Difficult/Renovation 
scenario refers to FCS installations in existing buildings where furnishings must be 
moved and walls/ceiling drywall cut/patched/painted if disturbed during installation. 
Activities typically take longer due to the presence of obstacles, the need to be neater, 

                                            
6
 The Craftsman Book Company carries a line of print and electronic cost estimating guides. 

http://craftsman-book.com 
7
 Chilton Labor Guides, http://chilton.cengage.com/home/pro 
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and work with live wires (or a preference to minimize time spent with the power off). 
Generally, parameters are selected with a pessimistic viewpoint of the installation 
process. Figure 3 summarizes the main factors differentiating the two scenarios. 
 
Each scenario is further broken down into low, medium, and high sub-categories to 
show a range of parameter values within the general scenario. Thus the Easy scenario 
still shows a range of parameter values, including a sub-category that has high costs of 
components, and adverse painting, trenching, and wire running times. Likewise, the 
Difficult scenario has a low parameter sub-category with low/optimistic parameter 
values. While this may seem to needless blur the cost estimates, the analysis is 
conducted this way to more fully address the diversity of installation situations that may 
realistically be encountered.  
 
Four power levels are analyzed for each scenario. Figure 4 summarizes the main 
factors differentiating the systems at each power level. While it is possible to have either 
an indoor or outdoor installation at each of the four power levels, it is judged most likely 
that the large systems (25kW and 100kW) would be located outside (for safety and 
practical reasons given their relatively large size), and that the small systems (1kW and 
5kW) would be located indoors (since an indoor mounting is generally less expensive). 
 
 

 New Construction  
Scenario 

Renovation  
Scenario 

Speed of running electrical, 
water, NG lines 

Faster Slower 

Work-site preparation & 
clean-up times 

Faster Slower 

Drywall Repair Not needed Needed and possibly 
quite significant 

Painting (of drywall repairs) Not needed Needed and possibly 
quite significant 

Figure 3. Key factors differentiating the New Construction and Renovation 
Scenarios 

 
 

 1kW and 5kW Systems 25kW and 100kW Systems 

Installation location Indoor Outdoor 

Mounting On floor or wall (indoors) On concrete pad 

Wires type/size 10AWG (1kW) (15 amps) 
8AWG (5kW) (24 amps) 

3/0 Building (25kW) (165 amps) 
500MCM (100kW) (320 amps) 

Distances Compact placement of units,  
short wire/pipe run lengths 

Less-compact placement of units,  
med./long wire/pipe run lengths 

Figure 4. Key factors differentiated by FCS power level 
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Note that a roof mounting for the larger systems is not explicitly modeled. Such a 
configuration would most likely have the advantage of not requiring a concrete pad and 
could potentially be close to the building electrical and HVAC/hot-water infrastructure. 
However these advantages must be offset against potential structural work to take the 
weight of the fuel cell. For large systems, the weight may be a significant issue.  
 
Further description of each of the scenario appears in Figure 5. 
 

1kW Easy 

¶ Townhouse 

¶ New construction 
 

¶ Fuel Cell, Electrical panel, Hot Water 
Heater, and Drain all close together in 
basement 

1kW Difficult 

¶ Townhouse 

¶ Renovation, drywall/painting repairs 
needed 

¶ FC , Hot Water Heater, Drain next to 
each other. 

¶ Electrical panel in different room 

5kW Easy 

¶ Townhouse/Single-Family-Home 

¶ New construction 
 

¶ Fuel Cell, Electrical panel, Hot Water 
Heater, and Drain all close together in 
basement 

5kW Difficult 

¶ Townhouse/Single-Family-Home 

¶ Renovation, drywall/painting repairs 
needed 

¶ FC, Hot Water Heater, Drain next to 
each other. 

¶ Electrical panel in different room. 

25kW Easy 

¶ Group-of-Homes/Business/Building 

¶ New construction 
 

¶ Fuel Cell outdoors on concrete pad 

¶ Fuel Cell, Electrical panel, Hot Water 
Heater, all outside, relatively close to 
each other. 

25kW Difficult 

¶ Group-of-Homes/Business/Building 

¶ Renovation, drywall/painting repairs 
needed 

¶ Fuel Cell outdoors on concrete pad 

¶ Fuel Cell, Electrical panel, Hot Water 
Heater, all outside, moderately 
spaced. 

¶ Electrical, water, NG lines trenched. 
Ground hard, trenching slow. 

100kW Easy 

¶ Group-of-Homes/Business/Building 

¶ New construction 
 

¶ Fuel Cell outdoors on concrete pad 

¶ Fuel Cell, Electrical panel, Hot Water 
Heater, all outside, relatively close to 
each other. 

¶ Electrical, water, NG lines trenched. 

100kW Difficult 

¶ Group-of-Homes/Business/Building 

¶ Renovation, drywall/painting repairs 
needed 

¶ Fuel Cell outdoors on concrete pad. 

¶ Fuel Cell, Electrical panel, Hot Water 
Heater, all outside, spaced apart. 

¶ Electrical, water, NG lines trenched. 
Ground hard, trenching slow. 

Figure 5. Scenario Descriptions 
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2.3 Monte Carlo Statistical Analysis 
 
Given the extremely wide range of input values used in this study with low, middle, and 
high prices for each input category, combined with the various power levels analyzed 
and the two installation difficulties examined, the range of possible costs for any 
installation can range from several thousand dollars to hundreds of thousands of dollars 
(See section 29). In order to predict a likely range of values for the installation costs, as 
opposed to merely all possibly ranges, a Monte Carlo analysis was developed. Each of 
the low, middle, and high input values (624 in total) were re-categorized as the bottom 
5%, most likely, and top 5% of a triangle distribution. Output parameters were defined 
as the total installation cost of each power level and difficulty studied. The Monte Carlo 
analysis, performed with @Risk software, varies the value of each of the input values 
according to its respective (triangular) probability distribution to determine the probability 
distribution of the total system installation cost. For this analysis, 150,000 iterations of 
the Monte Carlo analysis were run to produce smooth and stabilized distributions of 
system installation cost.  
 

2.4 Basic Fuel Cell System Layout 
 
The basic layout of the fuel cell system is shown in Figure 6 and is applicable to all 
scenarios considered. All basic hardware components are contained in each system 
layout, but the physical size, power rating, and distance between components, differ 
among the scenarios. 

 
 

Figure 6. Fuel cell system layout schematic 
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While this basic layout forms the basis for all cost scenarios, other electrical 
configurations are certainly possible, and may even be preferred. Industry expert Tom 
Brown8 suggests several alternatives: 

1) a low cost configuration employing only one circuit box and no auto-transfer 
switch (best applied when fuel cell power meets or exceeds the maximum load),  

2) an “island mode” with an ATS to isolate the system, one circuit box, and the use 
of shunt trip breakers for isolation of large shedable loads (to be tripped when 
load exceed supply capability), 

3) integration with additional (emergency) electrical gensets, and 
4) use with a combination (absorption) chilled and heating water package unit 

(instead of just a hot water package). 

2.5 DFMA® Installation Cost Assumptions and Results 
 
Further description of each cost category is provided below. Due to the large number of 
numerical assumptions contained in the analysis, this section seeks to provide further 
description of each cost category and the rationale and basis for key costing 
assumptions. However, full details of the particular numerical values for each variable 
and scenario are enumerated in Appendix A. 
 
2.5.1 Labor Rates 

Fully loaded labor rates (i.e. including work direct labor, fringe benefits, and employer 
tax/FICA payments) are based on data from the Craftsman books. Rates are selected 
for worker specialty, differentiating between residential and commercial jobs. The 
medium rate is generally set at the US average, the low at the lowest county average 
69% of the US average), and the highest at the highest county average (178% of the 
US average). 
 
Appendix B lists the labor rates used within the analysis. Each general category has a 
low, middle, and high value. “Res.” represents workers on residential construction 
projects. “Comm.” represents workers on commercial construction projects. Typically, 
workers on residential projects have lower wages than those on commercial projects. 
 
Brief validation of the rates is achieved by comparing an Alexandria VA electrical 
contractor billing rate of $95/hour (mix of high-end residential and commercial work) 
with the Craftsman data rates (Residential: ~$27-$70/hour, Commercial: ~$40-
$104/hour). The contractor quoted rate is thus near the high end of the Craftsman 
commercial rates, but within bounds. 
 
Note that a “Jack-of-All-Trades” classification is included in Appendix B. This category 
does not appear in the Craftsman books but represents a postulated composite rate for 
the FCS installer who (most likely) must possess electrical, plumbing, and carpentry 
skills and licensing certifications. This is directly analogous to heating/ventilation/air-
conditioning (HVAC) contractors who install furnaces: they also require a combination of 

                                            
8
 President/CEO of TPB Solutions Inc. and Executive Director Physical Plant Management Emeritus, 

California State University, Northridge. 
________________________________________ 
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skills and licensures. However given the higher voltage and complexity of fuel cell 
systems, the FCS installer can be expected to require additional training and thus 
command a higher labor rate. Alternately, multiple specialists can be brought in to each 
complete a narrow aspect of the installation. This is most appropriate on large jobs 
(100kW) with multiple workers; however, for the smaller installations (1, 5, and 25kW), a 
Jack-of-All-Trades approach is considered both more appropriate and more likely. 
 
2.5.2 Distances 

Distances between the system components are shown in Figure 7 and are used in 
computation of the wiring and trenching costs. All distances are shown in meters. 
Distances appear as a range to cover the spread between Easy and Difficult 
installations of each power level. Further distance specification appears in Appendix A. 
 

 
Figure 7. Electrical wire and piping distances assumed in the installation 

scenarios. All distances in meters. 
  

L1 Remote to FC 0.25 to 2 0.25 to 2 1 to 25 10 to 50

L2
FC to Hot Water 

Heater
0.25 to 2 0.25 to 2 1 to 3 2 to 5

L3
FC to Sm Junc. 

Box 1
1 to 15 1 to 15 4 to 20 4 to 25

L4
Sm Junc. Box 1 

to ATS
0.25 to 0.25 0.25 to 0.25 0.5 to 1 0.5 to 1

L5
ATS to Sm Junc. 

Box 2
0.25 to 0.25 0.25 to 0.25 0.5 to 1 0.5 to 1

L6

Sm Junc Box 1 

to Critical Load 

Panel

0.25 to 0.25 0.25 to 0.25 0.5 to 1 0.5 to 1

L7

Sm Junc Box 2 

to Critical Load 

Panel

0.25 to 0.25 0.25 to 0.25 0.5 to 1 0.5 to 1

L8
Water Utility to 

FC
0.5 to 3 0.5 to 3 2 to 15 3 to 30

L9
Water Utility to 

Water Heater
0.25 to 2 0.25 to 2 1 to 3 2 to 5

L10
Water Heater to 

Drain
1 to 4 1 to 4 2 to 10 3 to 30

L11 NG Utility to FC 0.25 to 2 0.25 to 2 1 to 3 2 to 5

L12
FC Exhaust to 

Water Heater
0.25 to 2 0.25 to 2 1 to 3 2 to 5

Total Length (m) 4.75 to 33 4.75 to 33 15 to 86 30 to 159

Trenching Length (L2 + L11)0 to 0 0 to 0 2 to 6 4 to 10

1kW System 5kW System 25kW System 100kW System 
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2.5.3 Engineering and Design 

Engineering and design costs include non-recurring engineering costs associated with 
the specific installation of the FCS into a particular site. While past engineering 
drawings may be used as a starting point, some design customization for each site is 
needed. Cost is estimated as labor hours times labor rate. The labor rate range is 
meant to capture both differences in cost of the living (and pay scales) between locales 
and also levels of experience (junior vs. senior draftsman/architect). The low end of 
labor hours would correspond to straight forward installations requiring very little 
customized work and/or engineering design that can be done once and applied to 
numerous jobs (such as identical installations in a new construction community of 10-
50+ new homes). Conversely, the high end of labor hours would correspond to difficult 
installations requiring custom analysis, such as renovation installations with long 
wire/piping runs, concrete work, drainage issues, interference with load-bear walls, 
movement of walls, reinforced flooring due to FCS weight, etc. 
 
2.5.4 Permits and Inspections 

Construction permit(s) and inspection fees are highly variable and are largely influenced 
by: 

¶ region i.e. permitting authority 

¶ site placement / ownership i.e. commercial / private; public / Investor Owned 
Utility; public / private school; hospital; etc. 

¶ construction and operating scope. 
 
The current high cost of permitting and inspection is (partially) explained by a few 
examples9: 

¶ A fuel cell plant that was being installed for (and ultimately owned by) a 
commercial / private business could fall under local building safety permitting and 
inspection authorities. These local entities can require additional construction- 
related permitting and approvals from other agencies (like the U.S. Department 
of Transportation (DOT) for trucking routes, etc.). Then there are often overlying 
permitting and compliance from agencies with certain delegated authority over 
the local building and safety for aspects that they regulate. For example, 
department of state architects (DSAs), regional water districts, and regional air 
quality agencies may need to be involved. 

¶ For example, a fuel cell system installed at a university might require upfront 
DSA approvals, DSA certified inspections, and final DSA permitting. Additional 
approvals by local environmental or other agencies may also be required. 

¶ As another example, a fuel cell system installed near a hospital might require 
DSA approvals, local agency approvals, and also state health planning and 
development approvals (such as by the California Office of Statewide Health 
Planning and Development (OSHPD)). 

¶ As a third example, a fuel cell system installed near an airport may require U.S. 
Federal Aviation Administration (FAA) approvals. This approval process may 
require an independent analysis by the FAA, which could take several weeks. 

                                            
9
 Tom Brown, Executive Director Physical Plant Management Emeritus, California State University, 

Northridge, as referenced in Colella 2013.  
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¶ As a forth example, a fuel cell system installed near a coast line may require 
state coastal agency approvals. 

¶ These approval processes can be labor time intensive, costly, and politically-
challenging.  

¶ Total permits and inspections fees are typically10 3-8% of total project cost, 
based primarily on large (200+kWe) fuel cell system projects. 

 
However, the following points would tend to indicate a low/lower permitting and 
inspection costs: 

¶ Statutes in California have exempted fuel cell installations from air permitting 
fees11 ( for residential and commercial applications). 

¶ Many FCS installations will be residential, low power systems, generally not in 
the “special” categories listed above that drive up permitting fees (schools, 
airports, shore-line, etc.) 

¶ Bureaucratic expenses and permits are generally high/higher during the initial 
introduction of a new technology but the permitting process can be expected to 
be streamlined once the technology becomes familiar to the public and 
local/state authorities. Thus a high cost of permitting/inspection may be how 
things are now, but a low/lower cost future is possible/likely. 

 
Permitting fees vary among the installation scenarios examined but are numerically 
guided by three anchor points: 

¶ Best case: Zero permitting costs as is currently the case in California. This is 
most applicable to the 1 and 5kW installations under the Easy scenario. 

¶ Middle case: $289 based on a summation of potential electrical installations 
fees12 for Ann Arundel County MD (mostly applicable for 1 and 5kW FCS). $2218 
based on CA AQMD Schedule B fees for generators13 (mostly applicable to 
25kW+ systems).  

¶ Worst case:  8% of project capital cost (most applicable to the 100kW system). 
Since project cost is the sum of the FCS plus installation, to simplify the permit 
fee computation, project cost is estimated at $3,000/kW. Thus the permit fee for 
a 100kW installation would be 8% of 100kW X $3,000/kW X 8%= $24,000. 

Inspection fees are set by individual jurisdictions and often don’t correlate with actual 
inspection cost. For the scenarios examined, inspection fees are set between zero and 
$500 per project, based on the author’s engineering judgment. 
 
2.5.5 Indoor Site Preparation 

Indoor site prep includes most of the inside the building work associated with preparing 
the site for installation, foundation work, and drain installation. It does not include 
running plumbing and electrical lines or repairing the walls (e.g. drywall repair) after 
installation.  

                                            
10

 Ibid. 
11

 Under SCAQMD Rule 219, air permitting would not be required for the size and configuration of fuel 
cell systems considered in this report. 
12

 http://www.aacounty.org/IP/PAC/PermitFees.cfm 
13

 While CA exempts FCS installations, the CA fee structure for generators is used a surrogate for 
permitting fee that other jurisdictions might impose. 
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If the FCS is mounted within the building (as is assumed for the 1 and 5kW systems), 
the fuel cell and attendant CHP equipment (e.g. hot water heater if needed) must sit on 
a firm base, typically a cement or concrete foundation. A drain is typically needed for the 
fuel cell condensed water. A water supply line is also needed for the FCS. If the CHP 
FCS is replacing an existing hot water heater, these three elements (cement foundation, 
water line, and drain) are probably already present at the FCS installation site: minimal 
FCS installation work is required. If it is not a hot water replacement, then it may be 
necessary to pour a foundation, run a water line, and install a drain: a substantially more 
expensive project. None of the scenarios modeled require interior concrete work. 
 
Site preparation is broken down into two cost elements: labor and materials. Labor rate 
is the fully burdened labor charge as described above. Engineering judgment is applied 
to estimate labor hours and is based on assuming an easy, minimal work project at the 
low end, and a complex, heavy work project at the high end.  
 
2.5.6 Base electrical system 

Base electrical system work includes purchase of electrical components, mounting of 
those components, running of electrical wires, and outside trenching (to bury electrical 
wires if needed). 
 
The subcategory consists of four cost elements: 

¶ electrical equipment and materials (primarily wires, panels, switches, connectors) 

¶ rough wiring of the components (labor and wire cost) 

¶ mounting and connecting the electrical equipment  (labor and misc. materials) 

¶ trenching costs (including labor, excavating, backing, and compaction) 
 

As shown in Figure 6, the electrical layout for all systems examined is essentially the 
same. The primary electrical components (exclusive of the fuel cell itself) are: 

¶ Panel board: circuit breaker box to house the critical loads that will be 
powered by the FCS exclusively when not grid-connected. Panel cost is 
based on price quote from Craftsman data for the 1 and 5kW system. A 
multiplier of 2x and 3x are applied to the 25kW and 100kW, respectively, 
to account for larger capacities. 

¶ Automatic Transfer Switch (ATS): an automatic switch to isolate the FCS 
and critical loads from the other building loads in the event of a grid 
outage. Based on industrial quotes (Grainger Inc.) for several size ATS 
units, +/-20% for high and low subcategories. 

¶ Small Junction Boxes 1 & 2: electrical junction boxes to join the electrical 
power lines from the FCS to the grid-connection line. Based on industrial 
quotations (Grainger Inc.) of two sizes of junction boxes, +/-20% for high 
and low subcategories. 

 
Electrical lines are run from the natural internal building take-off points to the newly 
installed FCS electrical components. These runs are considered “rough” wiring as they 
pertain to laying the actual wires through the walls rather than the fine details for the 
end connections. Man-hours per meter of run line and minor miscellaneous material 
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costs (wing nuts, nails, etc.) to run the wires are derived from the Craftsman books and 
a representative buildup of running the wires, notching studs, and fishing the line. 
Adjustment is made for larger (and stiffer) wires. Conversations with practicing 
electricians suggest the run times from the Craftsman books may be aggressively fast. 
Consequently, 1.25x and 1.5x factors are placed on the medium and high subcategories 
to reflect this concern. Wire cost varies with wire gauge (which in turn is dependent on 
carried current and voltage). Run distances depend on the specific installation scenario 
(see Figure 7). 
 
Labor times and materials for the installation and placement of the electrical 
components are based on data from the Craftsman books. Times are customized for 
the size/type of component being installed and include actual electrical connection of 
the device to the rough wiring runs.  
 
Exterior trenching only applies to exterior FCS installations and is included in the 
electrical cost subcategory since it is intimately associated with the electrical lines. 
Electrical, water, gas, or drainage lines are often buried below the surface to protect 
them from the elements, from vehicle traffic, interference with landscaping, or for 
cosmetic reasons. Typically the trench is 36-48” deep (so as to be below the frost line) 
and a minimum of 2-2.5 foot wide (the width of the bucket on a backhoe). The lines are 
typically encased in PVC pipe and buried with gravel and the backfill material. 
 
Figure 8 portrays a schematic of a typical buried line installation for mixed service lines 
(e.g. gas, electrical, television signal cable, etc.). 
 
