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Cogeneration (a/k/a combined heat and power “CHP”) is the simultaneous production of 
two or more forms of useful energy, from the combustion of one fuel source, at or near the 
site of the user of that useful energy.  Distributed Generation differs from cogeneration in 
that it only deals with the generation of one form of useful energy (electrical power) at, or 
near the site of the user.  While there may be specialized situations where it makes sense for 
an energy user to install distributed generation (e.g. where power quality is an issue and the 
user needs reliable power at almost any cost) usually it is difficult to justify distributed 
generation unless there is a specific non-energy cost element driving the decision to invest 
in the generation infrastructure.  Having a thermal load (steam, hot water, chilled water, 
etc.) which can be generated from the waste heat of the fuel combustion activity makes 
cogeneration a much more economical proposition in the vast majority of cases. 
 
A cogeneration unit consists of a prime mover (something to turn a generator), a generator, 
waste heat recovery equipment, controls, electrical distribution equipment and water or 
steam pumps.  The prime mover can be many things but it is most often either a turbine 
(steam or combustion) or an internal combustion engine that burns gas as its fuel. 
 
The way the cogeneration unit works is that it burns gas in the engine or combustion 
turbine to spin a drive shaft that is attached to a wire coil that rotates around magnets in 
the generator to produce electricity.  In the process of burning gas in the engine, waste heat 
is generated from several sources.  First, just like in a car engine, exhaust heat is produced 
which would normally be vented to the atmosphere.  Then (again like in a car) there are 
cooling water and lubricants which circulate around the engine as it works to cool it and to 
control the build-up of heat. 
 
With cogeneration, instead of exhausting this waste heat to the atmosphere or routing it to a 
radiator, it is routed to a special type of boiler called a heat exchanger.  In a common type of 
heat exchanger hot exhaust gas is routed through coils which are immersed in water, 
heating the water and converting it to hot water.  A similar process can be followed with 
engine jacket water or lubricants that act to cool the engine.  As this fluid runs through the 
engine it picks up heat which would normally go to a radiator or cooling tower to dissipate 
the heat.  Alternatively with cogeneration, the hot cooling water is routed to another type of 
heat exchanger that makes additional hot water. 
   
The following is a simplified diagram of how a packaged cogeneration system works: 
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In this example there is one source of energy input to the conversion process, and two 
forms of energy output.  Notice what is happening here, the cogenerator is making hot 
water without having to burn fuel (unlike what you need to do with a convention hot water 
boiler system).  The exhaust heat and the hot engine jacket water are used to make hot 
water by converting these waste heat streams to useable thermal energy in the heat 
exchangers.  The free BTU’s from the waste heat of the combustion process replace the 
BTU’s a hot water or steam user would need to buy in the form of natural gas to run 
conventional boilers.  The major benefit of cogeneration is that efficiency is greatly 
increased.  While utility generated electricity usually has an efficiency of 28 to 55%, cogen 
plants usually have efficiencies ranging from the 70’s to mid 90% depending upon the 
equipment and the cycle chosen. 
 
Developer Role - An energy project developer is roughly analogous to a real estate project 
developer in that their role and objective is to increase the value of the asset developed, as it 
moves through the development process.  Often the role of developer, and how they make 
money, is something that people have a hard time conceptualizing.   
 
For a simple illustration of the development process, let’s look at real estate development 
first since this is something most people are more familiar with.  A real estate developer 
looks for land that has the potential to be rented or sold to occupants or users.  For 
purposes of this example let’s assume it is a simple office rental property the developer is 
looking to develop.   
 
He starts with an idea about what type of building has the highest and best use for a market, 
then he finds raw land on which he will develop the idea / asset.  At this point he has a lot of 
plans and ideas which might be considered an asset that he could potentially sell but the 
asset at this stage doesn’t have much value.  His next step is to get control of suitable raw 
land for his project through purchase or through some type of option/contract.  Once this is 
done, the developing asset has more value than that represented just by a good idea.   
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Next he will bring the raw land through the permit approval process.  Once this approval 
process is complete, the approved land is worth more than the raw land without approvals 
(again more value has been created, or developed).   
 
