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Disclaimer 
The U.S DOE Gulf Coast Clean Energy Application Center employed its best professional effort in this study and it is offered on 
a best effort basis only. Neither the Houston Advanced Research Center, the U.S Department of Energy, nor any of their 
employees make any warranties, express or implied, nor assume any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information in this report. Reference herein to any companies, specific commercial products, 
processes, or services by trade name, trademark, manufacturer, or otherwise does not constitute or imply any endorsement or 
recommendation. The Screening Analysis report is not an investment grade audit. This analysis may not reflect the best or 
optimal CHP configuration. The recipients of this report should work with qualified developers, equipment suppliers, or 
engineering firms to establish detailed configurations for optimal performance and assumes all risk of using any and all portions 
of the information provided in the report. 
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The ABC Hotel   is a luxurious hotel, located in downtown Houston, housing over 900 
guestrooms, meeting rooms, two restaurants, function space and exhibit space. Consolidated 
Services Green requested a Combined Heat & Power Screening Analysis from the US DOE Gulf 
Coast Clean Energy Application Center. 

The goal of the Screening Analysis is to show the potential for CHP at a specific site and not to 
determine an optimal equipment set or configuration. Typically, the Screening Analysis uses 
monthly averages to determine savings. Three different CHP Plant configurations were analyzed: 

·  A 200 kW Capstone microturbine with a heat recovery steam generator  

·  A 1,200 kW Solar gas turbine with a heat recovery steam generator and a 823 ton 
absorption chiller 

·  A 2,000 kW Cummins reciprocating engine with a heat recovery steam generator and a 
420 ton absorption chiller 

The analysis indicated annual utility cost savings ranging between $110,00 to $610,000, with 
corresponding simple paybacks between 4.5 – 6.0 years. The analysis assumed an average gas 
cost of $8.63/MMBtu, that was derived from utility bills. However, the installation of a CHP 
plant increases the site gas consumption, thereby giving the ABC Hotel greater power to 
negotiate lower gas rates, potentially reducing paybacks much further. A sensitivity analysis has 
been included in the report that illustrates the effect on simple payback with changing gas prices. 

The US DOE Gulf Coast Clean Energy Application Center believes that the ABC Hotel   has  
potential to host a Combined Heat and Power project. This Screening Analysis report presents 
the process used to estimate loads, selected equipment, the associated savings and environmental 
benefits possible with a CHP installation at ABC Hotel  . 
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This report was prepared by the U.S. Department of Energy’s Gulf Coast Clean Energy 
Application Center (GC RAC). Located that the Houston Advanced Research Center in The 
Woodlands, Texas, the GC RAC is one of eight centers established by the U.S. Department of 
Energy to promote the use of combined heat and power (CHP) through outreach programs, 
project specific support, and policy development initiatives. The figure below, which shows all 
eight regions, highlights the states of Texas, Louisiana, and Oklahoma served by the GC RAC.  

The GC RAC uses a two-step approach to 
conduct feasibility studies. The first 
evaluation involves a quick, inexpensive 
screening analysis, which is performed to 
assess the potential for CHP at a specific 
site. This screening study uses average 
electricity and natural gas utility costs, 
monthly energy consumption, and 
industry “rules-of-thumb” to estimate 
project costs. The screening study results 
in a simple payback, where annual energy 
savings and project capital costs are 
accurate to about +/-30%.  