Tremendous variation of linear trenching speed and cost is possible depending on 
conditions, approach, and assumptions. A heavy construction contractor contacted 
described a typical electrical wire trenching operation as follows: 

¶ Heavy Construction Trenching vision: 
o Trench excavated by a construction crew of typically 6-7 men at a cost of 

$3,000/day including labor, a backhoe (digger on one end, backfill bucket 
on other), dump truck supplies (gravel, etc.), and miscellaneous small 
equipment that may be needed (saws, “whackers”, etc.). 

o Trenching speed estimated at 20-30 feet per day (~3 feet/hour).  
o Cost of other miscellaneous trenching materials are separately calculated 

but are negligible in magnitude. 
o Costs and rates inclusive of running wires/PVC-conduit, backfill, 

compaction. 
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Figure 8. Typical joint service line trench conduit installation (Source: Puget 

Sound Energy14) 
 
 
Alternately, the Craftsman books describe a trenching operation as: 

¶ Craftsman book Trenching vision: 
o Crew of two using a Wheel loader with a 12" bucket 
o Trenching speed of 55 LF/h through medium soil  
o Trenching equipment cost of $0.94/LF 
o Backfill of the excavated dirt (back into the finished trench) using a 60HP 

front-end loader, 0.04 hours/CY for labor  
o Backfill equipment cost of $0.83/CY 
o Compaction of the backfilled dirt using a gas powered "Jumping Jack", 

vibrating rammer, 8" layers, at 0.10 man-hours/CY 
o Compaction equipment cost of $0.96/CY  

 
While perhaps hard to discern from these descriptions, the Heavy Construction 
approach results in a much higher net cost due to the assumed much slower speed 
(~1m/hour vs. ~3m/hour) and use of a much larger work crew (7 vs 2 workers). 
 
Additionally, it is noted that the Craftsman book rates typically are derived from large 
jobs where downtime is minimized. However, some (indeed most) of the scenarios 
postulated in this study are relatively small jobs. Thus the Craftsman methodology is 
augmented by addition of a separate labor time for job preparation and cleanup for each 
task. Additionally, a minimum equipment rental time of 8 hours is used as it is unrealistic 
to assume the equipment would be used on two jobs on a single day. The net effect of 
these additions is to substantial increase the cost of small jobs but to asymptotically 
approach the Craftsman estimates for large jobs. 
 

                                            
14

 “Gas and Electric Underground Service Installation Requirements: March 2015,” Puget Sound Energy. 
Accessed from https://pse.com/accountsandservices/Construction/Documents/3061.pdf 
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Trenching costs for all scenarios (that require trenching) are based on the Craftsman 
data methodology. However, a 0.5x factor is placed on trenching speed for the Difficult 
subcategory to reflect hard soil or an obstructed pathway. 
 
Cost elements for auxiliary electrical labor and equipment/material costs are added to 
account for non-enumerated expenses. The costs are set to zero for the 1kW and 5kW 
systems but have a nominal time and $ projection for the 25kW (difficult) and the 100kW 
scenarios. 
 
2.5.7 Base Mechanical and Piping System 

The base mechanical system subcategory covers non-electrical costs (external to the 
FCS) for unit connection, CHP system installation, fluid piping installation, and interior 
drywall repair, etc. Placement and delivery of the hardware to the installation site is 
considered under the Equipment Delivery subcategory.  
 
The subcategory consists of five cost elements: 

¶ Drywall repair (labor and materials) 

¶ Painting repair (labor and materials) 

¶ Water line plumbing (labor and materials) 

¶ NG line plumbing (labor and materials) 

¶ Miscellaneous labor (not covered in activities above) 
 
For home renovation scenarios it is anticipated that walls or ceilings will be damaged 
during the FCS installation process, primarily to run electrical/piping lines. Consequently 
a cost element is the labor and materials needed to repair drywall damage from the 
installation. Drywall repair time for all scenarios is based on the Craftsman book value 
of 0.323 hours/LF of drywall repair. Length of drywall repair is estimated as 75% of the 
total electrical/piping line length, where line distances are shown in Figure 7. A 
preparation and clean-up time is added to drywall labor time to modify the drywall repair 
time for small jobs. Material cost for drywall repair is also based on Craftsman book 
data and are set at $2.05/LF for all scenarios. Only renovation scenarios (not new 
construction) require drywall repair. 
 
Once physically patched, the drywall requires painting to restore it to full pre-renovation 
conditions. Again, Craftsman book values are the basis for painting time and material 
cost. The Craftsman books have detailed estimates of painting time based on first and 
second cost, type of surface and paint. Parameters for two costs of roller applied latex 
paint on gypsum drywall (smooth-wall finish) are selected for all scenarios. Additionally, 
Craftsman data for 1) slow, medium and fast painting and 2) low, medium, and high 
paint coverage and 3) a base paint cost of $33.03/gal (+/-10% for low and high 
estimates). Since drywall repairs are computed in length of repair and paint coverage is 
computed in area painting, it is assumed that full wall heights (8’) are painted. This may 
be an overstatement but discerning home owners may not tolerate subtle paint shade 
differences between the new paint and old paint. 
 
Water line plumbing labor and material costs are computed in a similar fashion. 
Craftsman book data is applied via an hours/meter of run line. Line distances are shown 
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in Figure 7. A preparation and cleanup time is applied to capture the cost impact of 
small jobs. Material costs are estimated on a $/meter basis. 
 
Natural gas piping runs are computed via the same labor and material cost 
methodology. Craftsman book data is applied via an hours/meter of run line. Line 
distances are shown in Figure 7. A preparation and cleanup time is applied to capture 
the cost impact of small jobs. Material costs are estimated on a $/meter basis based on 
½” Black Iron piping for the 1kW and 5kW installations, and 1” Black Iron for the 25kW 
and 100kW installations. 
 
2.5.8 Outdoor Site Preparation 

Outdoor site preparation encompasses all building exterior ground work, particularly 
pouring the concrete base for the FCS but exclusive of trenching (which is included 
under Base Electrical System). Additionally, this category includes bollard installation 
and fencing. 
 
The subcategory consists of six cost elements: 

¶ Labor for ground preparation and miscellaneous activities 

¶ Pouring the concrete pad (labor and materials) 

¶ Equipment rental (not included elsewhere) 

¶ Bollards 

¶ Fencing 
 
Outdoor site preparation costs are primarily driven by the size of the outdoor pad. The 
cement pad must be large enough to accommodate the FCS and its electrical 
subsystems. No outside pad is required for the 1 and 5kW installations as indoor 
placement of the fuel cell is assumed. (Note that interior pad area is shown for the 1kW 
and 5kW scenarios for reference, but that no cost for pouring the interior pads is 
included in the cost analysis. See Appendix A for further details.) Figure 9 lists the 
nominal pad dimensions and dimensions are varied by +/-50% for the low and high cost 
subcategories. 
 
Labor cost for ground preparation of the exterior installation site is based on a crew of 6 
workers working for a specified number of hours. Many miscellaneous activities 
(grading, ground clearing, etc.) are envisioned for this labor category and thus task 
duration is guided by conversation with construction experts rather than guidance from 
the Craftsman books. Nominal values are 1-1.5 days for the 25kW FCS and 2-3 days 
for the 100kW FCS.  
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 1kW FCS 5kW FCS 25kW FCS 100kW FCS 

Interior pad 
1x0.75x0.25m 

(Med.) 
1.5x1.25x0.25m 

(Med.) 
None None 

Exterior pad None None 
3x2x0.2m 

(Med.) 
5x3x0.2m 

(Med.) 

Figure 9. Concrete Pad Areas 
 
Equipment rental cost is based on use of Cat 430e Loader/Backhoe at rental cost 
specified by the Craftsman book ($69/hour, varied +/-20% for the low and high 
subcategories). A minimum 8 hour rental time is imposed.  
 
To validate crew costs, the William B. Hopke Company (a construction company in 
Alexandria VA) was contacted. According to Hopke15, an estimating rule of thumb is 
$3,000 per day for a crew of 6-7, inclusive of a backhoe/bulldozer, dump truck supplies 
(gravel, etc.), and miscellaneous small equipment (saws, “whackers”, etc.). This is 
comparable to the results from the methodology chosen above: 6 workers, 8 hours 
each, $50.17/h (Com. Jack of All Trade –Mid), $69/h backhoe rental = $2,960/day. 
 
The cost of the concrete foundation is based on $606/cubic yard of concrete poured, 
inclusive of labor and materials, as specified in the Craftsman books. This rate 
corresponds to large jobs; however, all of the fuel cell installation scenarios considered 
are small by concrete standards. Consequently an adjustment factor of 1.25 to 1.65 is 
placed on the base price to reflect the inefficiencies of smaller jobs. Additionally, the 
Craftsman books suggest a 15% to 25% increase in cost due to access difficulty to 
confined locations. Consequently, an additional 1.2 concrete price multiplier is applied 
for the Difficult subcategory. Tom Damberger of Golden State Energy states that a 4” 
thickness is typical for a fuel cell installation concrete pad, and may increase to 6-8” for 
larger fuel cell systems depending on weight. Consequently, a pad thickness of 4” is 
selected for the low estimate, 8” for the mid estimate, and 12” for the high estimate (to 
reflect a substantial raised pad to lift the fuel cell out of potential water flow.)  Excavation 
of asphalt (such as a scenario where the concrete pad is to be placed in an existing 
parking lot) would incur additional cost. 
 
Estimates from the William B. Hopke Company validate these concrete pricing 
assumptions. Hopke states that costs of $750-$1,000/CY are appropriate for the 100kW 
scenario with a 20’ x 10’ x 1’ concrete raised pad taking approximately 1 to 1.5 days. 
Hopke also confirmed that the $/CY metric varies substantial depending on the size of 
the job. 
 
Bollard costs are based on bollard purchase price and installation hours per bollard data 
provided by the Craftsman books. Bollards are devices used to protect the FCS from 
automotive traffic and are modeled as factory-fabricated concrete vertical barriers 
installed at the FCS site. The number of bollard required is computed from the perimeter 
area of the exterior concrete pad and an assumed 1.5m bollard spacing. 
 

                                            
15

 Mike Hopke, William B. Hopke Company, Alexandria VA, private communication with Brian James. 
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Fencing costs are based on the perimeter of the concrete pad, fence cost per meter, 
installation time per meter of fence, and rental equipment cost per meter of fence as 
provided by the Craftsman books. A 7’ chain link fence is assumed. While fencing and 
bollard may not be simultaneously needed, both are assumed for costing purposes. 
 
2.5.9 Equipment Delivery, FC Placement, and Test 

This is a miscellaneous category to capture installation costs pertaining to delivery of 
the FCS to the installation site, actual connection of the FCS main components, and 
commissioning tests of the completed system.  
 
The subcategory is modeled as three cost elements: 

¶ Equipment delivery (factor to installer business location) 

¶ Service truck cost (amortization of delivery/service truck) 

¶ Equipment placement (of the main fuel cell system components) 

¶ Commissioning tests 
 
Equipment delivery from the factor to the installer’s business site is assessed based on 
a representative cost per lb-mile. Shipping cost varies with a variety of factors including 
weight shipped, distance, type of load, whether a return load can be arranged, and 
whether the load is shared with other loads to fully pack the truck. Delivery costs are 
estimated based on costs from uShip Inc. for less than full load (LTL) shipments of 
industrial goods. The uShip online calculator16 was run iteratively as a function of 
distance and load mass to derive an approximating function via linear regression. That 
model was then used to estimate shipping cost ($/lb-mile) as a function of load (lbs) and 
one-way distance (miles). For the scenarios examined, shipping cost varied from 
$0.00045 to $0.004 per lb-mile. Delivery cost is thus computed by multiplying this 
delivery charge by the estimated mass of the FCS components and the one-way 
distance to be delivered. It is anticipated that the FCS factory will be hundreds (if not a 
thousand) miles away for some installation region. Delivery to the installers business 
rather than directly to the installation site allows elimination of critical path problems 
associated with all system components having to simultaneously show up at the job 
site.  
 
Service truck(s) are needed to transport workers, equipment, and the FCS system 
components (for small FCS) to the job site. A simplified amortization model was used to 
estimate the per day cost of the service/delivery truck. For the range of parameters 
selected ($35k-$50k purchase price, 10-7 year life, 10% interest, 40% tax rate, 208 
days of use per year, 9k to 28k miles per year, 15 to 20 miles per gallon fuel 
consumption, $45 cost of oil changes every 3k miles, $5k/year insurance, 5% other 
annual maintenance charges), the delivery truck fee is estimated at $96 to $108 per 
day. Since this cost range is quite narrow, a flat $100/day charge is assessed for all 
scenarios. Delivery charge was then computed as the production of cost per day times 
the number of days of use. 
 

                                            
16

 Online shipping cost calculator from uShip Inc. accessible at http://www.uship.com/shipping-
calculator.aspx 
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Equipment placement/connection represents the time need to carry the FCS equipment 
from the truck, place it in its final installation location, and connect the electrical and 
piping lines. Labor hours and material costs are based on Craftsman book data for 
natural gas hot water heaters as these are analogous to FCS as envisioned in the 
current scenarios. Ideally the fuel cell and hot water heater would be integrated at the 
factory but at large sizes (or even for small power levels) may be separate units. For 
purposes of placement/connection cost, two units are assumed for 1kW and 5kW High 
subcategory installations, and for all categories of 25kW and 100kW installations.  
 
Base time and material costs for FC placement are selected from Craftsman data for 
the corresponding size of the base hot water heater system. To determine the time and 
cost for each scenario, the base time or cost is multiplied by an adjustment factor (up to 
3x) based on the authors engineering judgment. The intent of the factors is to adjust for 
the size of the unit, addition of a double walled exhaust gas line between the FCS and 
the hot water heater, an additional electrical connection/line for the hot water heater (for 
the electrical heating elements), and the difficulty of installation relative to the base data.  
 
The commissioning test is a safety and functionality test of the final CHP FCS system. 
These tests will be conducted by the installer, possibly in the presence of a Fire 
Marshall or other county safety inspector. Improper installation of a FCS system may 
lead to major structural damage, fire/explosion, and/or death. Consequently the installer 
has a high stake in the safe operation of the FCS and is expected to personally conduct 
commissioning tests. In an ideal scenario, no additional cost is incurred because the 
testing is perfunctory and may occur while the installation workers are doing final tasks 
(such as cleanup). However, some time commitment (of at least one worker) is likely to 
conduct monitoring, make adjustments/corrections, wait for the system to reach full 
temperature/power, wait for the inspector, and/or accompany the inspector during the 
test. For these reason, up to 4 hours is allocated to this task.  
 
2.5.10 Hot Water Heater 

As previously discussed, all scenarios selected for installation cost modeling are based 
on CHP systems using a hot water heater. The hot water heater serves three functions: 

1) supply hot water to the house/business (i.e. the common and typical 
purpose), 

2) absorb energy from the hot gas exhaust from the FCS and thus serve as the 
energy transfer unit for the CHP aspect of the system, and 

3) absorb the excess FCS electrical load (i.e. serve as an electrical load bank to 
allow the slow-responding FCS to service the potentially rapidly changing 
electrical load of the building). 

 
Note that many other fuel cell system configurations might be employed that do not 
exclusively use the hot water heater for these functions. However, for system analysis 
simplicity only this postulated hot water CHP system is selected for analysis. Note also 
that the proposed layout does not cover “up-transients” wherein the instantaneous 
electrical demand is greater than the ability of the FCS to supply or near-
instantaneously increase its capacity to supply. Such analysis is worthy of investigation 
but is currently outside the scope of this inquiry. Further note that the hot water/CHP 
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system configuration is most plausible (and likely) for 1 and 5kW systems, but becomes 
an increasingly poor fit for larger systems (25 and 100kW). A full analysis of building hot 
water demand has not been conducted. However, while a 100kW CHP FCS in an 
apartment building may have demand for large amounts of hot water, other types of 
buildings (e.g. office buildings) may have lessor hot water demands and thus be a poor 
fit for a hot water based CHP system. 
 
The proposed hot water heater for integration with the CHP FCS is not a standard unit. 
Typical hot water heaters are either electric or natural gas fueled: the proposed CHP 
FCS unit has elements of both. It must have an electrical heating element to absorb the 
FCS excess electrical load and it must have a hot-exhaust-gas-to-water-heat-exchanger 
to capture energy from the FCS exhaust gas. Thus the hot water heater is a hybrid unit 
and is expected to cost more than a typical unit. While a complete DFMA® analysis of 
the hybrid hot water system has not been done, its cost is modeled as two times the 
base hot water heater plus the cost of a hot water recirculation pump. The recirculation 
pump is thought necessary to avoid excess temperature stratification within the water 
tank since the dual modes of heating will not always be employed at the same time. 
Because the house/business would be expected to employ a hot water heater even if a 
CHP FCS were not installed, the base cost of a conventional hot water heater is 
subtracted from the hybrid hot water heater cost for the analysis. Thus only the added 
cost of the FCS hot water heater is included in the analysis. 
 
The base cost of the hot water heater is based on Craftsman data for gas-fired units of 
the approximate heating capacity as the FCS electrical production: 

¶ 1 kW FCS:  30 gallon, 36,000 BTU/h, $380 each. 

¶ 5 kW FCS: 40 gallon, 40,000 BTU/h, $570 each. 

¶ 25 kW FCS: 50 gallon, 98,000 BTU/h, $906 each. 

¶ 100kW FCS: two units, each 91 gallons, 300,000 BTU/h, $3050 
 

The hybrid unit is priced at two times this base cost, but since only the extra cost of the 
hot water heater is tabulated in the analysis, the numerical cost carried for the system is 
numerically equal to the base cost (HybridCost = 2*BaseCost – BaseCost= BaseCost). 
A 0.5x multiplier is applied for the Low scenario and 2x multiplier for the High scenario. 
 
The hybrid heater further has the option to heat water with an auxiliary natural gas 
burner. This may be more economical than electrical heating but adds further 
complexity to the unit and thus is not further considered.  
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2.5.11 Installation Management Markup 

 
Management markup for the installer is separately added based on the installer’s “value 
added” i.e. the installer receives a percentage markup on his valid costs, not the value 
of the FCS installed. 
 
Management markup is broken into three cost elements: 

¶ project management, 

¶ profit, and 

¶ contingency. 
 
Project management costs cover installation project oversight expenses, bidding 
expenses, and miscellaneous, un-enumerated expenses incurred during execution of 
the installation project. While they are more logically represented by a number of hours 
spent on the task times an hourly labor rate, the industry customarily represents these 
costs as a percentage of the (construction) work done. 
 
Profit represents the fee (gross profit) earned by the installation company and is 
modeled as percentage of project cost (exclusive of the cost of the FCS). 
 
The Craftsman books state that 25% is a typical contractor charge for combined 
overhead and profit. Consequently, Project Management markups of 20%, 25%, and 
30% are used for all scenarios for the Low, Medium, and High subcategories 
respectively. Profit is capture in this category (per the Craftsman input), so the actual 
Profit markup is set to zero for all scenarios.  
 
Contingency represents a reserve fund to cover unanticipated expenses. If expenses do 
not exceed the contingency funding, then the excess accrues to profit. Contingency is 
expected to be a higher percentage for early-stage projects than for mature installations 
as new types of projects tend to be more uncertain and thus carry higher budgetary risk. 
 
Contingency markup of 5%, 10%, and 20% are used for the Easy scenarios for the Low, 
Medium, and High subcategories respectively. The Difficult scenarios are expected to 
demand higher contingencies due to the greater risk of unforeseen expenses. 
Consequently, contingency markup of 10%, 15%, and 25% are used for the Difficult 
scenarios for the Low, Medium, and High subcategories respectively. 
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3 Cost Results 
 
Owing to the high number of scenarios, categories, and subcategories examined in the 
analysis, there is a large volume of cost result data to display. Consequently, cost 
results are presented at multiple levels of detail: 
 

¶ Monte Carlo Results 
o Top-level tabular results (Figure 10) 
o Top-level graphical results (Figure 11 to Figure 14) 

¶ Low/Mid/High Scenario Results 
o Top-level graphical  results (Figure 15)  
o Tabular summary results at the subsystem level (Figure 16) 
o Tabular summary results at the detailed level (Figure 16) 

¶ Complete details of the installation cost analysis spreadsheet (Appendix A) 
 

3.1 Monte Carlo Cost Results 
 
Figure 10 displays the results of installation cost Monte Carlo analysis for each of the 
cases examined. “Min” refers to the minimum installation cost predicted in the 150,000 
iterations. “Max” refers to the maximum value of installation cost. “Mean” refers to the 
average of all sampled data and occurs near, but not exactly at, the peak probability of 
the distribution curves.17  Thus the range of installation cost between the 5% and 95% 
values represents the middle 90% of expected installation cost. This range is more 
meaningful than the Min and Max costs because, as explained above, those values 
have a vanishingly low probability of occurring. The 5% and the 95% cost values 
represent much more plausibly experienced low and high values. 
 