The next step is to make the infrastructure improvements that are required before the 
actual building is built.  Things like sewer connections, roads, curb cuts, etc., are added to 
the land with approvals and now it becomes approved land with improvements.  If his 
planning and assumptions are good, more value is created as the completed improvements 
would enable the developer to sell the land (if he wanted to) for more than he could if it 
were just approved land.   
 
Next the developer gets various professionals involved in the construction financing, design 
and building stage of the building which is to sit on the improved land.  Over time the asset 
attains construction financing and the building is built.   The asset is now improved land 
with the further improvement of a building on it.  At this point more value has been 
developed in that a building is usually worth more than just the improved land without the 
building.   
 
While construction is going on (or perhaps even before) the developer hires a leasing agent 
to look for lead tenant(s) to occupy the building.  The developer sets his desired rent price 
after considering his fixed costs of development (construction, interest during construction, 
commissioning), expenses related to operations and an appropriate return on his money 
invested.  Once he finds tenant(s) who commit to taking that space in the building, at a 
rental payment that allows the developer to recover all of his costs of development, 
operations plus a profit which compensates him for the work he has invested (and the risk 
he has assumed) the asset is worth still more.    
 
When the building is built and rented the developer can either sell the asset, or re-finance it 
paying off the construction loan and taking a cash distribution from the refinancing.  He will 
also have an ongoing rental payment stream which will exceed his operating costs 
producing net operating income.   
 
During each stage of the real estate development process (initial idea, raw land acquisition, 
attain approvals, facilitate construction financing, design a building, build the building, find 
tenants, commission, re-finance or sell, and operate and maintain) value is created.  This is 
what a developer does and the mission to develop asset value, is similar even if he is a 
developer of energy projects (though some of the steps may differ – e.g. instead of looking 
for a building tenant, he looks for a retail customer for the energy his plant produces).  
 
A developer makes his money by taking development fees which are amortized as part of 
the projects capital, and often by retaining a portion of the projects ownership without 
having to go into his pocket for actual investment dollars (i.e. sweat equity).  For example if 
a project requires $4 million for completion, and is structured 70% debt and 30% equity, 
the equity investors would have to come up with $1.2 million.  If the developer wasn’t the 
equity investor but as part of his compensation he required retention of a 10% ongoing 
ownership interest in the project, the other equity investors who are investing in the project 
would need to come up with $1.2 million for 90% ownership (while the developer comes up 
with nothing, for a 10% ownership).  They owners would share in cash distributions from 
the project on a percent of ownership basis although often as part of the arrangement, the 
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developer may need to subordinate his return to the equity investors who have actually 
come up with the equity investment cash, on a cumulative preferred basis.  
 
Equity Investor  / Lender Role – In the development of energy assets, funding is required 
to acquire the equipment and build the asset.  Development, legal, permitting, financing and 
other costs will also need to be funded either through an equity investment or construction 
loan.   
 
The financial structuring in any project financing provides different levels of risk and return 
for the source of the debt or the equity investor.  The principal and interest due to the 
lender (debt source) have a preferred draw on available cash flow and only after this is 
paid, can the balance of cash flow be used as dividends to the owners or, retained in the 
project for future use or distribution.   
 
The category of equity investor can be further broken down or stratified into “preferred” or 
other forms of mezzanine financing that is distinguished by a higher priority on cash flow 
distributions from a base equity investor (but not as high as the lenders enjoy).   
 
A project may end up having several levels of financing structure such as primary lender, 
mezzanine finance, preferred investor and straight equity investor.  The equity investor 
should require the highest level of return, while the primary lender should require the 
lowest level of return since they get the first draw on cash flow and their risk is lower.  
Often structuring can be further complicated by offering convertible features (e.g. 
construction funding is convertible to permanent financing or even equity, or permanent 
loans are convertible to equity) at each point in time when funding is required.  With debt 
funding, often there are two or more “tranches” of debt with differing draw schedules, 
coupon rates, terms, etc.  
 