A detailed analysis is performed if the screening analysis shows sufficient potential to implement 
CHP at the site, then. The goal of the detailed analysis is to establish whether CHP is technically 
and economically viable. The detailed analysis uses simulation software to determine building 
loads on an hour-by-hour basis. Detailed load information facilitates an in depth comparison of 
of the conventional separate heat and power approach to the combined heat and power option. 
The analysis evaluates the life cycle capital and operating costs of both approaches using the 
discounted cash flow method. The analysis results in a financial pro forma and internal rate of 
return for the CHP project. To accomplish the detailed analysis, the GC RAC engaged in the 
following: 

·  On-site meetings including limited walkthrough site-assessment 
·  Data collection including building envelope characteristics, age, area, hours of operation, 

type of HVAC systems, current energy consumption, utility rates and costs, and 
additional information related to energy supply and use 

·  Hour by hour building simulation using DOE software 
·  Calibration of baseline model to actual utility bills 
·  Hourly simulation of electric and thermal loads with and without CHP 
·  Examination of alternate CHP plant configurations 
·  Utility rate structure analysis 
·  Use of financial models to generate internal rate of return 
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The combined heat and power (CHP) approach can provide chill water, 
to ABC Hotel at a much higher energy eff
resulting heat to off-set boiler and electric chiller use. The CH
less fuel than the conventional separate heat and power approach, 
and environmental benefits. CHP systems provide a similar degree of cooling and heating 
comfort and indoor air quality, while d
quality. A schematic comparing the two approaches is provided at the right.

In its simplest form, CHP involves a conventional natural gas fired engine
to make electricity. Hot gases created by combusting the natural gas are captured by a heat 
exchanger to produce steam or hot water
amount produced by the CHP system
operations, thereby saving the natural gas normally 
alternate use is to make chill water by using the steam to 
an absorption chiller or steam turbine chiller
some cases, excess steam can be used to generate 
organic rankine cycle technology, although 
configuration of CHP systems and common uses of the waste heat are shown in 
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he combined heat and power (CHP) approach can provide chill water, hot water
at a much higher energy efficiency, generating electricity on-site, while using the 

set boiler and electric chiller use. The CHP approach typically 
less fuel than the conventional separate heat and power approach, which results in cost savings 
and environmental benefits. CHP systems provide a similar degree of cooling and heating 
comfort and indoor air quality, while delivering a superior level of power reliability and power 

A schematic comparing the two approaches is provided at the right. 

In its simplest form, CHP involves a conventional natural gas fired engine1 that turns a generator 
to make electricity. Hot gases created by combusting the natural gas are captured by a heat 

or hot water. If the site has a steam need equal to or larger
amount produced by the CHP system, then all of the resulting steam can be used to reduce boiler 

natural gas normally consumed in the boiler. The most common 
to make chill water by using the steam to drive a stream powered

on chiller or steam turbine chiller, which is the approach considered in this report. 
can be used to generate additional electricity, using a steam turbine or 

organic rankine cycle technology, although this option is not considered in this analysis
configuration of CHP systems and common uses of the waste heat are shown in Figure 1
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hot water, and electricity 
site, while using the 

P approach typically consume 40% 
in cost savings 

and environmental benefits. CHP systems provide a similar degree of cooling and heating 
elivering a superior level of power reliability and power 

that turns a generator 
to make electricity. Hot gases created by combusting the natural gas are captured by a heat 

. If the site has a steam need equal to or larger than the 
l of the resulting steam can be used to reduce boiler 

The most common 
powered chiller, such as 

considered in this report. In 
, using a steam turbine or 

red in this analysis. Typical 
Figure 1. 
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Monthly utility bills for the hotel were obtained.  Gas consumption associated with the central 
plant was used for the analysis. It was assumed that all gas use associated with Account 
#1111111111 was for purposes of cooking and do not contribute to the heat load. Table 1 lists 
the electricity consumption, central plant gas use and costs as modeled by the load. Table 2 lists 
the rates assumed as part of the analysis. Figure 2, Figure 3 & Figure 4 illustrate the load profiles 
currently observed at the hotel. 