Figure 11 is an exploded view of the installation cost probability distribution for the 
100kW Difficult analysis case. Features in the 5% and 95% tails of the distribution can 
more clearly be seen. Additionally, it is more clearly graphically observed that there is a 
90% chance that installation cost will fall between the 5% and 95% cost values. 
 

                                            
17

 The highest point in the probability distribution would be the “mode” i.e. the installation data cost with 
the highest probability of occurring. 
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Figure 10 - Output Results of Monte Carlo Analysis 

 

 
Figure 11 - Enhanced Image of 100kW Difficult Output Results 

  

Name Graph Min, $/stack Mean, $/stack Max, $/stack 5%, , $/stack 95%, $/stack

Total Installation Cost 1kW Easy  $                  3,684  $                  9,072  $                19,388  $                  6,260  $                12,310 

Total Installation Cost 1kW Difficult  $                  6,622  $                14,342  $                26,792  $                10,460  $                19,004 

Total Installation Cost 5kW Easy  $                  4,126  $                  9,970  $                18,909  $                  7,042  $                13,350 

Total Installation Cost 5kW Difficult  $                  6,983  $                15,098  $                27,202  $                11,055  $                19,874 

Total Installation Cost 25kW Easy  $                  7,796  $                16,203  $                28,579  $                12,359  $                20,664 

Total Installation Cost 25kW Difficult  $                  8,743  $                20,859  $                39,419  $                15,359  $                27,641 

Total Installation Cost 100kW Easy  $                12,809  $                43,252  $                90,170  $                26,334  $                64,028 

Total Installation Cost 100kW 

Difficult
 $                15,099  $                55,114  $              118,439  $                34,914  $                78,958 
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Monte Carlo analysis cost results are graphed multiple ways in the following figures to 
highlight different aspects of the data.  
 
Figure 12 plots the mean total installation cost for each power level with the error bars 
denoting the 5% and 95% cost values. The “Easy” scenarios at each power level are 
shown in blue and the “Difficult” scenarios in red.  
 
A very wide range of installation costs is observed within the error bar projections. As 
expected, the “Difficult” scenario is more costly than the “Easy” scenario, but only by a 
modest amount. The error bar range for the 100kW system is notably wider than for the 
lower powers. 

 
Figure 13 plots this same data on a log-log scale and displays installation cost per kW 
($/kW) instead of installation cost ($). The curves are observed to be approximately 
linear when graphed on log scales. 
 
Finally, Figure 14 displays the same $/kW vs. power level on a log scale but using an 
average of the Easy and Difficult values so as to obtain a single installation cost 
representation. This is to facilitate use of the installation curve in a general, less 
specific, application. 
 
 

 
 

Figure 12. Monte Carlo Cost Results ï Bar Chart 
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Figure 13. Monte Carlo Cost Results ï Log-Log Chart 
 

 
 
 
 

 
 

Figure 14. Monte Carlo Cost Results ï Simplified Log-Log Chart 
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3.2 Low/Mid/High Cost Results 
 
While the previous sections discussed the Monte Carlo installation cost results, a set of 
cost results also is available based on the low, mid, or high parameter values 
implemented all at the same time. These results are graphically compared with the 
Monte Carlo results in Figure 15. The low and high cost projections from the 
Low/Mid/High analysis are depicted as round points on the graph. As expected, the 
values fall outside the Monte Carlo 5% and 95% limits (shown in the error bars). 
 
Additionally, the Low/Mid/High results are shown in table format in Figure 16 at the 
subsystem level and in Figure 17 at the detailed level. 
 
 
 

 
 
Figure 15. Installation Cost Comparison between Monte Carlo and Low/Mid/High 

Results 
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Figure 16. Tabular summary of Low/Mid/High FCS installation cost (at major subsystem level) 
 

Low Mid High Low Mid High Low Mid High Low Mid High

Engineering and Design 331$               1,920$      5,126$          1,325$     3,840$       8,544$         331$        1,920$     5,126$        1,325$      3,840$       8,544$         

Permits/Inspection -$                339$         2,718$          -$         789$          2,718$         -$         339$        2,718$        -$         789$          2,718$         

Indoor Site Prep -$                21$           74$               115$        1,333$       2,372$         -$         21$          74$             115$         1,333$       2,372$         

Base Electrical System 888$               1,396$      2,358$          1,018$     1,596$       3,160$         988$        1,683$     3,194$        1,021$      1,888$       3,853$         

Auxilliary Electrical System 281$               487$         882$             395$        736$          1,476$         376$        677$        1,262$        490$         926$          1,856$         

Base Mechanical Work 52$                 131$         480$             294$        614$          1,986$         52$          131$        480$           266$         811$          2,479$         

Outdoor Site Prep -$                -$          -$              -$         -$           -$            -$         -$         -$            -$         -$           -$             

Equip. Delivery/Placement/Test 611$               999$         1,674$          864$        1,443$       3,776$         653$        1,102$     2,284$        877$         1,448$       3,902$         

Installation Management Markup 541$               1,853$      6,657$          1,203$     4,141$       13,218$       600$        2,055$     7,569$        1,228$      4,414$       14,148$       

Total Installation Cost, $/system 2,703$            7,145$      19,971$        5,213$     14,492$     37,251$       3,000$     7,928$     22,708$      5,323$      15,450$     39,871$       

1kW System - Easy 1kW System - Difficult 5kW System - Easy 5kW System - Difficult

Low Med High Low Med High Low Med High Low Med High

Engineering and Design 1,987$       3,840$           8,544$           1,987$           4,800$           12,816$         2,650$           4,800$           12,816$         3,312$           9,600$           25,632$         

Permits/Inspection -$           339$              2,718$           -$               789$              2,718$           -$               2,268$           24,500$         -$               2,718$           24,500$         

Indoor Site Prep -$           25$                89$                35$                201$              714$              -$               100$              714$              277$              803$              2,858$           

Base Electrical System 1,806$       3,184$           6,801$           2,025$           3,759$           8,627$           2,324$           4,806$           9,960$           2,450$           5,714$           12,269$         

Auxilliary Electrical System 544$          1,013$           1,934$           704$              1,362$           2,764$           3,392$           6,663$           13,275$         3,553$           7,012$           14,105$         

Base Mechanical Work 125$          442$              1,615$           194$              618$              2,100$           173$              614$              2,213$           403$              1,204$           3,888$           

Outdoor Site Prep 3,371$       5,423$           14,976$         4,050$           7,144$           20,269$         5,080$           10,482$         29,570$         7,006$           15,353$         43,163$         

Equip. Delivery/Placement/Test 1,330$       1,989$           3,007$           1,427$           2,728$           4,987$           1,447$           2,413$           3,936$           1,767$           3,247$           5,961$           

Installation Management Markup 2,291$       5,689$           19,843$         3,127$           8,560$           30,248$         3,766$           11,251$         48,492$         5,630$           18,260$         72,807$         

Total Installation Cost, $/system 11,453$  21,943$      59,528$      13,549$      29,962$      85,245$      18,832$      43,398$      145,476$    24,398$      63,911$      205,182$    

25kW System - Difficult 100kW System - Easy 100kW System - Difficult25kW System - Easy
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Cost Summary
Low Mid High Low Mid High Low Mid High Low Mid High

Engineering and Design

Total Labor cost 331$           1,920$       5,126$         1,325$       3,840$          8,544$         331$           1,920$       5,126$        1,325$       3,840$          8,544$          

Permits/Inspection

 Permits/Inspection Total -$           339$           2,718$         -$           789$              2,718$         -$           339$           2,718$        -$           789$              2,718$          

Indoor Site Prep

Labor for cleaning up Interior space

Total Labor cost -$           20.83$       74.14$         114.95$     1,332.80$     2,372.38$   -$           20.83$       74.14$        114.95$     1,332.80$     2,372.38$    

Pouring Interior Concrete Pad

Total slab cost (incl. labor, materials, etc.) -$           -$           -$             -$           -$              -$             -$           -$           -$            -$           -$              -$              

Base Electrical System

Equipment/Material Purchase Price

Critical Load Breaker Box Capital Cost Total  $       23.80  $       23.80  $         23.80  $       23.80  $          23.80  $        23.80  $       23.80  $       23.80  $       23.80  $       23.80  $          23.80  $         23.80 

Misc.  $       50.00  $       75.00  $      100.00  $       50.00  $          75.00  $      100.00  $       50.00  $       75.00  $     100.00  $       50.00  $          75.00  $       100.00 

Automatic Transfer Switch (ATS)  $    466.40  $    583.00  $      699.60  $    466.40  $       583.00  $      699.60  $    466.40  $    583.00  $     699.60  $    466.40  $       583.00  $       699.60 

Small Junction Box #1  $       17.48  $       21.85  $         26.22  $       17.48  $          21.85  $        26.22  $       17.48  $       21.85  $       26.22  $       17.48  $          21.85  $         26.22 

Small Junction Box #2  $       17.48  $       21.85  $         26.22  $       17.48  $          21.85  $        26.22  $       17.48  $       21.85  $       26.22  $       17.48  $          21.85  $         26.22 

Rough Wiring to Various Electrical Devices

Total Rough Wiring Labor cost 70.31$       226.44$     725.50$       195.30$     407.58$        1,451.00$   132.80$     452.87$     1,451.00$  164.05$     634.02$        2,015.27$    

Total Rough Wiring Mat. Cost 2.35$         6.07$         10.90$         6.58$         11.03$          22.06$         6.27$         17.05$       30.57$        7.78$         24.14$          42.97$          

Elect. Component Installation/Placement (including finish wiring)

Total Labor cost 119.26$     197.84$     426.29$       119.26$     210.64$        488.38$       152.31$     245.74$     511.55$      152.31$     260.94$        590.69$       

Total Materials 94.12$       102.86$     111.60$       94.12$       102.86$        111.60$       94.12$       102.86$     111.60$      94.12$       102.86$        111.60$       

 Incidentals 27$             137$           208$             27$             138$              211$            27$             139$           213$           27$             141$              216$             

Trenching

Labor Cost  $             -    $             -    $               -    $             -    $                -    $               -    $             -    $             -    $              -    $             -    $                -    $                -   

Equip. Rental Cost  $             -    $             -    $               -    $             -    $                -    $               -    $             -    $             -    $              -    $             -    $                -    $                -   

Backfill

Labor Cost  $             -    $             -    $               -    $             -    $                -    $               -    $             -    $             -    $              -    $             -    $                -    $                -   

Equip. Rental Cost  $             -    $             -    $               -    $             -    $                -    $               -    $             -    $             -    $              -    $             -    $                -    $                -   

Compaction

Labor Cost  $             -    $             -    $               -    $             -    $                -    $               -    $             -    $             -    $              -    $             -    $                -    $                -   

Equip. Rental Cost  $             -    $             -    $               -    $             -    $                -    $               -    $             -    $             -    $              -    $             -    $                -    $                -   

Auxilliary Electrical System

Labor (for Aux. services)

Total Labor cost -$           -$           -$             115$           250$              593$            -$           -$           -$            115$           250$              593$             

Equipment/Materials

Total Equip./Materials  $    280.53  $    486.50  $      882.48  $    280.53  $       486.50  $      882.48  $    375.53  $    676.50  $  1,262.48  $    375.53  $       676.50  $    1,262.48 

5kW System - Easy 5kW System - Difficult1kW System - Easy 1kW System - Difficult
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Low Mid High Low Mid High Low Mid High Low Mid High
Base Mechanical Work

Labor (exclusive of Drywall/interior-repair/plumb./trenching/cement-work) 

Total Labor cost (exclusive of drywall repair) -$           -$           -$             -$           -$              -$             -$           -$           -$            -$           -$              -$              

Drywall Repair (not including painting)

Total Labor cost (for drywall repair)  $             -    $             -    $               -    $    142.95  $       294.21  $   1,032.16  $             -    $             -    $              -    $    120.11  $       459.73  $    1,444.64 

Materials cost  $             -    $             -    $               -    $       20.08  $          35.14  $        90.36  $             -    $             -    $              -    $       16.06  $          60.24  $       132.53 

Painting (of drywall)

Total Labor cost (for painting)  $             -    $             -    $               -    $       45.63  $       112.89  $      321.75  $             -    $             -    $              -    $       45.12  $       119.16  $       359.46 

Materials cost  $             -    $             -    $               -    $       33.03  $          36.70  $        40.37  $             -    $             -    $              -    $       33.03  $          36.70  $         40.37 

Plumbing

Labor cost  $       11.47  $       43.67  $      143.27  $       11.47  $          45.45  $      149.59  $       11.47  $       43.67  $     143.27  $       11.47  $          45.45  $       149.59 

Pipe Cost  $         0.81  $         2.36  $           5.40  $         0.81  $            2.70  $           6.08  $         0.81  $         2.36  $          5.40  $         0.81  $            2.70  $           6.08 

Natural Gas Piping

Labor Cost  $       17.39  $       41.11  $      211.29  $       17.39  $          41.11  $      211.29  $       17.39  $       41.11  $     211.29  $       17.39  $          41.11  $       211.29 

Pipe Cost  $       22.15  $       44.11  $      119.68  $       22.15  $          46.03  $      134.64  $       22.15  $       44.11  $     119.68  $       22.15  $          46.03  $       134.64 

Outdoor Site Prep

Labor for cleaning up Exterior space

Total  Site Prep Labor cost  $             -    $             -    $               -    $             -    $                -    $               -    $             -    $             -    $              -    $             -    $                -    $                -   

Pouring Exterior Concrete Pad

Total slab cost (incl. labor, materials, etc.) -$           -$           -$             -$           -$              -$             -$           -$           -$            -$           -$              -$              

Crew Labor (ground prep and miscellaneous outdoor activities not elsewhere enumerated)

Total Crew Labor cost -$           -$           -$             -$           -$              -$             -$           -$           -$            -$           -$              -$              

Equipment Rental (beyond equip. included in Crew Cost)

Total Equipment Rental Cost -$           -$           -$             -$           -$              -$             -$           -$           -$            -$           -$              -$              

Bollards

Total labor cost -$           -$           -$             -$           -$              -$             -$           -$           -$            -$           -$              -$              

Total Materials cost -$           -$           -$             -$           -$              -$             -$           -$           -$            -$           -$              -$              

Fencing

Total labor cost -$           -$           -$             -$           -$              -$             -$           -$           -$            -$           -$              -$              

Total Materials cost -$           -$           -$             -$           -$              -$             -$           -$           -$            -$           -$              -$              

Total Equip. Rental cost -$           -$           -$             -$           -$              -$             -$           -$           -$            -$           -$              -$              

Equip. Delivery/Placement/Test

Equip. Delivery (Factory to Business)

Total Factory Delivery Charge 313$           488$           635$             313$           488$              635$            332$           543$           717$           332$           543$              717$             

Service Truck Cost

Service Truck Cost per job 87$             139$           221$             235$           354$              341$            111$           186$           227$           229$           304$              384$             

Equipment Placement

Total Labor cost  $    130.76  $    217.93  $      421.65  $    196.14  $       379.02  $   2,023.94  $    130.76  $    217.93  $     843.31  $    196.14  $       379.02  $    2,023.94 

Total Materials Cost  $       80.00  $       92.00  $      100.00  $    120.00  $       160.00  $      480.00  $       80.00  $       92.00  $     200.00  $    120.00  $       160.00  $       480.00 

Commissioning Test

Total labor cost -$           62$             297$             -$           62$                297$            -$           62$             297$           -$           62$                297$             

Subtotal 2,163$    5,293$    13,314$    4,010$    10,352$     24,033$    2,400$    5,873$    15,139$   4,094$    11,036$     25,723$    

Installation Management Markup

Markup (OH & Profit) 20% 25% 30% 20% 25% 30% 20% 25% 30%Construction, pg 4. General Contractors Markup is typically 25%. (for OH and Profit)20% 25% 30%

Profit 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Contingency 5% 10% 20% 10% 15% 25% 5% 10% 20% 10% 15% 25%

Total Markup 25% 35% 50% 30% 40% 55% 25% 35% 50% 30% 40% 55%

Project Management 433$           1,323$       3,994.14$    802$           2,588$          7,210$         480$           1,468$       4,542$        819$           2,759$          7,717$          

Profit -$           -$           -$             -$           -$              -$             -$           -$           -$            -$           -$              -$              

Contingency 108$           529$           2,663$         401$           1,553$          6,008$         120$           587$           3,028$        409$           1,655$          6,431$          

Total Installation Cost, $/system 2,703$       7,145$       19,971$      5,213$       14,492$       37,251$      3,000$       7,928$       22,708$     5,323$       15,450$       39,871$       

Total Installation Cost, $/kW 2,703$       7,145$       19,971$       5,213$       14,492$        37,251$       600$           1,586$       4,542$        1,065$       3,090$          7,974$          

1kW System - Easy 1kW System - Difficult 5kW System - Easy 5kW System - Difficult
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Cost Summary
Low Med High Low Med High Low Med High Low Med High

Engineering and Design

Total Labor cost 1,987$         3,840$         8,544$           1,987$           4,800$           12,816$         2,650$           4,800$           12,816$          3,312$           9,600$           25,632$          

Permits/Inspection

 Permits/Inspection Total -$             339$            2,718$           -$               789$              2,718$           -$               2,268$           24,500$          -$               2,718$           24,500$          

Indoor Site Prep

Labor for cleaning up Interior space

Total Labor cost -$             25.09$         89.30$           34.62$          200.68$        714.42$         -$               100.34$        714.42$          276.94$        802.72$        2,857.68$       

Pouring Interior Concrete Pad

Total slab cost (incl. labor, materials, etc.) -$             -$             -$               -$               -$               -$               -$               -$               -$                -$               -$               -$                

Base Electrical System

Equipment/Material Purchase Price

Critical Load Breaker Box Capital Cost Total  $        47.60  $        47.60  $          47.60  $          47.60  $          47.60  $           47.60  $          71.40  $          71.40  $           71.40  $          71.40  $          71.40  $            71.40 

Misc.  $        50.00  $        75.00  $        100.00  $          50.00  $          75.00  $        100.00  $          50.00  $          75.00  $         100.00  $          50.00  $          75.00  $         100.00 

Automatic Transfer Switch (ATS)  $      466.40  $      583.00  $        699.60  $        466.40  $        583.00  $        699.60  $        466.40  $        583.00  $         699.60  $        466.40  $        583.00  $         699.60 

Small Junction Box #1  $        69.24  $        86.55  $        103.86  $          69.24  $          86.55  $        103.86  $          69.24  $          86.55  $         103.86  $          69.24  $          86.55  $         103.86 

Small Junction Box #2  $        69.24  $        86.55  $        103.86  $          69.24  $          86.55  $        103.86  $          69.24  $          86.55  $         103.86  $          69.24  $          86.55  $         103.86 

Rough Wiring to Various Electrical Devices

Total Rough Wiring Labor cost 249.98$       815.17$       2,982.60$     437.47$        1,268.04$     4,514.21$      531.22$        1,720.91$     5,159.10$      593.71$        2,264.35$     6,771.32$       

Total Rough Wiring Mat. Cost 99.99$         221.48$       382.06$         132.07$        310.07$        542.64$         237.91$        711.83$        963.90$          303.19$        985.58$        1,358.13$       

Elect. Component Installation/Placement (including finish wiring)

Total Labor cost 277.47$       466.24$       1,047.76$     281.49$        510.24$        1,236.17$      317.68$        536.18$        1,161.87$      317.68$        564.15$        1,361.05$       

Total Materials 197.64$       232.26$       266.88$         197.64$        232.26$        266.88$         197.64$        232.26$        266.88$          197.64$        232.26$        266.88$          

 Incidentals 32$               175$            291$              33$                193$              331$               38$                265$              420$               41$                320$              519$                

Trenching

Labor Cost  $        29.58  $        93.92  $        279.17  $          23.44  $          65.78  $        184.24  $          41.84  $        114.66  $         353.00  $          31.62  $          90.96  $         273.89 