Many considerations go into deciding what level of return is suitable for a given project.  
Among the most important in evaluating the risk is the credit worthiness or long term 
business prospects of the party who will be holding the energy purchase agreements 
(power and thermal energy customer) in the projects.  An investor or lender wants to be 
certain the energy purchaser has the financial capability and expected life cycle to meet its 
obligations over the entire length of the contract.  If not, owners and lenders may be faced 
with the expensive and time consuming process of workouts which require them to either 
reposition the asset or locate another party to take the output at terms and conditions 
which may not be market based or as favorable as those in the original contract.  One need 
only refer to the loan workouts many real estate lenders are currently undertaking under 
today’s suboptimal conditions,  to understand how this possibility can severely impact the 
attractiveness of any project.   
 
A paradox of energy asset financing has historically been that an investor or lender finds 
that anyone they feel comfortable in lending money to, usually doesn’t need their money 
and conversely, anyone who needs their money, the investor or lender doesn’t feel 
comfortable advancing funds to.  This is why it is very important to locate credit worthy 
host sites or customers, and to sell the concept of third party ownership to them on the 
basis of the added value the guarantees on construction cost, availability and efficiency that 
a third party owner will be offering bring to the proposition.       
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Normally a debt to equity structure in the 70/30 (loan/equity) range is probably a good 
planning number.  In markets favorable to borrowers this might increase to 80/20 and in 
conservative lending environments, this may decrease to 60/40.  The amount of debt that 
can be borrowed is usually backed into using a minimum of a sustainable 1.5 coverage ratio 
(ebitda/debt service) over the entire life of the project. 
  
With regard to required returns, an acceptable return on a pre-tax basis is probably in the 
22-25% (project life IRR basis) assuming the credit risk of the customer and the 
performance risk of the project is fairly benign.  This would convert to a 12-15% basis on an 
after tax basis.   
 
Prototypical Cogeneration Third Party Ownership Opportunity      
 
Let’s look at a hypothetical example to illustrate how a third party may participate in, and 
analyze a cogeneration opportunity.  Fairfield University, a private university in New 
England, had an off tariff rate agreement (“OTRA”) for electrical service from their local 
electrical utility.  The OTRA agreement has been very lucrative for the university in that 
they have been getting electrical service at $0.04 to $0.07 less than what they would 
otherwise pay without the OTRA.  The OTRA which is close to six years old, will be expiring 
within the next year at which time the university will revert to the standard tariff 
agreements if they continue to take electrical service from the incumbent regulated utility.   
 
The university already has a central utility facility on campus with a four-pipe thermal 
district energy distribution system that services a large number of campus buildings with 
cold water for air conditioning in the summer and hot water for heating in the cooler 
months.  The central utility facility (“CUF”) which generates this hot and cold water has 
relatively new and efficient boilers and electric driven chillers.  There is plenty of 
redundancy built into the heating and cooling plant at the CUF: 

• Five boilers total 64,400,000 BTU’s per hour of output capacity with peak winter 
loads less than half of that total. 

• Three chillers total over 2000 tons of capacity with summer peak loads rarely over 
1250 tons. 

 
Gas prices are forecast to be $7.80 delivered to the burner tip at the college. 
 
The critical “do nothing” alternative prices (prices after the OTRA expires and the university 
receives its electric from the local utility and makes hot and cold water in their CUF) are: 

• Electricity $0.14 per kwh 
• Hot Water $9.80 per MMBTU 
• Chilled Water $15.67 per hundred ton hours 

 
These are the prices a cogeneration developer would look to better if he had any hope of 
getting the university to opt for a third party ownership scenario.   
 
The size and scope of the potential cogeneration job would be a function of the energy 
needs.  Looking at the demand curve for the buildings served by the CUF, the measured 
monthly peak demand and calculated monthly and annual average demands are as follows: 
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In sizing a cogeneration plant, if a developer / engineer is developing a topping cycle plant 
(where the plant is designed to produce an given electrical load first, and thermal loads are 
by-products) he will try to size the plant at the base load, or the minimum load in KW that 
could be running 24 hours a day, 7 days a week, 365 days a year.  In this manner he will 
avoid purchasing capacity that rarely runs, or if running will run at a significant “turn down” 
to design capacity where efficiency is affected.  Whether or not an average is close to the 
base load requires judgment on behalf of the designer as to how the user operates the 
campus buildings.  In this case it has been determined that the minimum monthly average 
demand of 2 MW is a good indication of likely base load.   
 