Table 1. Utilities and Expenditures 

Month 

Estimated 
Average 
Monthly 
Demand 

(kW) 

Monthly 
Electricity 

Consumption 
(kWh) 

Gas 
Consumption 

- Central 
Plant 

(MMBtu) 

Monthly 
Heat Load 
(MMBTU) 

Gas cost 
Central 
Plant ($) 

kWh Cost 
($) 

TOTAL 
Cost ($) 

January 1,279 951,688 4,377 3,502 $37,794 $101,077 $138,872 

February 1,411 948,109 4,527 3,622 $39,090 $100,697 $139,787 

March 1,313 976,874 3,461 2,769 $29,885 $103,752 $133,637 

April 1,549 1,115,151 2,390 1,912 $20,637 $118,438 $139,075 

May 1,670 1,242,530 1,319 1,055 $11,389 $131,967 $143,356 

June 2,028 1,459,998 680 544 $5,872 $155,064 $160,936 

July 2,087 1,552,719 798 638 $6,891 $164,912 $171,802 

August 2,162 1,608,850 810 648 $6,994 $170,873 $177,868 

September 1,981 1,426,183 855 684 $7,383 $151,473 $158,855 

October 1,861 1,384,212 1,477 1,182 $12,754 $147,015 $159,768 

November 1,606 1,156,106 2,775 2,220 $23,961 $122,788 $146,750 

December 1,303 969,478 4,547 3,638 $39,262 $102,967 $142,229 

TOTALS $241,912 $1,571,023 $1,812,935 

 
Table 2. Rates 
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Different plant configurations were analyzed as part of the screening analysis. The 
configurations differed in the utilization of the recovered waste heat, the size of the CHP plant 
and the associated capital required. All the analyses were restricted to ensure that a majority of 
the heat was utilized to useful work and all of the electricity generated was consumed on-site.  

Table 3. Analyzed Chp Plants – Technology Summary & Product specifications 

 Option 1 Option 2 Option 3 

Prime-mover technology Microturbine Gas Turbine Reciprocating Engine 

Manufacturer Capstone Solar Turbines Cummins 

Model C200 Saturn 20 C2000 N6C 

Rated Capacity (Full Load) 200 kW 1,200 kW 2,000 kW 

Fuel Input (therms) 22 therms 168 therms 184 therms 

Steam Generated (lbs/hr) 1,080 lbs/hr 8,900 lbs/hr 4,910 lbs/hr 

Absorption Chiller (tons) -na- 823 tons 420 tons 

�

Option 1 would produce enough heat such that the boilers at the central plant can be turned off 
during the summer months. Option 2 would produce enough heat to switch off the existing 
boilers at the central plant for the entire year. Additonal heat would be channeled to a double 
effect- absorption chiller that would provide chill water, thereby shaving demand and reduced 
electricity requirements. Option 3 would essentially remove ABC Hotel  from dependence on the 
electrical grid and ensure that the CHP plant produces a major portion of its annual electricity 
requirements. However, the analysis uses average demand (not peak demand) and therefore will 
require some electricity to be purchased from the grid, especially during peak periods. The 
existing on-site boilers will continue to provide for some of the heating needs, especially in the 
winter. This is primarily due to the fact, that while the electrical efficiency of an engine is high 
compared to a turbine, the amount of available heat that can be recovered is relatively lower. 

The demand, electric consumption, gas consumption and costs were compared between the 
existing scenario (without CHP) and a scenario with the afore-mentioned CHP systems. Table 4 
Table 5 & 0 illustrate the results of the analysis. 

. 
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Table 4. Energy & Cost Analysis : Option 1 - Microturbine CHP 
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Table 5. Energy & Cost Analysis : Option 2 – Gas turbine CHP 
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Table 6. Energy & Cost Analysis : Option 3 – Reciprocating Engine CHP 
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Table 7 summarizes the installed costs, potential credits and incentives, annual savings and the corresponding simple payback for the 
analyzed CHP Systems.  