Equip. Rental Cost  $           9.25  $        29.30  $          55.51  $            9.25  $          29.30  $           55.51  $          18.50  $          40.09  $           77.10  $          21.59  $          55.51  $         107.94 

Backfill

Labor Cost  $        18.96  $        45.23  $        114.94  $          18.96  $          45.23  $        114.94  $          20.62  $          48.03  $         124.91  $          21.17  $          52.03  $         139.15 

Equip. Rental Cost  $      166.00  $      166.00  $        166.00  $        166.00  $        166.00  $        166.00  $        166.00  $        166.00  $         166.00  $        166.00  $        166.00  $         166.00 

Compaction

Labor Cost  $        21.45  $        56.63  $        153.39  $          21.45  $          56.63  $        153.39  $          25.59  $          63.63  $         178.32  $          26.97  $          73.63  $         213.92 

Equip. Rental Cost  $           1.15  $           3.64  $             6.89  $            1.15  $            3.64  $             6.89  $            2.30  $            4.98  $              9.57  $            2.68  $            6.89  $            13.40 

Auxilliary Electrical System

Labor (for Aux. services)

Total Labor cost -$             -$             -$               161$              350$              830$               161$              350$              830$               322$              699$              1,660$            

Equipment/Materials

Total Equip./Materials  $      543.53  $   1,012.50  $     1,934.48  $        543.53  $    1,012.50  $     1,934.48  $    3,231.05  $    6,313.00  $    12,444.95  $    3,231.05  $    6,313.00  $    12,444.95 

25kW System - Easy 100kW System - Easy 100kW System - Difficult25kW System - Difficult
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Figure 17. Tabular summary of FCS installation cost (at detailed level) 

Low Med High Low Med High Low Med High Low Med High
Base Mechanical Work

Labor (exclusive of Drywall/interior-repair/plumb./trenching/cement-work) 

Total Labor cost (exclusive of drywall repair) -$             50$               179$              69$                201$              536$               -$               100$              357$               138$              401$              1,072$            

Drywall Repair (not including painting)

Total Labor cost (for drywall repair)  $               -    $               -    $                 -    $                 -    $                 -    $                 -    $                 -    $                 -    $                  -    $                 -    $                 -    $                  -   

Materials cost  $               -    $               -    $                 -    $                 -    $                 -    $                 -    $                 -    $                 -    $                  -    $                 -    $                 -    $                  -   

Painting (of drywall)

Total Labor cost (for painting)  $               -    $               -    $                 -    $                 -    $                 -    $                 -    $                 -    $                 -    $                  -    $                 -    $                 -    $                  -   

Materials cost  $               -    $               -    $                 -    $                 -    $                 -    $                 -    $                 -    $                 -    $                  -    $                 -    $                 -    $                  -   

Plumbing

Labor cost  $        39.18  $      116.17  $        359.02  $          39.18  $        131.85  $        424.16  $          50.00  $        160.60  $         489.29  $        100.50  $        286.06  $         768.45 

Pipe Cost  $           2.30  $           7.09  $          14.18  $            2.30  $            9.11  $           18.90  $            3.68  $          12.83  $           23.63  $          10.12  $          29.03  $            43.88 

Natural Gas Piping

Labor Cost  $        37.63  $        97.58  $        599.93  $          37.63  $          97.58  $        599.93  $          51.16  $        135.48  $         763.55  $          73.78  $        184.27  $      1,090.78 

Pipe Cost  $        45.77  $      170.89  $        463.63  $          45.77  $        178.32  $        521.59  $          68.65  $        205.07  $         579.54  $          80.10  $        303.14  $         912.78 

Outdoor Site Prep

Labor for cleaning up Exterior space

Total  Site Prep Labor cost  $               -    $               -    $                 -    $                 -    $                 -    $        357.21  $                 -    $                 -    $                  -    $                 -    $                 -    $                  -   

Pouring Exterior Concrete Pad

Total slab cost (incl. labor, materials, etc.) 1,200.00$   1,208.07$   3,444.44$     1,200.00$     1,449.68$     4,133.33$      1,200.00$     3,020.17$     8,611.11$      1,391.69$     4,349.04$     12,399.99$    

Crew Labor (ground prep and miscellaneous outdoor activities not elsewhere enumerated)

Total Crew Labor cost 1,246.22$   2,408.16$   7,501.42$     1,869.33$     3,612.24$     11,252.13$   2,492.45$     4,816.32$     15,002.84$    3,738.67$     7,224.48$     22,504.26$    

Equipment Rental (beyond equip. included in Crew Cost)

Total Equipment Rental Cost 441.60$       552.00$       993.60$         496.80$        828.00$        1,490.40$      662.40$        1,104.00$     1,987.20$      993.60$        1,656.00$     2,980.80$       

Bollards

Total labor cost 86.22$         187.43$       333.62$         86.22$          187.43$        333.62$         129.32$        249.90$        556.03$          172.43$        312.38$        556.03$          

Total Materials cost 56.00$         84.00$         84.00$           56.00$          84.00$          84.00$           84.00$          112.00$        140.00$          112.00$        140.00$        140.00$          

Fencing

Total labor cost 115.40$       418.10$       1,488.45$     115.40$        418.10$        1,488.45$      173.09$        501.72$        1,860.56$      201.94$        710.78$        2,604.79$       

Total Materials cost 213.66$       534.15$       1,068.29$     213.66$        534.15$        1,068.29$      320.49$        640.98$        1,335.37$      373.90$        908.05$        1,869.51$       

Total Equip. Rental cost 12.34$         30.84$         61.68$           12.34$          30.84$          61.68$           18.50$          37.01$          77.10$            21.59$          52.43$          107.94$          

Equip. Delivery/Placement/Test

Equip. Delivery (Factory to Business)

Total Factory Delivery Charge 403$            647$            821$              403$              647$              821$               437$              944$              1,335$            437$              944$              1,335$            

Service Truck Cost

Service Truck Cost per job 452$            482$            614$              312$              698$              891$               535$              609$              1,028$            618$              919$              1,351$            

Equipment Placement

Total Labor cost  $      315.02  $      525.03  $     1,015.82  $        472.53  $        913.09  $     2,437.96  $        315.02  $        525.03  $      1,015.82  $        472.53  $        913.09  $      2,437.96 

Total Materials Cost  $      160.00  $      184.00  $        200.00  $        240.00  $        320.00  $        480.00  $        160.00  $        184.00  $         200.00  $        240.00  $        320.00  $         480.00 

Commissioning Test

Total labor cost -$             151$            357$              -$               151$              357$               -$               151$              357$               -$               151$              357$                

Subtotal 9,163$      16,254$    39,685$     10,422$     21,401$     54,997$      15,066$     32,147$     96,984$      18,767$     45,651$     132,376$    

Installation Management Markup

Markup (OH & Profit) 20% 25% 30%Construction, pg 4. General Contractors Markup is typically 25%. (for OH and Profit)20% 25% 30% 20% 25% 30%Construction, pg 4. General Contractors Markup is typically 25%. (for OH and Profit)20% 25% 30%

Profit 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Contingency 5% 10% 20% 10% 15% 25% 5% 10% 20% 10% 15% 25%

Total Markup 25% 35% 50% 30% 40% 55% 25% 35% 50% 30% 40% 55%

Project Management 1,833$         4,063$         11,906$         2,084.42$     5,350.30$     16,499.04$   3,013.17$     8,036.71$     29,095.27$    3,753.47$     11,412.75$   39,712.73$    

Profit -$             -$             -$               -$               -$               -$               -$               -$               -$                -$               -$               -$                

Contingency 458$            1,625$         7,937$           1,042.21$     3,210.18$     13,749.20$   753.29$        3,214.68$     19,396.85$    1,876.74$     6,847.65$     33,093.94$    

Total Installation Cost, $/system 11,453$      21,943$      59,528$        13,549$        29,962$        85,245$        18,832$        43,398$        145,476$       24,398$        63,911$        205,182$       

Total Installation Cost, $/kW 458$            878$            2,381$           542$              1,198$           3,410$           188$              434$              1,455$            244$              639$              2,052$            

100kW System - Easy 100kW System - Difficult25kW System - Easy 25kW System - Difficult
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3.3 Comparison with Past Installation Cost Estimates 
 
The “historical” installation cost curve previously generated by Strategic Analysis represents 
the average of costs derived from a survey of installers.18 The costs were an assessment of 
a collection of public and proprietary data but were drawn from a sparse data set of often 
incomplete and conflicting data. Indeed the shortcomings of the available data were a prime 
motivation of the current DFMA® analysis.  
 
Figure 18.compares the historical/survey installation cost estimates with the DFMA®-based 
estimates. The historical costs are seen to be substantially higher than even the Difficult-
High case. Further analysis is needed explain the cost disparity and whether influential cost 
factors have been overlooked or incorrectly portrayed in the DFMA® analysis. However, it is 
suspected that “change orders” (i.e. changes in work orders once construction has already 
begun) play a significant role in the high “historical” pricing data. This is to be expected for a 
new technology application such as fuel cells. No explicit allowance for change orders is 
included in the DFMA® analysis beyond the 5-25% cost contingency discussed in section 
2.5.11. Additionally, installation of new technology often results in delays and complications, 
sometimes without rational basis. Such circumstances can significantly increase cost.  

 

 
 

Figure 18. Installation Cost Comparison with Past Estimates 
  

                                            
18

 Colella, W.G., James, B.D., “Assessing Electrical Sub-system Configurations and Installation Costs for 
Stationary Fuel Cell Systems,” Strategic Analysis Inc., under sub-contract to the National Renewable Energy 
Laboratory, 9 September 2013. 
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4 Overall Observations and Recommendations for Reducing Installation 
Cost 

 
Based on the cost analysis and discussion with industry experts, the following summary 
observations and recommendations are made. 
 

1. Yasunobu Mizutani of Toho Gas Co. notes that packaged cogeneration is one 
solution to reduce installation cost.19 The MHI 1.5MW gas engine power plant in a 
40’ container is a good example of packaged cogeneration. It is designed for rapid 
installation, features quick connects for gas and power lines, and targets power 
production within a day of arrival. Additionally, there is a supplemental 20’ container 
for heat recovery (presumably hot water generation from the hot gas exhaust of the 
power unit). As applied to fuel cell systems, the more factory integration of FCS 
components that can occur, the fast the installation and installation costs. 

 
2. The current high level of installation cost needs to be reduced significantly. Karl 

Föger of CFCL Ltd. notes that a similar problem exists in Germany for heating 
systems where installed costs are 5x the manufactured cost for heating systems20. 
High FCS installation costs risk killing the economic viability for the customer. 

 
3. Future systems must be very easy to install. Manufacturers should supply easy to 

install “building blocks” (inclusive of water plumbing and electrical) to make the job 
simple for installers. 

 
4. Permitting costs should be kept low and exempt smaller systems (e.g. perhaps 

<=10kW) entirely from the permitting process. Other small home appliances (hot 
water heaters, gas dryers, home furnaces) don’t require permits. 

 
5. The established installation infrastructure is not always of benefit. Karl Föger notes 

that the experience in Germany of Senertic (motor driven CHP systems) illustrates 
how a multi-tiered installation structure (nationwide centers linked to (typically small) 
carefully selected installation companies) can lead to high installation costs21.  

 
6. Installation tradesman need to be skilled (and licensed) in multiple disciplines. Costs 

escalate with the number of specialists involved. Thus (in general) costs will be 
higher if both a plumber and electrician are involved as opposed to a single 
plumber/electrician. 

 
7. Japan’s experience installing 100,000+ FCS is an invaluable window into installation 

costs. Unfortunately, data from those installations in not publically available. Efforts 

                                            
19

 Personal communication with data reference to http://www.mhi-
global.com/finance/library/annual/pdf/annual_2013_16.pdf 
20

 Personal communication 25 January 2015. 
21

 Personal communication 25 January 2015. 
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should be made to access that data and learn from it. A cost learning curve may be 
able to be derived. 

 
8. FCS installation in new construction is expected to be less costly than in retrofits. 

The analysis shows that new construction is 18% to 42% less expensive. Thus a 
focus should be placed on insertion of FCS into new construction buildings where 
FCS-related electrical/gas/water lines may be most economically laid. 

 
9. Residential new construction offers an economy of scale because the installation 

process may be identically repeated. The cost savings from this effect are not 
explicitly captured with this DFMA® analysis. 

 
10. The DFMA® installation modeling approach allows the cost impact of regional 

differences to be assessed. While not assessed in this body of work, alternative 
labor rates merely need to be entered into the cost model. 

 
11. Craftsman cost data is updated quarterly thereby easily allowing the DFMA® 

installation cost model to be updated for inflation and changes in market conditions. 
 

12. The analysis was conducted specifically with SOEC fuel cells in mind but is broadly 
applicable to other types of fuel cells. The advantage of a detailed model is that 
individual assumptions may be altered to assess the cost impact. 

 
13. The analysis was conducted specifically with the US installation market in mind but 

offers insight into installation costs in other countries. Karl Föger of CFCL notes that 
installation costs vary widely, particular between countries in Europe (due to 
customer expectations, installer margins, utility or private customer, etc.). 

 
14. Many assumptions contained in the installation cost analysis are based on the 

author’s engineering judgment. A wide range of reasonable values exists for many of 
parameters. Additional sensitivity analysis would be useful in further identifying the 
cost impactful parameters. 
 

15. Wide variation and uncertainty in the installation cost estimates still exists. The costs 
from the survey of installers suggest that other so-far unidentified factors may be at 
play. More analysis is needed to fully understand the cost drivers. Additional 
empirical data on cost would aid in reconciling the analysis projections with the 
installer survey data. 
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Appendix A: Cost Analysis Details 

 

Low Mid High Low Mid High Low Mid High Low Mid High Low Med High Low Med High Low Med High Low Med High

System Net Power 1 1 1 1 1 1 5 5 5 5 5 5 25 25 25 25 25 25 100 100 100 100 100 100

Installation Location Indoor Indoor Indoor Indoor Indoor Indoor Indoor Indoor Indoor Indoor Indoor Indoor Outdoor Outdoor Outdoor Outdoor Outdoor Outdoor Outdoor Outdoor Outdoor Outdoor Outdoor Outdoor Outdoor Outdoor

Engineering and Design

Labor # of Eng./Designers people 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Labor hours hrs 4 16 24 16 32 40 4 16 24 16 32 40 24 32 40 24 40 60 32 40 60 40 80 120

Labor Category Res. Eng Design-LowRes. Eng Design-MidRes. Eng Design-HighRes. Eng Design-LowRes. Eng Design-MidRes. Eng Design-HighRes. Eng Design-LowRes. Eng Design-MidRes. Eng Design-HighRes. Eng Design-LowRes. Eng Design-MidRes. Eng Design-HighRes. Eng Design-LowRes. Eng Design-MidRes. Eng Design-HighRes. Eng Design-LowRes. Eng Design-MidRes. Eng Design-HighRes. Eng Design-LowRes. Eng Design-MidRes. Eng Design-HighRes. Eng Design-LowRes. Eng Design-MidRes. Eng Design-High

Labor rate $/hour 82.80$          120.00$        213.60$        82.80$         120.00$       213.60$       82.80$           120.00$       213.60$       82.80$          120.00$       213.60$       82.80$         120.00$       213.60$        82.80$          120.00$        213.60$        82.80$          120.00$        213.60$         82.80$          120.00$        213.60$         

Total Labor cost $ $331 $1,920 $5,126 $1,325 $3,840 $8,544 $331 $1,920 $5,126 $1,325 $3,840 $8,544 $1,987 $3,840 $8,544 $1,987 $4,800 $12,816 $2,650 $4,800 $12,816 $3,312 $9,600 $25,632

Permits/Inspection

Permits $ -$              289$             2,218$          Low end: Zero. CA doesn't charge permit fees.  Mid: simple/streamlined/routine fee, Ann Arundel County rates for simple installation High end: CA AQMD Schedule B fees for generators.-$             289$             2,218$          Low end: Zero. CA doesn't charge permit fees.  Mid: simple/streamlined/routine fee, Ann Arundel County rates for simple installation High end: CA AQMD Schedule B fees for generators.-$               289$             2,218$         Low end: Zero. CA doesn't charge permit fees.  Mid: simple/streamlined/routine fee, Ann Arundel County rates for simple installation High end: CA AQMD Schedule B fees for generators.-$              289$             2,218$         -$             289$             2,218$          Low end: Zero. CA doesn't charge permit fees.  Mid: simple/streamlined/routine fee, Ann Arundel County rates for simple installation High end: CA AQMD Schedule B fees for generators.-$              289$             2,218$           -$              2,218$          24,000$         Low end: Zero. CA doesn't charge permit fees.  Mid: simple/streamlined/routine fee, Ann Arundel County rates for simple installation High end: CA AQMD Schedule B fees for generators.-$              2,218$          24,000$         

Inspection $ -$              50$                500$             Low: $0 becaues inspection included in Permit fees.      Mid:  $50 Eng. Est. High end: $500 Eng. Est.-$             500$             500$             Low: $0 becaues inspection included in Permit fees.      Mid:  $50 Eng. Est. High end: $500 Eng. Est.-$               50$               500$             Low: $0 becaues inspection included in Permit fees.      Mid:  $50 Eng. Est. High end: $500 Eng. Est.-$              500$             500$             -$             50$               500$              Low: $0 becaues inspection included in Permit fees.      Mid:  $50 Eng. Est. High end: $500 Eng. Est.-$              500$             500$              -$              50$                500$               Low: $0 becaues inspection included in Permit fees.      Mid:  $50 Eng. Est. High end: $500 Eng. Est.-$              500$             500$               

Permits/Inspection Total $ $0 $339 $2,718 $0 $789 $2,718 $0 $339 $2,718 $0 $789 $2,718 $0 $339 $2,718 $0 $789 $2,718 $0 $2,268 $24,500 $0 $2,718 $24,500

Indoor Site Prep Includes: Defined as cleaning out the site, removing old equipment, putting in a foundation, and drainage capability. 

Interior Site Specs.