The recorded CUF electric usage in KWH per month is as follows and exhibits the expected 
up turn in consumption during the warmer months as air conditioning loads from electric 
chillers kick in: 

Fairfield University

CUF Electric Usage in KWH by Month
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Once the electric capacity of the cogen plant is decided, the designer needs to look at how 
the plant can use the waste heat in order to defray the amount of natural gas-fired, boiler 
produced hot water and, electric chiller-produced cold water.  This requires an examination 
of the historical operating load curves and characteristics of the existing boiler and chiller 
plant. 
 
For the university, the fuel consumption of the boilers which make hot water, and the 
amount of hot water produced by month was found to be as follows 

Fairfield University CUF Boiler House 

Fuel Consum ption and Hot Water Production by Month
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Breaking this hot water consumption down further to an estimated per hour average 
reveals the following:  
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Fairfield University - Estim ated Average 

CUF Hot Water Production per Hour
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The CUF plant operators have recorded the tons of chiller capacity that are normally 
running over the course of the year and this is illustrated in the following table: 

Fairfield University

Estim ated CUF Chiller Capacity Running (tons)
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Breaking this down further to the estimated consumption of chilled water ton hours from 
the existing chillers: 

Fairfield University

Estim ated Chiller Ton Hours from  CUF
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Given these load factors, the existing plant capacities at the CUF and current and projected 
energy pricing (utility supplied electric, natural gas, etc.) the cogen developer’s engineer 
recommends an investment in a natural gas fired, reciprocating engine genset with a heat 
recovery boiler and an absorbtion chiller.  His recommended capacities on the primary 
pieces of equipment are: 

• 1.9 MW natural gas fueled genset 
• 360 ton absorption chiller 

 
The genset and heat recovery hot water boiler will generate in excess of 27,000 MMBTU of 
hot water over the course of the year given the cogen unit’s electric run profile.  Capitalized 
costs for the project are estimated at $4 million broken down as follows: 
 
Turnkey construction costs   $3,000,000 
Engineering costs        250,000 
Developer Cost recovery fee       150,000 
Legal and Advisory fees       100,000 
Permitting fees              100,000 
Equity financing fees          15,000 
Lender fees           50,000 
Interest during construction                       50,000 
Debt Service Reserve        100,000 
Working Capital        100,000 
Startup Costs           50,000 
Contingency           35,000 
  Total   $4,000,000 
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A survey of current lending market conditions indicates that the best lending terms 
available on the project, that will support a 1.5 coverage ratio in the early years, results in 
an expected structuring of 75% debt and 25% equity. 
 
After extensive financial modeling and analysis, that is geared toward pricing the cogen 
plant outputs (electric, hot water, chilled water) to the customer at prices that will result in 
a pre-tax IRR of around 25%, the developer has arrived at first year pricing that results in 
customer projected annual savings of $502,400 over the projected “do-nothing” budget of 
$2,726,700 (18.4%) for the quantity of energy outputs the plant will be generating.  These 
savings are after the developer has been paid his fee, the various suppliers to the project 
have been paid for their service, debt has been serviced and the equity investors have 
attained cash flow that will result in their pre-tax IRR of 25%.  After all this has been paid 
for or earned, the savings from having to acquire a similar amount of electric, hot water and 
cold water from non-cogen plant sources still amounts to $502,400.   The following table 
illustrates the comparative pricing (cogen versus no cogen), customer expenditures under 
each case, and projected savings. 

Cogeneration Alternative Savings Summary

$502,400$2,224,300$2,726,700Total

$79,300$168,200$247,500Chilled Water

$63,900$204,300$268,200Hot Water

$359,100$1,851,900$2,211,000Electric

Savings

-32.0%$10.65$15.67Chilled Water per 

hundred ton hours

-23.9%$7.46$9.80Hot Water per 

MMBTU

-16.2%$0.1173$0.1400Electric per kwh

% ReductionCogenNo Cogen

  
 
Now we have a good idea of what the value proposition the cogeneration plant developer 
will be selling to the host site or energy user is.  It should be a broad based sales pitch that 
illustrates the benefits of the project to the customer including: 

1. Annual energy savings versus a no-cogen case of $502,400 or 18.4% 
2. No capital investment required of the customer 
3. No construction or permitting responsibility for the customer 
4. No ongoing air permit obligations for the customer 
5. No maintenance agreements or obligations for the customer 
6. Improved predictability of energy costs 
7. Increased electric, hot water and chilling reliability given the redundancy a 

cogeneration system offers 
8. A better environmental profile 



 11 

9. Guarantees on construction cost, performance (attaining heat rate, etc.) and 
availability (the plant runs the number of hours planned for) from a credit worthy, 
reputable owner. 