Table 7. Economic Summary 
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Table 8, Table 9 and Table 10 illustrate the environmental benefits and associated reductions in greenhouse gases for the two options. 
The reductions have been calculated using the Environmental Protection Agency’s (EPA) emissions calculator. 
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Table 8. Environmental Analysis – Option 1 - Microturbine CHP 
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Table 9. Environmental Analysis – Option 2 – Gas turbine CHP 
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Table 10. Environmental Analysis – Option 3 – Reciprocating Engine CHP 
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Certain factors that can significantly affect the project’s upfront capital requirement including. At the current time they have not been 
analyzed in detail: 

·  Site specific construction costs – Site specific construction costs could vary from the estimated capital costs  
·  Capital budget plans – potential future costs incurred to replace aging chillers, cooling towers, backup generators, boilers, and 

related equipment or to expand the facility capabilities can be offset by a new CHP plant. To the extent this equipment can be 
avoided, these costs could be subtracted from the capital cost of a CHP plant, thereby reducing the simple payback.  

·  Investment Tax Credit – the IRS allows a 10% ITC for CHP projects.  
·  Rapid Depreciation – the IRS allows for rapid depreciation of CHP projects. 
·  Utility Incentives – the Public Utility Commission of Texas allows CHP projects less than 10 MW to participate in and earn an 

incentive through utility Standard Offer Programs. 
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The relative costs of electricity and natural gas are paramount in determining the annual savings achieved by the CHP options. With 
the installation of the CHP Plant, the site would likely have more flexibility to pursue better pricing for natural gas supplies. 
Certain factors such as electricity rate increases have not been factored into the current calculations. The sensitivity analysis shown in 
Table 11 illustrates the change in the simple payback vis-à-vis natural gas prices.  

Table 11. Sensitivity Analysis – Price of Gas vis-à-vis Simple Payback 
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The site will need to permit the CHP Plant for NOx emissions. Since the site is located in downtown Houston, a non-attainment area,  
selective catalytic reduction (SCR) would need to be installed as part of the overall installation of the CHP plant. The basic principle 
of SCR is the reduction of NOx to N2 and H2O by the reaction of NOx and ammonia (NH3) within a catalyst bed. The use of SCR has 
enabled projects in the Methodist Hospital & TECO, located in the Houston Medical Center District to obtain an air-permit. 
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Based on the Screening Analysis, U.S. DOE Clean Energy Application Center believes that the ABC Hotel   has potential for CHP. 
Should sufficient interest exist to investigate the CHP options further, the Center can perform a more detailed CHP analysis. In 
addition to improving the accuracy of savings and costs, the detailed analysis will determine whether CHP is a viable option from a 
technical and financial perspective. Detailed engineering calculations using hourly load profiles, financial models and other pertinent 
software will be used as part of the detailed analysis. Appended below are some of the key activities that  would be included as part of 
the Detailed Analysis  

·  Walkthrough site assessment, interviews with staff and review of EMCS data 
·  Evaluation of site specfic construction requirements and costs 
·  Review of the Existing Electric Service Infrastructure 
·  Review of the Existing Gas Service Infrastructure 
·  Review of Electricity (demand charges, ratchet clauses) and Gas Rate Structures 
·  Review of alternate scenarios and CHP Plant configurations including microturbines & combustion turbines 
·  Refinements to the hour-by-hour analysis by calibration to model inputs 
·  Increased accuracy and refinements to capital Cost estimates using budgetary quotes from vendors 
·  Sensitivity analysis regarding natural gas pricing 
·  Inclusion of the Investment Tax Credit (ITC) and Depreciation Rates  
·  Generation of Internal Rate of Return and Life Cycle Costing 

·  Third Party Ownership of CHP Plant� �
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Daniel Bullock 
U.S. DOE Gulf Coast Clean Energy Application Center 
dbullock@harc.edu 
281-364-6087 
 
Krishnan Umamaheswar, LEED AP, CEM, CDSM 
U.S. DOE Gulf Coast Clean Energy Application Center 
ukrishnan@harc.edu 
281-363-7906 
 

U.S. DOE Gulf Coast Clean Energy Application Center 
·  http://www.gulfcoastcleanenergy.org/ 

U.S. EPA CHP Partnership 
·  http://www.epa.gov/chp/ 
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