Length m 0.80 1.00 1.20 0.80 1.00 1.20 1.20 1.50 1.80 1.20 1.50 1.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Width m 0.60 0.75 0.90 0.60 0.75 0.90 1.00 1.25 1.50 1.00 1.25 1.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Thickness m 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total Area m2 0.48 0.75 1.08 0.48 0.75 1.08 1.20 1.88 2.70 1.20 1.88 2.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total CY CY 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Labor for cleaning up Interior space

Labor # of laborers people 1 1 1 1 2 2 1 1 1 1 2 2 1 1 1 1 2 2 1 1 1 2 2 2

Time to Install hrs/person 0 0.5 1 4 16 16 0 0.5 1 4 16 16 0 0.5 1 1 2 4 Not much interior space to clean up.0 2 8 4 8 16

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$         41.65$          74.14$          28.74$           41.65$         74.14$         28.74$          41.65$          74.14$         34.62$         50.17$         89.30$          34.62$          50.17$          89.30$           34.62$          50.17$          89.30$           34.62$          50.17$          89.30$            

Man-hours MH 0.00 0.50 1.00 4.00 32.00 32.00 0.00 0.50 1.00 4.00 32.00 32.00 0.00 0.50 1.00 1.00 4.00 8.00 0.00 2.00 8.00 8.00 16.00 32.00

Total Labor cost $ $0 $21 $74 $115 $1,333 $2,372 $0 $21 $74 $115 $1,333 $2,372 $0 $25 $89 $35 $201 $714 $0 $100 $714 $277 $803 $2,858

Pouring Interior Concrete Pad

Base Concrete Pad Cost per CY $/CY 606.00$        606.00$        606.00$        606.00$       606.00$       606.00$       606.00$         606.00$       606.00$       606.00$        606.00$       606.00$       606.00$       606.00$       606.00$        606.00$        606.00$        606.00$        606.00$        606.00$        606.00$         606.00$        606.00$        606.00$         

Adjustment Factor Factor 1.15 1.2 1.25 Construction, pg 4, plus 15-25% for congested workspace.1.15 1.2 1.25 1.15 1.2 1.25 Construction, pg 4, plus 15-25% for congested workspace.1.15 1.2 1.25 1.15 1.2 1.25 Construction, pg 4, plus 15-25% for congested workspace.1.15 1.2 1.25 1.15 1.2 1.25 Construction, pg 4, plus 15-25% for congested workspace.1.15 1.2 1.25

Min Cost (4 hours, 2 guys, at $40/h) $ 368.00$        384.00$        400.00$        368.00$       384.00$       400.00$       368.00$         384.00$       400.00$       368.00$        384.00$       400.00$       368.00$       384.00$       400.00$        368.00$        384.00$        400.00$        368.00$        384.00$        400.00$         368.00$        384.00$        400.00$         

Est.Man-hours MH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total slab cost (incl. labor, materials, etc.) $ -$               -$               -$               -$              -$              -$              -$                -$              -$              -$               -$              -$              -$              -$              -$               -$               -$               -$               -$               -$               -$                -$               -$               -$                

Base Electrical System

 

Equipment/Material Purchase Price

Panel Board

Expect. Volts V 22.7 22.7 22.7 Based on FC gross power ratioed to a 90kWgross auto stack with 7 63cells, parastics at 25% of net power, assumes 0.95v/cell OCV, cells half as large as auto FCS.22.7 22.7 22.7 113.3 113.3 113.3 Based on FC gross power ratioed to a 90kWgross auto stack with 7 63cells, parastics at 25% of net power, assumes 0.95v/cell OCV, cells half as large as auto FCS.113.3 113.3 113.3 566.3 566.3 566.3 Based on FC gross power ratioed to a 90kWgross auto stack with 7 63cells, parastics at 25% of net power, assumes 0.95v/cell OCV, cells half as large as auto FCS.566.3 566.3 566.3 2265.2 2265.2 2265.2 Based on FC gross power ratioed to a 90kWgross auto stack with 7 63cells, parastics at 25% of net power, assumes 0.95v/cell OCV, cells half as large as auto FCS.2265.2 2265.2 2265.2

Expect. Amps A 74.9 74.9 74.9 Based on FC gross power and voltage at 0.7Volts/cell. Parasitics at 25% of net power.74.9 74.9 74.9 74.9 74.9 74.9 Based on FC gross power and voltage at 0.7Volts/cell. Parasitics at 25% of net power.74.9 74.9 74.9 74.9 74.9 74.9 Based on FC gross power and voltage at 0.7Volts/cell. Parasitics at 25% of net power.74.9 74.9 74.9 74.9 74.9 74.9 Based on FC gross power and voltage at 0.7Volts/cell. Parasitics at 25% of net power.74.9 74.9 74.9

Rated Volts V 110 110 110 Based on expected voltage and also expected building AC voltage.110 110 110 110 110 110 Based on expected voltage and also expected building AC voltage.110 110 110 110 110 110 Based on expected voltage and also expected building AC voltage.110 110 110 110 110 110 Based on expected voltage and also expected building AC voltage.110 110 110

Rated Amps A 150 150 150 Based on expected amps rounded up.150 150 150 150 150 150 Based on expected amps rounded up.150 150 150 150 150 150 Based on expected amps rounded up.150 150 150 150 150 150 Based on expected amps rounded up.150 150 150

Critical Load Breaker Box Capital Cost $
23.80$          23.80$          23.80$          23.80$         23.80$          23.80$          23.80$           23.80$         23.80$         23.80$          23.80$          23.80$         23.80$         23.80$         23.80$          23.80$          23.80$          23.80$           23.80$          23.80$          23.80$           23.80$          23.80$          23.80$            

Critical Load Breaker Box Multiplier
1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 3 3 3 3 3 3

Critical Load Breaker Box Capital Cost Total $
23.80$          23.80$          23.80$          23.80$         23.80$          23.80$          23.80$           23.80$         23.80$         23.80$          23.80$          23.80$         47.60$         47.60$         47.60$          47.60$          47.60$          47.60$           71.40$          71.40$          71.40$           71.40$          71.40$          71.40$            

Misc. $ 50.00$          75.00$          100.00$        50.00$         75.00$          100.00$       50.00$           75.00$         100.00$       50.00$          75.00$          100.00$       50.00$         75.00$         100.00$        50.00$          75.00$          100.00$        50.00$          75.00$          100.00$         50.00$          75.00$          100.00$         

Conditions out of Fuel Cell System

Expect. Volts V 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110

Expect. Amps A 11.36 11.36 11.36 11.36 11.36 11.36 56.82 56.82 56.82 56.82 56.82 56.82 284.09 284.09 284.09 284.09 284.09 284.09 1136.36 1136.36 1136.36 1136.36 1136.36 1136.36

Rated Volts V 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110

Rated Amps A 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30

Automatic Transfer Switch (ATS) $ 466.40$        583.00$        699.60$        Plus/Minus 20% from $583 Grainger price for 30A ATS.  http://www.grainger.com/category/generator-transfer-switches-automatic/generators/outdoor-equipment/ecatalog/N-lee#nav=%2Fcategory%2Fgenerator-transfer-switches-automatic%2Fgenerators%2Foutdoor-equipment%2Fecatalog%2FN-leeZ1z0617uZ1z0nvziZ1z0o12o%3F_%3D1384795301518466.40$       583.00$       699.60$       466.40$         583.00$       699.60$       Plus/Minus 20% from $583 Grainger price for 30A ATS.  http://www.grainger.com/category/generator-transfer-switches-automatic/generators/outdoor-equipment/ecatalog/N-lee#nav=%2Fcategory%2Fgenerator-transfer-switches-automatic%2Fgenerators%2Foutdoor-equipment%2Fecatalog%2FN-leeZ1z0617uZ1z0nvziZ1z0o12o%3F_%3D1384795301518466.40$        583.00$       699.60$       466.40$       583.00$       699.60$        Plus/Minus 20% from $583 Grainger price for 30A ATS.  http://www.grainger.com/category/generator-transfer-switches-automatic/generators/outdoor-equipment/ecatalog/N-lee#nav=%2Fcategory%2Fgenerator-transfer-switches-automatic%2Fgenerators%2Foutdoor-equipment%2Fecatalog%2FN-leeZ1z0617uZ1z0nvziZ1z0o12o%3F_%3D1384795301518466.40$        583.00$        699.60$        466.40$        583.00$        699.60$         Plus/Minus 20% from $583 Grainger price for 30A ATS.  http://www.grainger.com/category/generator-transfer-switches-automatic/generators/outdoor-equipment/ecatalog/N-lee#nav=%2Fcategory%2Fgenerator-transfer-switches-automatic%2Fgenerators%2Foutdoor-equipment%2Fecatalog%2FN-leeZ1z0617uZ1z0nvziZ1z0o12o%3F_%3D1384795301518466.40$        583.00$        699.60$         

Small Junction Box #1 $ 17.48$          21.85$          26.22$          17.48$         21.85$          26.22$          17.48$           21.85$         26.22$         17.48$          21.85$          26.22$         69.24$         86.55$         103.86$        69.24$          86.55$          103.86$        69.24$          86.55$          103.86$         69.24$          86.55$          103.86$         

Small Junction Box #2 $ 17.48$          21.85$          26.22$          17.48$         21.85$          26.22$          17.48$           21.85$         26.22$         17.48$          21.85$          26.22$         69.24$         86.55$         103.86$        69.24$          86.55$          103.86$        69.24$          86.55$          103.86$         69.24$          86.55$          103.86$         

Rough Wiring to Various Electrical Devices

Elect.Wiring:  Remote Controller to FC

Wire #1 Gauge gauge # 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG

Wire Cost $/m 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82

Wire Usage m 0.25 1 2 0.25 1 2 0.25 1 2 0.25 1 2 1 5 15 5 10 25 10 20 40 10 25 50

Wire Wastage/Overage % 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35%

Wire #1 Cost $ $0 $1 $2 $0 $1 $2 $0 $1 $2 $0 $1 $2 $1 $6 $17 $5 $11 $28 $9 $22 $44 $9 $28 $55

Time/m of electrical wire placement h/m 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087

Placement time hours 0.27 1.09 2.17 0.27 1.09 2.17 0.27 1.09 2.17 0.27 1.09 2.17 1.09 5.44 16.31 5.44 10.87 27.18 10.87 21.75 43.49 10.87 27.18 54.37

Townhouse

New construction

Fuel Cell, Electrical panel, Hot Water 

Heater, and Drain all close together in 

basement

1kW System - Difficult 5kW System - Easy 5kW System - Difficult 25kW System - Easy 100kW System - Easy 100kW System - Difficult

Townhouse

Rennovation

FC , Hot Water Heater, Drain next to each 

other.

Electrical panel in different room.

1kW System - Easy

Group-of-Homes/Business/Building

New construction

Fuel Cell outdoors on concrete pad

Fuel Cell, Electrical panel, Hot Water 

Heater, all outside, relatively close to each 

other.

Electrical, water, NG lines trenched.

Group-of-Homes/Business/Building

Rennovation construction

Fuel Cell outdoors on concrete pad.

Fuel Cell, Electrical panel, Hot Water 

Heater, all outside, spaced apart.

Electrical, water, NG lines trenched.

Townhouse/Single-Family-Home

Rennovation

FC , Hot Water Heater, Drain next to each 

other.

Electrical panel in different room.

Townhouse/Single-Family-Home

New construction

Fuel Cell, Electrical panel, Hot Water 

Heater, and Drain all close together in 

basement

Group-of-Homes/Business/Building

New construction

Fuel Cell outdoors on concrete pad

Fuel Cell, Electrical panel, Hot Water 

Heater, all outside, relatively close to 

each other.

Group-of-Homes/Business/Building

Rennovation construction

Fuel Cell outdoors on concrete pad

Fuel Cell, Electrical panel, Hot Water 

Heater, all outside, moderately spaced.

25kW System - Difficult
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Elect.Wiring:  FC to Sm Junc Bx #1

Wire #2 Gauge gauge # 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 8 AWG 8 AWG 8AWG 8 AWG 8 AWG 8 AWG 3/0 Building Wire3/0 Building Wire3/0 Building Wire 3/0 Building Wire3/0 Building Wire3/0 Building Wire 500 MCM 500 MCM 500 MCM 500 MCM 500 MCM 500 MCM

Wire Cost $/m 0.92 0.92 0.92 0.92 0.92 0.92 1.31 1.31 1.31 1.31 1.31 1.31 12.30 12.30 12.30 12.30 12.30 12.30 28.38 28.38 28.38 28.38 28.38 28.38

Wire Usage m 1 3 6 5 7 15 3 8 15 4 12 22 5 10 18 7 15 27 5 15 20 7 22 30

Wire Wastage/Overage % 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35%

Wire #2 Cost $ $1 $4 $7 $5 $9 $19 $5 $14 $27 $6 $21 $39 $71 $166 $299 $99 $249 $448 $163 $575 $766 $228 $843 $1,149

Time/m of electrical wire placement h/m 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087

Placement time hours 1.09 3.26 6.52 5.44 7.61 16.31 3.26 8.70 16.31 4.35 13.05 23.92 5.44 10.87 19.57 7.61 16.31 29.36 5.44 16.31 21.75 7.61 23.92 32.62

Elect.Wiring:  Sm Junc Bx #1 to ATS

Wire #3 Gauge gauge # 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 8 AWG 8 AWG 8AWG 8 AWG 8 AWG 8 AWG 3/0 Building Wire3/0 Building Wire3/0 Building Wire 3/0 Building Wire3/0 Building Wire3/0 Building Wire 500 MCM 500 MCM 500 MCM 500 MCM 500 MCM 500 MCM

Wire Cost $/m 0.92 0.92 0.92 0.92 0.92 0.92 1.31 1.31 1.31 1.31 1.31 1.31 12.30 12.30 12.30 12.30 12.30 12.30 28.38 28.38 28.38 28.38 28.38 28.38

Wire Usage m 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.5 0.75 1 0.5 0.75 1 0.5 0.75 1 0.5 0.75 1

Wire Wastage/Overage % 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35%

Wire #3 Cost $ 0.26$             0.31$             0.31$             0.26$            0.31$            0.31$            0.38$              0.44$            0.44$            0.38$             0.44$            0.44$            7.07$            12.46$          16.61$           7.07$             12.46$          16.61$           16.32$          28.74$          38.31$            16.32$          28.74$          38.31$            

Time/m of electrical wire placement h/m 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087

Placement time hours 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09

Elect.Wiring:   ATS to Sm Junc Bx #2

Wire #4 Gauge gauge # 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 8 AWG 8 AWG 8AWG 8 AWG 8 AWG 8 AWG 3/0 Building Wire3/0 Building Wire3/0 Building Wire 3/0 Building Wire3/0 Building Wire3/0 Building Wire 500 MCM 500 MCM 500 MCM 500 MCM 500 MCM 500 MCM

Wire Cost $/m 0.92 0.92 0.92 0.92 0.92 0.92 1.31 1.31 1.31 1.31 1.31 1.31 12.30 12.30 12.30 12.30 12.30 12.30 28.38 28.38 28.38 28.38 28.38 28.38

Wire Usage m 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.5 0.75 1 0.5 0.75 1 0.5 0.75 1 0.5 0.75 1

Wire Wastage/Overage % 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35%

Wire #4 Cost $ 0.26$             0.31$             0.31$             0.26$            0.31$            0.31$            0.38$              0.44$            0.44$            0.38$             0.44$            0.44$            7.07$            12.46$          16.61$           7.07$             12.46$          16.61$           16.32$          28.74$          38.31$            16.32$          28.74$          38.31$            

Time/m of electrical wire placement h/m 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087

Placement time hours 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09

Elect.Wiring:  Sm Junc Bx #1 to Crit. Load Breaker Box

Wire #5 Gauge gauge # 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 8 AWG 8 AWG 8AWG 8 AWG 8 AWG 8 AWG 3/0 Building Wire3/0 Building Wire3/0 Building Wire 3/0 Building Wire3/0 Building Wire3/0 Building Wire 500 MCM 500 MCM 500 MCM 500 MCM 500 MCM 500 MCM

Wire Cost $/m 0.92 0.92 0.92 0.92 0.92 0.92 1.31 1.31 1.31 1.31 1.31 1.31 12.30 12.30 12.30 12.30 12.30 12.30 28.38 28.38 28.38 28.38 28.38 28.38

Wire Usage m 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.5 0.75 1 0.5 0.75 1 0.5 0.75 1 0.5 0.75 1

Wire Wastage/Overage % 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35%

Wire #5 Cost $ 0.26$             0.31$             0.31$             0.26$            0.31$            0.31$            0.38$              0.44$            0.44$            0.38$             0.44$            0.44$            7.07$            12.46$          16.61$           7.07$             12.46$          16.61$           16.32$          28.74$          38.31$            16.32$          28.74$          38.31$            

Time/m of electrical wire placement h/m 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087

Placement time hours 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09

Elect.Wiring:  Sm Junc Bx #2 to Non- Crit. Load Breaker Box

Wire #6 Gauge gauge # 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 8 AWG 8 AWG 8AWG 8 AWG 8 AWG 8 AWG 3/0 Building Wire3/0 Building Wire3/0 Building Wire 3/0 Building Wire3/0 Building Wire3/0 Building Wire 500 MCM 500 MCM 500 MCM 500 MCM 500 MCM 500 MCM

Wire Cost $/m 0.92 0.92 0.92 0.92 0.92 0.92 1.31 1.31 1.31 1.31 1.31 1.31 12.30 12.30 12.30 12.30 12.30 12.30 28.38 28.38 28.38 28.38 28.38 28.38

Wire Usage m 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.5 0.75 1 0.5 0.75 1 0.5 0.75 1 0.5 0.75 1

Wire Wastage/Overage % 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35%

Wire #6 Cost $ 0.26$             0.31$             0.31$             0.26$            0.31$            0.31$            0.38$              0.44$            0.44$            0.38$             0.44$            0.44$            7.07$            12.46$          16.61$           7.07$             12.46$          16.61$           16.32$          28.74$          38.31$            16.32$          28.74$          38.31$            

Time/m of electrical wire placement h/m 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087

Placement time hours 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09

Elect.Wiring:  FC to Hot Water Heater

Wire #7 Gauge gauge # 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 10 AWG 8 AWG 8 AWG 8AWG 8 AWG 8 AWG 8 AWG 3/0 Building Wire3/0 Building Wire3/0 Building Wire 3/0 Building Wire3/0 Building Wire3/0 Building Wire 500 MCM 500 MCM 500 MCM 500 MCM 500 MCM 500 MCM

Wire Cost $/m 0.92 0.92 0.92 0.92 0.92 0.92 1.31 1.31 1.31 1.31 1.31 1.31 12.30 12.30 12.30 12.30 12.30 12.30 28.38 28.38 28.38 28.38 28.38 28.38

Wire Usage m 0.25 0.5 1 0.25 1 2 0.25 0.5 1 0.25 1 2 1 1.5 3 1 1.5 3 2 3 5 2 3 5

Wire Wastage/Overage % 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35%

Wire #7 Cost $ 0.26$             0.62$             1.24$             0.26$            1.24$            2.48$            0.38$              0.89$            1.77$            0.38$             1.77$            3.54$            14.15$          24.92$          49.83$           14.15$          24.92$          49.83$           65.28$          114.94$        191.57$          65.28$          114.94$        191.57$          

Time/m of electrical wire placement h/m 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087 1.087

Placement time hours 0.27 0.54 1.09 0.27 1.09 2.17 0.27 0.54 1.09 0.27 1.09 2.17 1.09 1.63 3.26 1.09 1.63 3.26 2.17 3.26 5.44 2.17 3.26 5.44

Rough Wiring Time Summary

Elect.Wiring:  FC to Sm Junc Bx #1 hours 0.27 1.09 2.17 0.27 1.09 2.17 0.27 1.09 2.17 0.27 1.09 2.17 1.09 5.44 16.31 5.44 10.87 27.18 10.87 21.75 43.49 10.87 27.18 54.37

Elect.Wiring:  Sm Junc Bx #2 to Non- Crit. Load Breaker Boxhours 1.09 3.26 6.52 5.44 7.61 16.31 3.26 8.70 16.31 4.35 13.05 23.92 5.44 10.87 19.57 7.61 16.31 29.36 5.44 16.31 21.75 7.61 23.92 32.62

Elect.Wiring:  Sm Junc Bx #1 to ATS hours 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09

Elect.Wiring:   ATS to Sm Junc Bx #2 hours 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09

Elect.Wiring:  Sm Junc Bx #1 to Crit. Load Breaker Boxhours 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09

Elect.Wiring:  Sm Junc Bx #2 to Non- Crit. Load Breaker Boxhours 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09 0.54 0.82 1.09

Summation hours 2.45 5.44 9.79 6.80 9.79 19.57 4.62 10.87 19.57 5.71 15.22 27.18 8.70 19.57 40.23 15.22 30.45 60.89 18.48 41.32 69.59 20.66 54.37 91.34

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          28.74$          41.65$          74.14$           28.74$          41.65$          74.14$           28.74$          41.65$          74.14$            28.74$          41.65$          74.14$            

Total Rough Wiring Labor cost $ $70 $226 $725 $195 $408 $1,451 $133 $453 $1,451 $164 $634 $2,015 $250 $815 $2,983 $437 $1,268 $4,514 $531 $1,721 $5,159 $594 $2,264 $6,771

Rough Wiring Material Cost Summary

Wire #1 Cost $ 0.24$          1.11$          2.22$          0.24$         1.11$         2.22$         0.24$           1.11$         2.22$         0.24$          1.11$         2.22$         0.94$         5.55$         16.64$        4.72$          11.09$       27.73$        9.45$          22.18$       44.37$         9.45$          27.73$       55.46$         

Wire #2 Cost $ 1.06$          3.72$          7.44$          5.28$         8.68$         18.60$       4.53$           14.17$       26.58$       6.04$          21.26$       38.98$       70.75$       166.10$    298.98$      99.05$       249.15$     448.47$      163.19$     574.71$     766.28$       228.46$     842.91$     1,149.42$    

Wire #3 Cost $ 0.26$          0.31$          0.31$          0.26$         0.31$         0.31$         0.38$           0.44$         0.44$         0.38$          0.44$         0.44$         7.07$         12.46$       16.61$        7.07$          12.46$       16.61$        16.32$       28.74$       38.31$         16.32$       28.74$       38.31$         

Wire #4 Cost $ 0.26$          0.31$          0.31$          0.26$         0.31$         0.31$         0.38$           0.44$         0.44$         0.38$          0.44$         0.44$         7.07$         12.46$       16.61$        7.07$          12.46$       16.61$        16.32$       28.74$       38.31$         16.32$       28.74$       38.31$         