 
The applicable financial statements over the first five years of operation for the investor 
entity that would own this project would look like this: 
 

University Cogen LLC      
        
   Year 1 Year 2 Year 3 Year 4 Year 5 
        
Income Statement:       
Electric Revenue  $1,852 $1,876 $1,900 $1,925 $1,950 
Hot Water Revenue  $204 $208 $213 $217 $221 
Cold Water Revenue  $168 $172 $175 $179 $182 
 Total Revenue $2,224 $2,256 $2,288 $2,321 $2,353 
        
Fuel   $1,202 $1,226 $1,250 $1,275 $1,301 
Fixed O&M  $318 $324 $331 $337 $344 
Variable O&M  $60 $60 $60 $61 $61 
 Cost & Expenses $1,580 $1,610 $1,641 $1,673 $1,706 
        
EBITDA   $644 $646 $647 $648 $647 
Depreciation  -$190 -$190 -$190 -$190 -$190 
Interest Expense  -$217 -$201 -$183 -$164 -$143 
Pre-tax Book Income $237 $255 $274 $294 $314 
        
Cash Flow Statement:      
Book Income  $237 $255 $274 $294 $314 
Depreciation  $190 $190 $190 $190 $190 
Principal Payment  -$212 -$228 -$246 -$265 -$285 
Cash for Distribution $215 $217 $218 $219 $219 
        
Balance Sheet:       
Working Capital  $100 $116 $134 $153 $173 
Debt Reserve  $100 $100 $100 $100 $100 
 Current Assets $200 $216 $234 $253 $273 
        
Gross Fixed Investment $3,800 $3,800 $3,800 $3,800 $3,800 
Less: Accumulated Depreciation -$190 -$380 -$570 -$760 -$950 
Net Fixed Investment  $3,610 $3,420 $3,230 $3,040 $2,850 
        
 Total Assets $3,810 $3,636 $3,464 $3,293 $3,123 
        
Debt Balance  $2,788 $2,576 $2,348 $2,102 $1,837 
        
Paid In Capital  $1,000 $1,000 $1,000 $1,000 $1,000 
        
Starting Retained Earnings $0 $22 $60 $116 $191 
Plus Net Income  $237 $255 $274 $294 $314 
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Les Distribution of Cash -$215 -$217 -$218 -$219 -$219 
Ending Retained Earnings $22 $60 $116 $191 $286 
        
 Shareholder Equity $1,022 $1,060 $1,116 $1,191 $1,286 
        
 Total Liab. &  Equities $3,810 $3,636 $3,464 $3,293 $3,123 

 
 
 For the developer, equity investor and fuel supplier, their benefits include: 

1. Increased energy-based annual revenues of $2.2 million+ 
2. Annual cash flow of over $200,000 on an initial investment of $1 million yielding a 

pre-tax IRR in the mid-twenties when looked at over the 20 year life of the project. 
3. A development fee of $150,000 (not included in the $200,000 of cash flow cited 

above because someone would have to be compensated for development activities) 
 
Conclusion 
 
Cogeneration can be an economically viable investment for facility owners or operators but 
whether the facility owner acts as his own developer, or works with another party to 
develop the project, a clear understanding of not only the technical aspects of the project, 
but also the contractual issues which make or break the project economically, is necessary 
before dedicating the substantial effort, time and expense in bringing the project to fruition.    
 
Shoreline Energy Advisors is experienced in the development of energy projects and 
cogeneration in particular and can provide you with feasibility, design, financial structuring 
and sourcing, construction management and post construction operations and maintenance 
services that will ensure your project is developed in a manner that will achieve your 
financial and operational goals.   