Wire #5 Cost $ 0.26$          0.31$          0.31$          0.26$         0.31$         0.31$         0.38$           0.44$         0.44$         0.38$          0.44$         0.44$         7.07$         12.46$       16.61$        7.07$          12.46$       16.61$        16.32$       28.74$       38.31$         16.32$       28.74$       38.31$         

Wire #6 Cost $ 0.26$          0.31$          0.31$          0.26$         0.31$         0.31$         0.38$           0.44$         0.44$         0.38$          0.44$         0.44$         7.07$         12.46$       16.61$        7.07$          12.46$       16.61$        16.32$       28.74$       38.31$         16.32$       28.74$       38.31$         

Total Rough Wiring Mat. Cost $ 2.35$             6.07$             10.90$          6.58$            11.03$          22.06$          6.27$              17.05$          30.57$          7.78$             24.14$          42.97$          99.99$          221.48$       382.06$         132.07$        310.07$        542.64$         237.91$        711.83$        963.90$          303.19$        985.58$        1,358.13$       

Incidentals as % of equip. Capital cost % 5% 20% 25% 5% 20% 25% 5% 20% 25% 5% 20% 25% 5% 20% 25% 5% 20% 25% 5% 20% 25% 5% 20% 25%

Incidentals $ $27 $137 $208 $27 $138 $211 $27 $139 $213 $27 $141 $216 $32 $175 $291 $33 $193 $331 $38 $265 $420 $41 $320 $519
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Elect. Component Installation/Placement (including finish wiring)

Critical Load Circuit Breaker Box

     Circuit Breaker Box Panel Installation Time hrs 0.2 0.3 0.3 0.2 0.3 0.3 0.2 0.3 0.3 0.2 0.3 0.3 0.4 0.5 0.5 0.4 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6

Number of 1-Pole Breakers # 20 20 20 20 20 20 30 30 30 30 30 30 35 35 35 35 35 35 40 40 40 40 40 40

Number of 2-Pole Breakers # 1 1 1 1 1 1 2 2 2 2 2 2 4 4 4 4 4 4 4 4 4 4 4 4

Installation Labor (1 Pole) hrs/breaker 0.1 0.1 0.1 0.1 0.105 0.12075 0.1 0.1 0.1 0.1 0.105 0.12075 0.1 0.1 0.1 0.1 0.105 0.12075 0.1 0.1 0.1 0.1 0.105 0.12075

Installation Labor (2 Pole) hrs/breaker 0.15 0.15 0.15 0.15 0.1575 0.1725 0.15 0.15 0.15 0.15 0.1575 0.1725 0.15 0.15 0.15 0.15 0.1575 0.1725 0.15 0.15 0.15 0.15 0.1575 0.1725

Total Installation Labor hrs 2.15 2.15 2.15 2.15 2.2575 2.5875 3.3 3.3 3.3 3.3 3.465 3.9675 4.1 4.1 4.1 4.1 4.305 4.91625 4.6 4.6 4.6 4.6 4.83 5.52

Installation Materials (1 Pole) $ 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80 18.80

Installation Materials (2 Pole) $ 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16 39.16

Automatic Transfer Switch

Installation Labor hrs 0.5 0.5 0.5 0.5 0.6 0.7 0.5 0.5 0.5 0.5 0.6 0.7 0.5 0.5 0.5 0.5 0.75 1 0.5 0.5 0.5 0.5 0.75 1

Installation Materials $ 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00

Small Junction Box #1

Installation Labor hrs 0.4 0.4 0.4 0.4 0.45 0.5 0.4 0.4 0.4 0.4 0.45 0.5 0.45 0.45 0.5 0.5 0.6 0.75 0.6 0.75 0.75 0.6 0.75 1

Installation Materials $ 17.48 21.85 26.22 17.48 21.85 26.22 17.48 21.85 26.22 17.48 21.85 26.22 69.24 86.55 103.86 69.24 86.55 103.86 69.24 86.55 103.86 69.24 86.55 103.86

Small Junction Box #2

Installation Labor hrs 0.4 0.4 0.4 0.4 0.45 0.5 0.4 0.4 0.4 0.4 0.45 0.5 0.45 0.45 0.5 0.5 0.6 0.75 0.6 0.75 0.75 0.6 0.75 1

Installation Materials $ 17.48 21.85 26.22 17.48 21.85 26.22 17.48 21.85 26.22 17.48 21.85 26.22 69.24 86.55 103.86 69.24 86.55 103.86 69.24 86.55 103.86 69.24 86.55 103.86

Electrical System Inspection hrs 0.50 1.00 2.00 0.50 1.00 2.00 0.50 1.00 2.00 0.50 1.00 2.00 1.00 2.00 4.00 1.00 2.00 4.00 1.00 2.00 4.00 1.00 2.00 4.00

 Total Time to Install MH 4.15 4.75 5.75 4.15 5.06 6.59 5.30 5.90 6.90 5.30 6.27 7.97 6.90 8.00 10.10 7.00 8.76 11.92 7.90 9.20 11.20 7.90 9.68 13.12

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom. Electrician- LowCom. Electrician-MidCom. Electrician-HighCom. Electrician- LowCom. Electrician-MidCom. Electrician-HighCom. Electrician- LowCom. Electrician-MidCom. Electrician-HighCom. Electrician- LowCom. Electrician-MidCom. Electrician-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          40.21$          58.28$          103.74$         40.21$          58.28$          103.74$         40.21$          58.28$          103.74$          40.21$          58.28$          103.74$          

Total Labor cost $ $119 $198 $426 $119 $211 $488 $152 $246 $512 $152 $261 $591 $277 $466 $1,048 $281 $510 $1,236 $318 $536 $1,162 $318 $564 $1,361

Total Materials $ 94.12$          102.86$        111.60$        94.12$          102.86$        111.60$        94.12$            102.86$       111.60$        94.12$           102.86$        111.60$       197.64$       232.26$       266.88$         197.64$        232.26$        266.88$         197.64$        232.26$        266.88$          197.64$        232.26$        266.88$          

Trenching Specifications (part of base electrical system)

Is Trenching required/appropriate? Yes or No No No No No No No No No No No No No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Length m 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 9.5 18.0 3.0 9.5 18.0 6.0 13.0 25.0 7.0 18.0 35.0

Width m 0.30 0.30 0.30 Needs to be width of digging device (12" backhoe bucket assumed)0.30 0.30 0.30 0.30 0.30 0.30 Needs to be width of digging device (12" backhoe bucket assumed)0.30 0.30 0.30 0.30 0.30 0.30 Needs to be width of digging device (12" backhoe bucket assumed)0.30 0.30 0.30 0.30 0.30 0.30 Needs to be width of digging device (12" backhoe bucket assumed)0.30 0.30 0.30

Depth m 1.00 1.00 1.00 Needs to be below frostline (>36inches) (1m depth assumed)1.00 1.00 1.00 1.00 1.00 1.00 Needs to be below frostline (>36inches) (1m depth assumed)1.00 1.00 1.00 1.00 1.00 1.00 Needs to be below frostline (>36inches) (1m depth assumed)1.00 1.00 1.00 1.00 1.00 1.00 Needs to be below frostline (>36inches) (1m depth assumed)1.00 1.00 1.00

Total Area m2 0 0 0 0 0 0 0 0 0 0 0 0 0.91435538 2.8954587 5.486132277 0.9143553792.895458702 5.486132277 1.8287107593.962206644 7.619628162 2.1334958855.486132277 10.66747943

Total Volume CY 0 0 0 0 0 0 0 0 0 0 0 0 1.19610678 3.78767146 7.176640667 1.1961067783.787671463 7.176640667 2.392213556 5.18312937 9.967556481 2.7909158157.176640667 13.95457907

Trenching 8.466253513

Type Wheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deepWheel Loader, 12" wide bucket, 3' to 5' deep

Trenching Time per meter h/m 0.12 0.12 0.12 pg 136, Craftsman Construction Estimator, Wheel loader, 12" bucket, med soil, 55 LF/h, B8@0.036/LF, 1.26/LF labor, $0.94/LF equip.0.12 0.12 0.12 pg 136, Craftsman Construction Estimator, Wheel loader, 12" bucket, med soil, 55 LF/h, B8@0.036/LF, 1.26/LF labor, $0.94/LF equip.0.12 0.12 0.12 pg 136, Craftsman Construction Estimator, Wheel loader, 12" bucket, med soil, 55 LF/h, B8@0.036/LF, 1.26/LF labor, $0.94/LF equip.0.12 0.12 0.12 0.12 0.12 0.12 pg 136, Craftsman Construction Estimator, Wheel loader, 12" bucket, med soil, 55 LF/h, B8@0.036/LF, 1.26/LF labor, $0.94/LF equip.0.06 0.06 0.06 0.12 0.12 0.12 pg 136, Craftsman Construction Estimator, Wheel loader, 12" bucket, med soil, 55 LF/h, B8@0.036/LF, 1.26/LF labor, $0.94/LF equip.0.06 0.06 0.06

Equip. Rental per meter $/m 3.08 3.08 3.08 pg 136, Craftsman Construction Estimator, Wheel loader, 12" bucket, med soil, 55 LF/h, B8@0.036/LF, 1.26/LF labor, $0.94/LF equip.3.08 3.08 3.08 pg 136, Craftsman Construction Estimator, Wheel loader, 12" bucket, med soil, 55 LF/h, B8@0.036/LF, 1.26/LF labor, $0.94/LF equip.3.08 3.08 3.08 pg 136, Craftsman Construction Estimator, Wheel loader, 12" bucket, med soil, 55 LF/h, B8@0.036/LF, 1.26/LF labor, $0.94/LF equip.3.08 3.08 3.08 3.08 3.08 3.08 pg 136, Craftsman Construction Estimator, Wheel loader, 12" bucket, med soil, 55 LF/h, B8@0.036/LF, 1.26/LF labor, $0.94/LF equip.3.08 3.08 3.08 3.08 3.08 3.08 pg 136, Craftsman Construction Estimator, Wheel loader, 12" bucket, med soil, 55 LF/h, B8@0.036/LF, 1.26/LF labor, $0.94/LF equip.3.08 3.08 3.08

Meters of Trench m 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.00 9.50 18.00 3.00 9.50 18.00 6.00 13.00 25.00 7.00 18.00 35.00

Preparation/Clean-up h 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00

Total Time h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.85 1.87 3.13 0.68 1.31 2.06 1.21 2.29 3.95 0.91 1.81 3.07

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          34.62$          50.17$          89.30$           34.62$          50.17$          89.30$           34.62$          50.17$          89.30$            34.62$          50.17$          89.30$            

Labor Cost $ -$               -$               -$               -$              -$              -$              -$                -$              -$              -$               -$              -$              29.58$          93.92$          279.17$         23.44$          65.78$          184.24$         41.84$          114.66$        353.00$          31.62$          90.96$          273.89$          

Equip. Rental Cost $ -$               -$               -$               -$              -$              -$              -$                -$              -$              -$               -$              -$              9.25$            29.30$          55.51$           9.25$             29.30$          55.51$           18.50$          40.09$          77.10$            21.59$          55.51$          107.94$          

Backfill

Type Front-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HPFront-End Loader, 60 HP

Backfill Time per CY h/CY 0.04 0.04 0.04 pg 136, Craftsman Construction Estimator, fontrend loader 60HP, B8@0.04/CY, $1.4/CY labor, $0.83/CY equip. 0.04 0.04 0.04 pg 136, Craftsman Construction Estimator, fontrend loader 60HP, B8@0.04/CY, $1.4/CY labor, $0.83/CY equip. 0.04 0.04 0.04 pg 136, Craftsman Construction Estimator, fontrend loader 60HP, B8@0.04/CY, $1.4/CY labor, $0.83/CY equip. 0.04 0.04 0.04 pg 136, Craftsman Construction Estimator, fontrend loader 60HP, B8@0.04/CY, $1.4/CY labor, $0.83/CY equip. 0.04 0.04 0.04 pg 136, Craftsman Construction Estimator, fontrend loader 60HP, B8@0.04/CY, $1.4/CY labor, $0.83/CY equip. 0.04 0.04 0.04 pg 136, Craftsman Construction Estimator, fontrend loader 60HP, B8@0.04/CY, $1.4/CY labor, $0.83/CY equip. 0.04 0.04 0.04 pg 136, Craftsman Construction Estimator, fontrend loader 60HP, B8@0.04/CY, $1.4/CY labor, $0.83/CY equip. 0.04 0.04 0.04

Cubic Yards CY 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.20 3.79 7.18 1.20 3.79 7.18 2.39 5.18 9.97 2.79 7.18 13.95

Preparation/Clean-up h 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00

Equip. Rental per CY $/CY 0.83 0.83 0.83 pg 136, Craftsman Construction Estimator, fontrend loader 60HP, B8@0.04/CY, $1.4/CY labor, $0.83/CY equip. 0.83 0.83 0.83 pg 136, Craftsman Construction Estimator, fontrend loader 60HP, B8@0.04/CY, $1.4/CY labor, $0.83/CY equip. 0.83 0.83 0.83 pg 136, Craftsman Construction Estimator, fontrend loader 60HP, B8@0.04/CY, $1.4/CY labor, $0.83/CY equip. 0.83 0.83 0.83 pg 136, Craftsman Construction Estimator, fontrend loader 60HP, B8@0.04/CY, $1.4/CY labor, $0.83/CY equip. 0.83 0.83 0.83 pg 136, Craftsman Construction Estimator, fontrend loader 60HP, B8@0.04/CY, $1.4/CY labor, $0.83/CY equip. 0.83 0.83 0.83 pg 136, Craftsman Construction Estimator, fontrend loader 60HP, B8@0.04/CY, $1.4/CY labor, $0.83/CY equip. 0.83 0.83 0.83 pg 136, Craftsman Construction Estimator, fontrend loader 60HP, B8@0.04/CY, $1.4/CY labor, $0.83/CY equip. 0.83 0.83 0.83

Equip. Rental cost per hour $/h 20.75$          20.75$          20.75$          20.75$          20.75$          20.75$          20.75$            20.75$          20.75$          20.75$           20.75$          20.75$          20.75$          20.75$          20.75$           20.75$          20.75$          20.75$           20.75$          20.75$          20.75$            20.75$          20.75$          20.75$            

Min Rental Time hrs 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          34.62$          50.17$          89.30$           34.62$          50.17$          89.30$           34.62$          50.17$          89.30$            34.62$          50.17$          89.30$            

Total Man-hours MH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.90 1.29 0.55 0.90 1.29 0.60 0.96 1.40 0.61 1.04 1.56

Labor Cost $ -$               -$               -$               -$              -$              -$              -$                -$              -$              -$               -$              -$              18.96$          45.23$          114.94$         18.96$          45.23$          114.94$         20.62$          48.03$          124.91$          21.17$          52.03$          139.15$          

Equip. Rental Cost $ -$               -$               -$               -$              -$              -$              -$                -$              -$              -$               -$              -$              166.00$       166.00$       166.00$         166.00$        166.00$        166.00$         166.00$        166.00$        166.00$          166.00$        166.00$        166.00$          

Compaction

Type Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"Vibrating rammers, 8" layers, gas powered "Jumping Jack"

Compaction Time per CY h/CY 0.10 0.10 0.10 pg 136, Craftsman Construction Estimator, vibrating rammer, 8" layers, gas powered "Jumping Jack", B8@0.10/CY, $2.91/CY labor, $0.96/CY equip. 0.10 0.10 0.10 pg 136, Craftsman Construction Estimator, vibrating rammer, 8" layers, gas powered "Jumping Jack", B8@0.10/CY, $2.91/CY labor, $0.96/CY equip. 0.10 0.10 0.10 pg 136, Craftsman Construction Estimator, vibrating rammer, 8" layers, gas powered "Jumping Jack", B8@0.10/CY, $2.91/CY labor, $0.96/CY equip. 0.10 0.10 0.10 pg 136, Craftsman Construction Estimator, vibrating rammer, 8" layers, gas powered "Jumping Jack", B8@0.10/CY, $2.91/CY labor, $0.96/CY equip. 0.10 0.10 0.10 pg 136, Craftsman Construction Estimator, vibrating rammer, 8" layers, gas powered "Jumping Jack", B8@0.10/CY, $2.91/CY labor, $0.96/CY equip. 0.10 0.10 0.10 pg 136, Craftsman Construction Estimator, vibrating rammer, 8" layers, gas powered "Jumping Jack", B8@0.10/CY, $2.91/CY labor, $0.96/CY equip. 0.10 0.10 0.10 pg 136, Craftsman Construction Estimator, vibrating rammer, 8" layers, gas powered "Jumping Jack", B8@0.10/CY, $2.91/CY labor, $0.96/CY equip. 0.10 0.10 0.10

Preparation/Clean-up h 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00

Equip. Rental per CY $/CY 0.96 0.96 0.96 pg 136, Craftsman Construction Estimator, vibrating rammer, 8" layers, gas powered "Jumping Jack", B8@0.10/CY, $2.91/CY labor, $0.96/CY equip. 0.96 0.96 0.96 pg 136, Craftsman Construction Estimator, vibrating rammer, 8" layers, gas powered "Jumping Jack", B8@0.10/CY, $2.91/CY labor, $0.96/CY equip. 0.96 0.96 0.96 pg 136, Craftsman Construction Estimator, vibrating rammer, 8" layers, gas powered "Jumping Jack", B8@0.10/CY, $2.91/CY labor, $0.96/CY equip. 0.96 0.96 0.96 pg 136, Craftsman Construction Estimator, vibrating rammer, 8" layers, gas powered "Jumping Jack", B8@0.10/CY, $2.91/CY labor, $0.96/CY equip. 0.96 0.96 0.96 pg 136, Craftsman Construction Estimator, vibrating rammer, 8" layers, gas powered "Jumping Jack", B8@0.10/CY, $2.91/CY labor, $0.96/CY equip. 0.96 0.96 0.96 pg 136, Craftsman Construction Estimator, vibrating rammer, 8" layers, gas powered "Jumping Jack", B8@0.10/CY, $2.91/CY labor, $0.96/CY equip. 0.96 0.96 0.96 pg 136, Craftsman Construction Estimator, vibrating rammer, 8" layers, gas powered "Jumping Jack", B8@0.10/CY, $2.91/CY labor, $0.96/CY equip. 0.96 0.96 0.96

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          34.62$          50.17$          89.30$           34.62$          50.17$          89.30$           34.62$          50.17$          89.30$            34.62$          50.17$          89.30$            

Total Man-hours MH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.62 1.13 1.72 0.62 1.13 1.72 0.74 1.27 2.00 0.78 1.47 2.40

Labor Cost $ -$               -$               -$               -$              -$              -$              -$                -$              -$              -$               -$              -$              21.45$          56.63$          153.39$         21.45$          56.63$          153.39$         25.59$          63.63$          178.32$          26.97$          73.63$          213.92$          

Equip. Rental Cost $ -$               -$               -$               -$              -$              -$              -$                -$              -$              -$               -$              -$              1.15$            3.64$            6.89$             1.15$             3.64$             6.89$             2.30$             4.98$             9.57$              2.68$             6.89$             13.40$            

2.54$             0.79$             

Auxilliary Electrical System

Labor (for Aux. services)

# of laborers people 0 0 0 1 1 1 0 0 0 1 1 1 0 0 0 1 1 1 1 1 1 2 2 2

Time to Install per worker hrs/worker 0 0 0 4 6 8 0 0 0 4 6 8 0 0 0 4 6 8 4 6 8 4 6 8

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom. Electrician- LowCom. Electrician-MidCom. Electrician-HighCom. Electrician- LowCom. Electrician-MidCom. Electrician-HighCom. Electrician- LowCom. Electrician-MidCom. Electrician-HighCom. Electrician- LowCom. Electrician-MidCom. Electrician-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          40.21$          58.28$          103.74$         40.21$          58.28$          103.74$         40.21$          58.28$          103.74$          40.21$          58.28$          103.74$          

Total Man-hours MH 0.00 0.00 0.00 4.00 6.00 8.00 0.00 0.00 0.00 4.00 6.00 8.00 0.00 0.00 0.00 4.00 6.00 8.00 4.00 6.00 8.00 8.00 12.00 16.00

Total Labor cost $ -$               -$               -$               115$             250$              593$              -$                -$              -$              115$              250$              593$             -$              -$              -$               161$              350$              830$               161$              350$              830$               322$              699$              1,660$            

Equipment/Materials

Hot Water Heater $ 190.00$        380.00$        760.00$        2015 Home Improvement Craftsman Book, pg 404: Gas Water Heaters "40-gallon gas-fired water heater" "Craft@Hrs","Unit","Material","Labor","Total" "40-gallon gas-fired water heater. 6-year warranty. Flammable Vapor Ignition Resistant (FVIR). Includes pipe connection labor. Add for flue, water and gas pipe, fitting materials and gas permit costs if required."  36,000 Btu P1@2.75 Ea 380.00 98.09 478.09190.00$       380.00$       760.00$       2015 Home Improvement Craftsman Book, pg 404: Gas Water Heaters "40-gallon gas-fired water heater" "Craft@Hrs","Unit","Material","Labor","Total" "40-gallon gas-fired water heater. 6-year warranty. Flammable Vapor Ignition Resistant (FVIR). Includes pipe connection labor. Add for flue, water and gas pipe, fitting materials and gas permit costs if required."  36,000 Btu P1@2.75 Ea 380.00 98.09 478.09285.00$         570.00$       1,140.00$    2015 Home Improvement Craftsman Book, pg 404: Gas Water HeatersGas Water Heaters "50-gallon gas-fired water heater" "Craft@Hrs","Unit","Material","Labor","Total" "50-gallon gas-fired water heater. 6-year warranty. Add for flue, water and gas pipe, fitting materials and gas permit costs if required."  40,000 Btu P1@2.75 Ea 570.00 98.09 668.09  285.00$        570.00$       1,140.00$   2015 Home Improvement Craftsman Book, pg 404: Gas Water HeatersGas Water Heaters "50-gallon gas-fired water heater" "Craft@Hrs","Unit","Material","Labor","Total" "50-gallon gas-fired water heater. 6-year warranty. Add for flue, water and gas pipe, fitting materials and gas permit costs if required."  40,000 Btu P1@2.75 Ea 570.00 98.09 668.09  453.00$       906.00$       1,812.00$     2015 Construction Estimator Craftsman Book, pg 530: 98MTU Gas fired Hot Water Heater, Standard efficiency, 50 gal, $906453.00$        906.00$        1,812.00$     2015 Construction Estimator Craftsman Book, pg 530: 98MTU Gas fired Hot Water Heater, Standard efficiency, 50 gal, $9063,050.00$    6,100.00$    12,200.00$   2015 Construction Estimator Craftsman Book, pg 530: 300MTU Gas fired Hot Water Heater, Standard efficiency, 91 gal, $30503,050.00$    6,100.00$    12,200.00$    

Hot Water Re-circulation Pump $ 90.53$          106.50$        122.48$        90.53$         106.50$       122.48$       90.53$           106.50$       122.48$       90.53$          106.50$       122.48$       90.53$         106.50$       122.48$        90.53$          106.50$        122.48$        181.05$        213.00$        244.95$         181.05$        213.00$        244.95$         

Component #3 $ -$              -$              -$              -$             -$              -$              -$               -$             -$              -$              -$              -$             -$             -$             -$               -$              -$              -$               -$              -$              -$                -$              -$              -$                

Component #1 $ -$              -$              -$              -$             -$              -$              -$               -$             -$              -$              -$              -$             -$             -$             -$               -$              -$              -$               -$              -$              -$                -$              -$              -$                

Component #2 $ -$              -$              -$              -$             -$              -$              -$               -$             -$              -$              -$              -$             -$             -$             -$               -$              -$              -$               -$              -$              -$                -$              -$              -$                

Component #3 $ -$              -$              -$              -$             -$              -$              -$               -$             -$              -$              -$              -$             -$             -$             -$               -$              -$              -$               -$              -$              -$                -$              -$              -$                

Total Equip./Materials $ 280.53$        486.50$        882.48$        280.53$       486.50$       882.48$       375.53$         676.50$       1,262.48$    375.53$        676.50$       1,262.48$   543.53$       1,012.50$   1,934.48$     543.53$        1,012.50$    1,934.48$     3,231.05$    6,313.00$    12,444.95$   3,231.05$    6,313.00$    12,444.95$    

Base Mechanical Work Includes:  Mechanical & Piping Systems (External to the FCS) for unit connection, drain piping, etc.  Main piping cost: (1) interconnection between fuel cell unit and heat exchanger unit and (2) drainage cost if a condensing boiler used.  Piping for cold water input, hot water output, natural gas line, etc.

Labor (exclusive of Drywall/interior-repair/plumb./trenching/cement-work) 

# of laborers people 1 2 2 1 2 2 1 2 2 1 2 2 1 1 1 1 1 1 2 2 2 2 2 2

Time to Install per worker hrs/workder 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 2 4 6 0 1 2 2 4 6

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          34.62$          50.17$          89.30$           34.62$          50.17$          89.30$           34.62$          50.17$          89.30$            34.62$          50.17$          89.30$            

Total Man-hours MH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 2.00 2.00 4.00 6.00 0.00 2.00 4.00 4.00 8.00 12.00

Total Labor cost (exclusive of drywall repair) $ -$               -$               -$               -$              -$              -$              -$                -$              -$              -$               -$              -$              -$              50$               179$              69$                201$              536$               -$               100$              357$               138$              401$              1,072$            
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Drywall Repair (not including painting)

Is Drywall Repair Needed? Yes or No No No No Yes Yes Yes No No No Yes Yes Yes No No No No No No No No No No No No
# of laborers people 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

% of L3 Distance for which drywall repair is needed % 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75%

Length of drywall to be repaired m 0 0 0 3.75 5.25 11.25 0 0 0 3 9 16.5 0 0 0 0 0 0 0 0 0 0 0 0

hour/m for drywall repair hr/m 1.059763 1.059763 1.059763 0.323 h/LF for drywall repair, from pg 531 Home Repair Estimator. Also $2.04/LF for materials.1.059763 1.059763 1.059763 1.059763 1.059763 1.059763 0.323 h/LF for drywall repair, from pg 531 Home Repair Estimator. Also $2.04/LF for materials.1.059763 1.059763 1.059763 1.059763 1.059763 1.059763 0.323 h/LF for drywall repair, from pg 531 Home Repair Estimator. Also $2.04/LF for materials.1.059763 1.059763 1.059763 1.059763 1.059763 1.059763 0.323 h/LF for drywall repair, from pg 531 Home Repair Estimator. Also $2.04/LF for materials.1.059763 1.059763 1.059763

Preparation/Clean-up h 1.00 1.50 2.00 1.00 1.50 2.00 1.00 1.50 2.00 1.00 1.50 2.00 1.00 1.50 2.00 1.00 1.50 2.00 1.00 1.50 2.00 1.00 1.50 2.00

Time for drywall repair MH 0 0 0 4.97411125 7.06375575 13.9223338 0 0 0 4.179289 11.037867 19.4860895 0 0 0 0 0 0 0 0 0 0 0 0

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom. DryWall Install-LowCom. DryWall Install-MidCom. DryWall Install-HighCom. DryWall Install-LowCom. DryWall Install-MidCom. DryWall Install-HighCom. DryWall Install-LowCom. DryWall Install-MidCom. DryWall Install-HighCom. DryWall Install-LowCom. DryWall Install-MidCom. DryWall Install-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          31.16$          45.16$          80.38$           31.16$          45.16$          80.38$           31.16$          45.16$          80.38$            31.16$          45.16$          80.38$            

Total Labor cost (for drywall repair) $ -$               -$               -$               143$             294$              1,032$          -$                -$              -$              120$              460$              1,445$          -$              -$              -$               -$               -$               -$               -$               -$               -$                -$               -$               -$                

Materials cost per m of repair

$/m
5.35$            6.69$            8.03$            

0.323 h/LF for drywall repair, from pg 531 Home Repair Estimator. Also $2.04/LF for materials.
5.35$           6.69$            8.03$            5.35$             6.69$           8.03$            

0.323 h/LF for drywall repair, from pg 531 Home Repair Estimator. Also $2.04/LF for materials.
5.35$            6.69$            8.03$           5.35$           6.69$           8.03$             

0.323 h/LF for drywall repair, from pg 531 Home Repair Estimator. Also $2.04/LF for materials.
5.35$            6.69$            8.03$             5.35$            6.69$            8.03$              

0.323 h/LF for drywall repair, from pg 531 Home Repair Estimator. Also $2.04/LF for materials.
5.35$            6.69$            8.03$              

Materials cost $ -$               -$               -$               20$               35$                90$                -$                -$              -$              16$                60$                133$             -$              -$              -$               -$               -$               -$               -$               -$               -$                -$               -$               -$                

Painting (of drywall)

# of laborers people 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Length of drywall to be repaired m 0 0 0 3.75 5.25 11.25 0 0 0 3 9 16.5 0 0 0 0 0 0 0 0 0 0 0 0

m2 of painting per m of drywall m2/m 0.8 1 1.5 0.8 1 1.5 0.8 1 1.5 0.8 1 1.5 0.8 1 1.5 0.8 1 1.5 0.8 1 1.5 0.8 1 1.5

Painting Set-Up Time hr 0.5 1 1.5 1 1.5 2 Times for painting were unrealistically low. So a notional set up time was added to reflect impact of small jobs.0.5 1 1.5 1 1.5 2 Times for painting were unrealistically low. So a notional set up time was added to reflect impact of small jobs.0.5 1 1.5 1 1.5 2 Times for painting were unrealistically low. So a notional set up time was added to reflect impact of small jobs.0.5 1 1.5 1 1.5 2

Hours of painting per m2 hr/m2 0.0292 0.0401 0.0646See details on Loaded Labor Rate Calcs Tab for painting MH/m2 and Gal/m2.0.0292 0.0401 0.0646See details on Loaded Labor Rate Calcs Tab for painting MH/m2 and Gal/m2.0.0292 0.0401 0.0646See details on Loaded Labor Rate Calcs Tab for painting MH/m2 and Gal/m2.0.0292 0.0401 0.0646See details on Loaded Labor Rate Calcs Tab for painting MH/m2 and Gal/m2.0.0292 0.0401 0.0646See details on Loaded Labor Rate Calcs Tab for painting MH/m2 and Gal/m2.0.0292 0.0401 0.0646See details on Loaded Labor Rate Calcs Tab for painting MH/m2 and Gal/m2.0.0292 0.0401 0.0646See details on Loaded Labor Rate Calcs Tab for painting MH/m2 and Gal/m2.0.0292 0.0401 0.0646

Preparation/Clean-up h 0.50 1.00 1.25 0.50 1.00 1.25 0.50 1.00 1.25 0.50 1.00 1.25 0.50 1.00 1.25 0.50 1.00 1.25 0.50 1.00 1.25 0.50 1.00 1.25

Total Time for painting MH 0 0 0 1.08760451 1.71055147 3.0899523 0 0 0 1.070083608 1.86094538 3.59859671 0 0 0 0 0 0 0 0 0 0 0 0

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom. Painter- LowCom. Painter-MidCom. Painter-HighCom. Painter- LowCom. Painter-MidCom. Painter-HighCom. Painter- LowCom. Painter-MidCom. Painter-High Com. Painter- LowCom. Painter-MidCom. Painter-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          35.47$          51.40$          91.49$           35.47$          51.40$          91.49$           35.47$          51.40$          91.49$            35.47$          51.40$          91.49$            

Total Labor cost (for painting) $ 0 0 0 45.6253722 112.894469 321.751044 0 0 0 45.12184777 119.158375 359.460414 0 0 0 0 0 0 0 0 0 0 0 0

Paint cost per Gal $/Gal 33$                37$                40$                33$               37$               40$               See details on Loaded Labor Rate Calcs Tab for painting MH/m2 and Gal/m2.33$                 37$               40$               33$                37$               40$               See details on Loaded Labor Rate Calcs Tab for painting MH/m2 and Gal/m2.33$               37$               40$                33$                37$                40$                See details on Loaded Labor Rate Calcs Tab for painting MH/m2 and Gal/m2.33$                37$                40$                 33$                37$                40$                 

Materials cost per m2 of painting $/m2 0.07$            0.06$            0.06$            0.07$           0.06$            0.06$            See details on Loaded Labor Rate Calcs Tab for painting MH/m2 and Gal/m2.0.07$             0.06$           0.06$            0.07$            0.06$            0.06$           See details on Loaded Labor Rate Calcs Tab for painting MH/m2 and Gal/m2.0.07$           0.06$           0.06$             0.07$            0.06$            0.06$             See details on Loaded Labor Rate Calcs Tab for painting MH/m2 and Gal/m2.0.07$            0.06$            0.06$              0.07$            0.06$            0.06$              

Materials cost $ -$               -$               -$               33.0$            36.7$            40.4$            -$                -$              -$              33.0$             36.7$            40.4$            -$              -$              -$               -$               -$               -$               -$               -$               -$                -$               -$               -$                

Plumbing

Pipe Type/Diameter PVC 3/4" inchPVC 3/4" inchPVC 3/4" inch PVC 3/4" inchPVC 3/4" inchPVC 3/4" inch PVC 3/4" inchPVC 3/4" inchPVC 3/4" inch PVC 3/4" inchPVC 3/4" inchPVC 3/4" inch PVC 3/4" inchPVC 3/4" inchPVC 3/4" inch PVC 3/4" inchPVC 3/4" inchPVC 3/4" inch PVC 3/4" inchPVC 3/4" inchPVC 3/4" inch PVC 3/4" inchPVC 3/4" inchPVC 3/4" inch

Pipe Usage - Water Utility to FC m 0.5 1 3 0.5 1 3 0.5 1 3 0.5 1 3 2 5 10 2 7 15 3 8 15 10 20 30

Pipe Usage - Water Utility to Water Heater m 0.25 0.5 1 0.25 1 2 0.25 0.5 1 0.25 1 2 1 1.5 3 1 1.5 3 2 3 5 2 3 5

Pipe Usage - Water Heater to Drain m 1 2 4 1 2 4 1 2 4 1 2 4 2 4 8 2 5 10 3 8 15 10 20 30

Total Water Pipe Usage m 1.75 3.5 8 1.75 4 9 1.75 3.5 8 1.75 4 9 5 10.5 21 5 13.5 28 8 19 35 22 43 65

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom.Plumbing- LowCom. Plumbing-MidCom. Plumbing-HighCom.Plumbing- LowCom. Plumbing-MidCom. Plumbing-HighCom.Plumbing- LowCom. Plumbing-MidCom. Plumbing-HighCom.Plumbing- LowCom. Plumbing-MidCom. Plumbing-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          42.28$          61.28$          109.08$         42.28$          61.28$          109.08$         42.28$          61.28$          109.08$          42.28$          61.28$          109.08$          

Labor time rate h/m 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09

Preparation/Clean-up h 0.25 0.75 1.25 0.25 0.75 1.25 0.25 0.75 1.25 0.25 0.75 1.25 0.50 1.00 1.50 0.50 1.00 1.50 0.50 1.00 1.50 0.50 1.00 1.50

Labor Man-hours MH 0.40 1.05 1.93 0.40 1.09 2.02 0.40 1.05 1.93 0.40 1.09 2.02 0.93 1.90 3.29 0.93 2.15 3.89 1.18 2.62 4.49 2.38 4.67 7.04

Labor cost $ 11.47$          43.67$          143.27$        11.47$          45.45$          149.59$        11.47$            43.67$          143.27$        11.47$           45.45$          149.59$       39.18$          116.17$       359.02$         39.18$          131.85$        424.16$         50.00$          160.60$        489.29$          100.50$        286.06$        768.45$          

Pipe Cost $/m 0.4 0.5 0.5  0.4 0.5 0.5 0.4 0.5 0.5  0.4 0.5 0.5 0.4 0.5 0.5  0.4 0.5 0.5 0.4 0.5 0.5  0.4 0.5 0.5

Pipe Wastage/Overage % 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35% 15% 35% 35%

Pipe Cost $ 0.81$             2.36$             5.40$             0.81$            2.70$            6.08$            0.81$              2.36$            5.40$            0.81$             2.70$            6.08$            2.30$            7.09$            14.18$           2.30$             9.11$             18.90$           3.68$             12.83$          23.63$            10.12$          29.03$          43.88$            

Natural Gas Piping

Pipe Type/Diameter 1/2" Black Iron1/2" Black Iron1/2" Black Iron 1/2" Black Iron1/2" Black Iron1/2" Black Iron 1/2" Black Iron1/2" Black Iron1/2" Black Iron 1/2" Black Iron1/2" Black Iron1/2" Black Iron 1" Black Iron1" Black Iron1" Black Iron 1" Black Iron 1" Black Iron 1" Black Iron 1" Black Iron 1" Black Iron 1" Black Iron 1" Black Iron 1" Black Iron 1" Black Iron

Pipe Usage - NG Utility to FC m 1 2 3 1 2 3 1 2 3 1 2 3 2 8 15 2 8 15 4 10 20 5 15 30

Pipe Usage - FC Exhaust to Water Heater m 2 2 5 2 2 5 2 2 5 2 2 5 2 2 5 2 2 5 2 2 5 2 2 5

Pipe Usage m 3 4 8 3 4 8 3 4 8 3 4 8 4 10 20 4 10 20 6 12 25 7 17 35

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom.Plumbing- LowCom. Plumbing-MidCom. Plumbing-HighCom.Plumbing- LowCom. Plumbing-MidCom. Plumbing-HighCom.Plumbing- LowCom. Plumbing-MidCom. Plumbing-HighCom.Plumbing- LowCom. Plumbing-MidCom. Plumbing-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          42.28$          61.28$          109.08$         42.28$          61.28$          109.08$         42.28$          61.28$          109.08$          42.28$          61.28$          109.08$          

Labor time rate h/m 0.035 0.0592 0.200 0.035 0.0592 0.200 0.035 0.0592 0.200 0.035 0.0592 0.200 0.035 0.0592 0.200 0.035 0.0592 0.200 0.035 0.0592 0.200 0.035 0.0592 0.200

Preparation/Clean-up h 0.50 0.75 1.25 0.50 0.75 1.25 0.50 0.75 1.25 0.50 0.75 1.25 0.75 1.00 1.50 0.75 1.00 1.50 1.00 1.50 2.00 1.50 2.00 3.00

Labor Man-hours MH 0.61 0.99 2.85 0.61 0.99 2.85 0.61 0.99 2.85 0.61 0.99 2.85 0.89 1.59 5.50 0.89 1.59 5.50 1.21 2.21 7.00 1.75 3.01 10.00

Labor cost $ 17.39$          41.11$          211.29$        17.39$          41.11$          211.29$        17.39$            41.11$          211.29$        17.39$           41.11$          211.29$       37.63$          97.58$          599.93$         37.63$          97.58$          599.93$         51.16$          135.48$        763.55$          73.78$          184.27$        1,090.78$       

Pipe Cost $/m 6.713 9.59 12.467  6.713 9.59 12.467 6.713 9.59 12.467  6.713 9.59 12.467 10.402 14.86 19.318  10.402 14.86 19.318 10.402 14.86 19.318  10.402 14.86 19.318

Pipe Wastage/Overage % 10% 15% 20% 10% 20% 35% 10% 15% 20% 10% 20% 35% 10% 15% 20% 10% 20% 35% 10% 15% 20% 10% 20% 35%

Pipe Cost $ 22.15$          44.11$          119.68$        22.15$          46.03$          134.64$        22.15$            44.11$          119.68$        22.15$           46.03$          134.64$       45.77$          170.89$       463.63$         45.77$          178.32$        521.59$         68.65$          205.07$        579.54$          80.10$          303.14$        912.78$          

Total cost (incl. labor, materials, etc.) $ 40$                85$                331$              40$               87$                346$              40$                 85$               331$             40$                87$                346$             83$               268$             1,064$           83$                276$              1,122$           120$              341$              1,343$            154$              487$              2,004$            

Outdoor Site Prep Includes: Defined as cleaning out the site, leveling the ground, putting in a foundation, and drainage capability. 

Exterior Site Specs.

Length m 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.40 3.00 3.60 2.40 3.00 3.60 4.00 5.00 6.00 4.80 6.00 7.20

Width m 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.60 2.00 2.40 1.60 2.00 2.40 2.40 3.00 3.60 2.40 3.00 3.60

Thickness m 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.30 0.10 0.20 0.30 0.10 0.20 0.30 0.10 0.20 0.30

Total Area m2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.84 6.00 8.64 3.84 6.00 8.64 9.60 15.00 21.60 11.52 18.00 25.92

Total CY CY 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 1.59 3.44 0.51 1.59 3.44 1.28 3.99 8.61 1.53 4.78 10.33

Labor for cleaning up Exterior space

# of laborers people 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0

Time to Install hrs/person 0 0 0 0 0 0 0 0 0 0 0 0 4 8 1.5 4 8 2 Not much interior space to clean up.4 8 2 8 16 24

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighRes. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighRes. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighRes. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$         41.65$          74.14$          28.74$           41.65$         74.14$         28.74$          41.65$          74.14$         28.74$         50.17$         89.30$          28.74$          50.17$          89.30$           28.74$          50.17$          89.30$           28.74$          50.17$          89.30$            

Man-hours MH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00

Total  Site Prep Labor cost $ $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $357 $0 $0 $0 $0 $0 $0

Pouring Exterior Concrete Pad

Base Concrete Pad Cost per CY $/CY 606.00$        606.00$        606.00$        606.00$       606.00$       606.00$       606.00$         606.00$       606.00$       606.00$        606.00$       606.00$       606.00$       606.00$       606.00$        606.00$        606.00$        606.00$        606.00$        606.00$        606.00$         606.00$        606.00$        606.00$         

Adjustment Factor for small jobs Factor 1.25 1.25 1.65 Construction, pg 4, plus 15-25% for congested workspace.1.25 1.25 1.65 1.25 1.25 1.65 Construction, pg 4, plus 15-25% for congested workspace.1.25 1.25 1.65 1.25 1.25 1.65 Construction, pg 4, plus 15-25% for congested workspace.1.25 1.25 1.65 Construction, pg 4, plus 15-25% for congested workspace.1.25 1.25 1.65 Construction, pg 4, plus 15-25% for congested workspace.1.25 1.25 1.65

Adjustment Factor for difficult/confined spaces Factor 1 1 1 1.2 1.2 1.2 1 1 1 1.2 1.2 1.2 1 1 1 1.2 1.2 1.2 1 1 1 1.2 1.2 1.2

Effective Concrete Pad Cost per CY $/CY 757.50$        757.50$        999.90$        909.00$       909.00$        1,199.88$     757.50$         757.50$       999.90$        909.00$        909.00$        1,199.88$    757.50$       757.50$       999.90$         909.00$        909.00$        1,199.88$      757.50$        757.50$        999.90$          909.00$        909.00$        1,199.88$       

Min Cost (4 hours, 6guys, at $50/h) $ 1,200.00$    1,200.00$    1,200.00$    800.00$       800.00$       800.00$       1,200.00$     1,200.00$   1,200.00$    1,200.00$    1,200.00$    1,200.00$   1,200.00$   1,200.00$   1,200.00$     1,200.00$    1,200.00$    1,200.00$     1,200.00$    1,200.00$    1,200.00$      1,200.00$    1,200.00$    1,200.00$      

Approx. Man-hours MH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 24.00 24.16 68.89 24.00 28.99 82.67 24.00 60.40 172.22 27.83 86.98 248.00

Total slab cost (incl. labor, materials, etc.) $ -$               -$               -$               -$              -$              -$              -$                -$              -$              -$               -$              -$              1,200.00$    1,208.07$    3,444.44$     1,200.00$     1,449.68$     4,133.33$      1,200.00$     3,020.17$     8,611.11$      1,391.69$     4,349.04$     12,399.99$    
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Crew Labor (ground prep and miscellaneous outdoor activities not elsewhere enumerated)

# of laborers in work crew workers 0 0 0 0 0 0 0 0 0 0 0 0 6 6 7 6 6 7 6 6 7 6 6 7

# of crews needed 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Time to Install hrs 0 0 0 0 0 0 0 0 0 0 0 0 6 8 12 9 12 18 12 16 24 18 24 36

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$         41.65$          74.14$          28.74$           41.65$         74.14$         28.74$          41.65$          74.14$         34.62$         50.17$         89.30$          34.62$          50.17$          89.30$           34.62$          50.17$          89.30$           34.62$          50.17$          89.30$            

Est. Man-Hours MH 0 0 0 0 0 0 0 0 0 0 0 0 36 48 84 54 72 126 72 96 168 108 144 252

Total Crew Labor cost $ $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $1,246 $2,408 $7,501 $1,869 $3,612 $11,252 $2,492 $4,816 $15,003 $3,739 $7,224 $22,504

Equipment Rental (beyond equip. included in Crew Cost)

Cat 430e Loader/Backhoe $/hr 55.2$            69.0$            82.8$            55.2$           69.0$            82.8$            55.2$             69.0$           82.8$            55.2$            69.0$            82.8$           55.2$           69.0$           82.8$             55.2$            69.0$            82.8$             55.2$            69.0$            82.8$              55.2$            69.0$            82.8$              

Hours needed hours 0 0 0 0 0 0 0 0 0 0 0 0 8 8 12 9 12 18 12 16 24 18 24 36

Number required # -$              -$              -$              -$             -$              -$              -$               -$             -$              -$              -$              -$             1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Total Equipment Rental Cost $ $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $442 $552 $994 $497 $828 $1,490 $662 $1,104 $1,987 $994 $1,656 $2,981

Bollards

Are Bollards used? Yes or No No No No No No No No No No No No No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Type of Bollard Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.Pipe Bollard, 8" diam.

Number of Bollards # 0 0 0 0 0 0 0 0 0 0 0 0 4 6 6 4 6 6 6 8 10 8 10 10

Materials, each Bollard $/bollard 14.00$          14.00$          14.00$          14.00$         14.00$          14.00$          14.00$           14.00$         14.00$         14.00$          14.00$          14.00$         14.00$         14.00$         14.00$          14.00$          14.00$          14.00$           14.00$          14.00$          14.00$           14.00$          14.00$          14.00$            

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          28.74$          41.65$          74.14$           28.74$          41.65$          74.14$           28.74$          41.65$          74.14$            28.74$          41.65$          74.14$            

Time per bollard h/bollard 0.75 0.75 0.75 pag 610, Construction Estimator (?), 8"bollard, S1 at 0.75 hour each, includes hole, 4' deep setting. $14 materials. $1000 min bid.0.75 0.75 0.75 pag 610, Construction Estimator (?), 8"bollard, S1 at 0.75 hour each, includes hole, 4' deep setting. $14 materials.0.75 0.75 0.75 pag 610, Construction Estimator (?), 8"bollard, S1 at 0.75 hour each, includes hole, 4' deep setting. $14 materials. $1000 min bid.0.75 0.75 0.75 pag 610, Construction Estimator (?), 8"bollard, S1 at 0.75 hour each, includes hole, 4' deep setting. $14 materials.0.75 0.75 0.75 pag 610, Construction Estimator (?), 8"bollard, S1 at 0.75 hour each, includes hole, 4' deep setting. $14 materials. $1000 min bid.0.75 0.75 0.75 pag 610, Construction Estimator (?), 8"bollard, S1 at 0.75 hour each, includes hole, 4' deep setting. $14 materials.0.75 0.75 0.75 pag 610, Construction Estimator (?), 8"bollard, S1 at 0.75 hour each, includes hole, 4' deep setting. $14 materials.0.75 0.75 0.75

Total Man-Hours MH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.00 4.50 4.50 3.00 4.50 4.50 4.50 6.00 7.50 6.00 7.50 7.50

Total labor cost $ -$               -$               -$               -$              -$              -$              -$                -$              -$              -$               -$              -$              86.22$          187.43$       333.62$         86.22$          187.43$        333.62$         129.32$        249.90$        556.03$          172.43$        312.38$        556.03$          

Total Materials cost $ -$               -$               -$               -$              -$              -$              -$                -$              -$              -$               -$              -$              56.00$          84.00$          84.00$           56.00$          84.00$          84.00$           84.00$          112.00$        140.00$          112.00$        140.00$        140.00$          

Fencing

Is Feincing needed? No No No No No No No No No No No No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Type of Fencing Chain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' heightChain link fence, 7' height

Perimeter of fence m 6 8 16 6 8 16 6 8 16 6 8 16 8 20 40 8 20 40 12 24 50 14 34 70

Materials Cost rate $/m 26.71$          26.71$          26.71$          page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.26.71$         26.71$          26.71$          page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.26.71$           26.71$         26.71$         page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.26.71$          26.71$          26.71$         page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.26.71$         26.71$         26.71$          page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.26.71$          26.71$          26.71$           page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.26.71$          26.71$          26.71$           page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.26.71$          26.71$          26.71$            

Equip. Rental Cost rate $/m 1.54$            1.54$            1.54$            page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.1.54$           1.54$            1.54$            page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.1.54$             1.54$           1.54$            page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.1.54$            1.54$            1.54$           page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.1.54$           1.54$           1.54$             page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.1.54$            1.54$            1.54$             page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.1.54$            1.54$            1.54$              page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.1.54$            1.54$            1.54$              

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          34.62$          50.17$          89.30$           34.62$          50.17$          89.30$           34.62$          50.17$          89.30$            34.62$          50.17$          89.30$            

Labor time rate h/m 0.42 0.42 0.42 page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.0.42 0.42 0.42 page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.0.42 0.42 0.42 page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.0.42 0.42 0.42 page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.0.42 0.42 0.42 page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.0.42 0.42 0.42 page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.0.42 0.42 0.42 page 612, Construction Estimator (?),  2 3/8" line posts, C4 at 0.127/LF,  $8.14/LF materials, 0.47/LF equip.0.42 0.42 0.42

Total Man-Hours MH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 8.33 16.67 3.33 8.33 16.67 5.00 10.00 20.83 5.83 14.17 29.17

Total labor cost $ -$               -$               -$               -$              -$              -$              -$                -$              -$              -$               -$              -$              115.40$       418.10$       1,488.45$     115.40$        418.10$        1,488.45$      173.09$        501.72$        1,860.56$      201.94$        710.78$        2,604.79$       

Total Materials cost $ -$               -$               -$               -$              -$              -$              -$                -$              -$              -$               -$              -$              213.66$       534.15$       1,068.29$     213.66$        534.15$        1,068.29$      320.49$        640.98$        1,335.37$      373.90$        908.05$        1,869.51$       

Total Equip. Rental cost $ -$               -$               -$               -$              -$              -$              -$                -$              -$              -$               -$              -$              12.34$          30.84$          61.68$           12.34$          30.84$          61.68$           18.50$          37.01$          77.10$            21.59$          52.43$          107.94$          

Equip. Delivery/Placement/Test $/mile/lb is of form  =Yintersept + A*Pounds+B/(mile-lbs)+C*Mile+D/lbs+E*lbs*miles

Equip. Delivery (Factory to Business)

Distance (one-way or rndtrip(if dead-ended)) miles 500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500

Mass of Load lb 150 200 250 150 200 250 200 300 400 200 300 400 400 500 600 400 500 600 500 1200 2000 500 1200 2000

$/mile/lb $/mile/lb 0.0042 0.0024 0.0017 need to check this again" http://www.uship.com/shipping-calculator.aspx0.0042 0.0024 0.0017 0.0033 0.0018 0.0012 0.0033 0.0018 0.0012 0.0020 0.0013 0.0009 0.0020 0.0013 0.0009 0.0017 0.0008 0.0004 0.0017 0.0008 0.0004

Total Factory Delivery Charge $ 313$              488$              635$              313$             488$              635$              332$               543$             717$             332$              543$              717$             403$             647$             821$              403$              647$              821$               437$              944$              1,335$            437$              944$              1,335$            

0.001692531

Service Truck Cost

Truck Cost per day $ 100$             100$             100$             See Equip calc Tab. For details100$             100$             100$             See Equip calc Tab. For details100$               100$             100$             See Equip calc Tab. For details100$              100$             100$             See Equip calc Tab. For details100$             100$             100$              See Equip calc Tab. For details100$             100$             100$              See Equip calc Tab. For details100$             100$             100$               See Equip calc Tab. For details100$             100$             100$               

Approx. Days of Job 0.9 1.4 2.2 2.3 3.5 3.4 1.1 1.9 2.3 2.3 3.0 3.8 4.5 4.8 6.1 3.1 7.0 8.9 5.4 6.1 10.3 6.2 9.2 13.5

Service Truck Cost per job $ 87$                139$              221$              235$             354$              341$              111$               186$             227$             229$              304$              384$             452$             482$             614$              312$              698$              891$               535$              609$              1,028$            618$              919$              1,351$            

Equipment Placement

Number of units to be placed 1 1 1 1 1 2 1 1 2 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2

Labor (man-hours)

Water Line Rough-In 0.75 0.75 0.75 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials0.75 0.75 0.75 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials0.75 0.75 0.75 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials0.75 0.75 0.75 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials0.75 0.75 0.75 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials0.75 0.75 0.75 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials0.75 0.75 0.75 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials0.75 0.75 0.75

Gas Line Rough-In 0.65 0.65 0.65 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials0.65 0.65 0.65 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials0.65 0.65 0.65 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials0.65 0.65 0.65 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials0.65 0.65 0.65 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials0.65 0.65 0.65 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials0.65 0.65 0.65 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials0.65 0.65 0.65

FC Connection 3.15 3.15 3.15 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials3.15 3.15 3.15 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials3.15 3.15 3.15 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials3.15 3.15 3.15 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials3.15 3.15 3.15 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials3.15 3.15 3.15 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials3.15 3.15 3.15 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials3.15 3.15 3.15

Materials

Water Line Rough-In 31.5 31.5 31.5 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials31.5 31.5 31.5 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials31.5 31.5 31.5 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials31.5 31.5 31.5 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials31.5 31.5 31.5 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials31.5 31.5 31.5 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials31.5 31.5 31.5 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials31.5 31.5 31.5

Gas Line Rough-In 16.6 16.6 16.6 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials16.6 16.6 16.6 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials16.6 16.6 16.6 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials16.6 16.6 16.6 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials16.6 16.6 16.6 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials16.6 16.6 16.6 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials16.6 16.6 16.6 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials16.6 16.6 16.6

FC Connection 31.9 31.9 31.9 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials31.9 31.9 31.9 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials31.9 31.9 31.9 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials31.9 31.9 31.9 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials31.9 31.9 31.9 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials31.9 31.9 31.9 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials31.9 31.9 31.9 Construction Book NG appli Rough-In (NG lines) Gas fired domestic hot water heater, page 254 P1@0.65  16.6 in materials Hot water Tan Rough In (Water Lines) page 254 Hot and cosld Water Supply P1@0.5, 20.3 Materials Add for 3/4" isolation valve P1@0.25, 10.9 materials Gas Water Heater Installation, page 250 50gal tall, 40,000BTU, 40.4 GPH P1@2.15,  658 materials (which we ignor because its for the acutal hot water heater cost) Add for Power Vent electr Connection BE@1.0, 31.9 materials31.9 31.9 31.9

Labor Time Multiplier 1 1.15 1.25 Eng Judgement1.5 2 3 Eng Judgement 1 1.15 1.25 Eng Judgement1.5 2 3 Eng Judgement 1 1.15 1.25 Eng Judgement1.5 2 3 Eng Judgement 1 1.15 1.25 Eng Judgement1.5 2 3

Material Cost Multiplier 1 1.15 1.25 Eng Judgement1.5 2 3 Eng Judgement 1 1.15 1.25 Eng Judgement1.5 2 3 Eng Judgement 1 1.15 1.25 Eng Judgement1.5 2 3 Eng Judgement 1 1.15 1.25 Eng Judgement1.5 2 3

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          34.62$          50.17$          89.30$           34.62$          50.17$          89.30$           34.62$          50.17$          89.30$            34.62$          50.17$          89.30$            

Total Man-Hours MH 4.55 5.23 5.69 6.83 9.10 27.30 4.55 5.23 11.38 6.83 9.10 27.30 9.10 10.47 11.38 13.65 18.20 27.30 9.10 10.47 11.38 13.65 18.20 27.30

Total Labor cost $ 130.76$        217.93$        421.65$        196.14$       379.02$        2,023.94$     130.76$         217.93$       843.31$        196.14$        379.02$        2,023.94$    315.02$       525.03$       1,015.82$     472.53$        913.09$        2,437.96$      315.02$        525.03$        1,015.82$      472.53$        913.09$        2,437.96$       

Total Materials Cost $ 80$                92$                100$              120$             160$              480$              80$                 92$               200$             120$              160$              480$             160$             184$             200$              240$              320$              480$               160$              184$              200$               240$              320$              480$                

Commissioning Test

# of laborers people 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1

Time for Test hrs 0 1.5 4 0 1.5 4 0 1.5 4 0 1.5 4 2 3 4 2 3 4 2 3 4 2 3 4

Labor Category Res. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighRes. Jack All Trades- LowRes. Jack All Trades-MidRes. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-HighCom. Jack All Trades- LowCom. Jack All Trades-MidCom. Jack All Trades-High

Labor rate $/hour 28.74$          41.65$          74.14$          28.74$          41.65$          74.14$          28.74$            41.65$          74.14$          28.74$           41.65$          74.14$          34.62$          50.17$          89.30$           34.62$          50.17$          89.30$           34.62$          50.17$          89.30$            34.62$          50.17$          89.30$            

Total Man-Hours MH 0.00 1.50 4.00 0.00 1.50 4.00 0.00 1.50 4.00 0.00 1.50 4.00 0.00 3.00 4.00 0.00 3.00 4.00 0.00 3.00 4.00 0.00 3.00 4.00

Total labor cost $ -$               62.48$          296.55$        -$              62.48$          296.55$        -$                62.48$          296.55$        -$               62.48$          296.55$       -$              150.51$       357.21$         -$               150.51$        357.21$         -$               150.51$        357.21$          -$               150.51$        357.21$          
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Appendix B: Labor Categories and Rates 

Abbreviated Labor Rates 
Name (used in the 

spreadsheet) 

Labor Rate, 
$/hour 

Res. Jack All Trades- Low $    28.74 

Res. Jack All Trades-Mid $    41.65 

Res. Jack All Trades-High $    74.14 

Res. Painter- Low $    25.25 

Res. Painter-Mid $    36.60 

Res. Painter-High $    65.15 

Res. Drywall Install-Low $    24.09 

Res. Drywall Install-Mid $    34.91 

Res. Drywall Install-High $    62.14 

Res. Plumbing- Low $    28.74 

Res. Plumbing-Mid $    41.65 

Res. Plumbing-High $    74.14 

Res. Electrician- Low $    27.08 

Res. Electrician-Mid $    39.24 

Res. Electrician-High $    69.85 

Res. Eng. Design-Low  $   82.80  

Res. Eng. Design-Mid  $ 120.00  

Res. Eng. Design-High  $ 213.60  

Res. Shipping - Low $    20.78 

Res. Shipping - Mid $    30.11 

Res. Shipping - High $    53.60 

Com. Jack All Trades- Low $    34.62 

Com. Jack All Trades-Mid $    50.17 

Com. Jack All Trades-High $    89.30 

Com. Painter- Low $    35.47 

Com. Painter-Mid $    51.40 

Com. Painter-High $    91.49 

Com. Drywall Install-Low $    31.16 

Com. Drywall Install-Mid $    45.16 

Com. Drywall Install-High $    80.38 

Com. Plumbing- Low $    42.28 

Com. Plumbing-Mid $    61.28 

Com. Plumbing-High $  109.08 

Com. Electrician- Low $    40.21 

Com. Electrician-Mid $    58.28 

Com. Electrician-High $  103.74 

Com. Eng. Design-Low  $   82.80  

Com. Eng. Design-Mid  $ 120.00  

Com. Eng. Design-High  $ 213.60  

Com. Shipping - Low $    30.95 

Com. Shipping - Mid $    44.86 
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Com. Shipping - High $    79.85 

Com. Crane Operator-Low $    38.36 

Com. Crane Operator-Mid $    55.59 

Com. Crane Operator-High $    98.95 

Com. Structural Worker-Low $    38.36 

Com. Structural Worker-Mid $    55.59 

Com. Structural Worker-High $    98.95 

Com. Painter- Low $    35.47 

Com. Painter-Mid $    51.40 

Com. Painter-High $    91.49 

 


