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ABSTRACT

	 Managing energy costs in mid-size industrial and commercial firms 
is a complex problem that often focuses on the direct costs of energy re-
sources (electrical energy, gas and oil), to exclusion of other components 
of the total life cycle-cost of owning and running a business operation. 
Such a system life-cycle cost is affected over time by commodity and en-
ergy costs, energy availability and reliability, operation and maintenance 
costs/investments and the costs of emissions. More recent publications 
focus real cost models of energy management and take into account cost 
control, risk reduction and efficiency improvement. Costs and invest-
ments associated with reliability and demand pricing are often over-
simplified or not included in the costing models. This article explores 
methods for extending the real options and cost models to include costs 
of reliability, demand pricing, emissions pricing and commodity pricing 
to allow the real cost models to be used as comprehensive methods 
for energy efficiency management. Note ownership or financial costs 
are typically included in the demand cost—which is often considered 
a capital recovery factor. Costs of reliability of different microgrid con-
figurations are discussed and numerical examples for microturbine and 
cogeneration scenarios are presented.
	 Key Words: cogeneration, consumption pricing, cost options, de-
mand pricing, distributed generation, emission pricing, energy sufficien-
cy, life-cycle cost, real options, reliability cost, zero cost, zero variance.

INTRODUCTION

	 The emergence of distributed generation presents a challenge to 
established energy management methods. The private control over a 
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microgrid provides lower energy costs, but increases the management 
burden. Energy sufficiency, the degree to which one controls one’s own 
energy supply, necessitates a forward-looking energy management pro-
cess that follows zero cost and zero variance principles, under an overall 
system life-cycle-cost approach.
	 The energy management process described in the paper “Energy 
Sufficiency Kaizen” (Overturf et al. [1]) relies on cost model for differ-
ent sources of energy. This article provides a more detail description 
of cost structures relevant to decisions involved in investment and op-
eration of distributed generation assets and its impact in the life-cycle 
cost/profit of running a business. To illustrate the case, just imagine the 
cost-effectiveness of powering an airport, hospital or resort using poorly 
maintained diesel generators alone, fired with locally supplied fuel.

ENERGY SOURCES AS PORTFOLIO OF ASSETS

	 Energy sources considered as portfolio of assets, each associated 
with certain market contract for supply of energy, are described in detail 
in the energy sufficiency paper and also depicted in Figure 1.
	 In different time steps various energy contracts are realized based 
on availability and price of different energy sources. The objective of the 
planning phase of on-site generation systems is to ascertain the economic 
value of different energy investments under uncertainty using the real 
options methods. For a detail review of capital investment decisions 
based on real options refer to Dixit et. al [3] and Siddiqui et. al [4][5]. 
This article proposed inclusion of commodity, reliability and emissions 
pricing into the real options methods.
	 Once on-site generation resources exist there is the on-going deci-
sion making process of dispatching the available resources based on 
actual prices associated with the contracts. It is part of normal operation 
and maintenance of the energy resources. The concepts of continuous 
energy productivity improvement and Energy Kaizen are described in 
Overturf et. al [1][2]. The remainder of this article further develops the 
methods for accounting for energy costs as well as accounting of the 
impact of reliability of different energy sources on the economic value 
production of a business. The purpose of including the additional cost 
components of the energy resources is to provide a real energy costs 
bases of production, as opposed to averaged energy costs. Averaged 
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Figure 1. Exercised Cost of Options of Portfolio f (Γ(f,t))

costs may not reflect the proper relationships between the economic 
output of the enterprise and the energy costs.
	 The real cost function will be described by the following equation. 
Each component of the cost will be subsequently treated in more detail.

	 Γ r(Φ,x) = Λ + ∑ j = 1
n + k cxj• dxj + γxjd + exj• U dxj– dtj + oxj 	 (1)

Where
	 Γr(F,x)	 =	 Real cost for of the resource portfolio F at time step x.
	 Λ	 =	 Economic loss function
	 n	 =	 Number of energy resources (off-site).
	 k	 =	 Number of energy resources (sufficiency on-site resources).
	 cxj	 =	 Commodity price of energy per volume for resource j at 

time step x.
	 dxj	 =	 Volume of energy provided by resource j at time step x.

	 γxj
d 	 =	 Demand charge associated with resource j at time step x.

	 exj	 =	 Emission price per volume of energy for resources j at time 
step x.

	 U(z)	 =	 Threshold function, explained below in emissions pricing 
section.
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	 dtj	 =	 Threshold of energy volume above which emissions pric-
ing applies for resource j.

	 0xj	 =	 Operations and maintenance costs associated with resource 
j at time step x.

Portfolio Real Cost Model
	 The basic energy cost equality is c * d, or unit cost times volume. 
This cost accounting takes into consideration average cost of energy. 
Using average energy costs may be adequate in simple scenarios, but 
as other components of the energy costs increase, using averages will 
tend to distort the economic decisions reached through the analysis. 
Additional cost factors considered in the article will include emissions 
pricing, demand charges and costs associated with reliability and its 
impact on loss of production.

EMISSIONS PRICING

	 Sustainability accounting requires that no further cost is incurred to 
anyone after process use, i.e., an indefinitely intact resource balance sheet.
	 Consider that today most western city dwellers pay for their water 
supply twice: once for the water, and once for subsequent waste treat-
ment. This cost burden was inconceivable 50 years ago. Some localities 
even have 2 meters that measure the flow of incoming fresh water and 
outgoing waste water. This allows for a more precise cost allocation of 
fresh water supply and waste water treatment.
	 Analogous to water pricing, the offset environmental costs of en-
ergy purchases can be modeled as a simple multiplier sensitive to vol-
ume, called ex. However, unless this value is reflected consistently in the 
balance of payments, its inclusion is voluntary. Further, if offset market 
receipts are to have any meaning in portfolio considerations, the cor-
responding expense must be captured at this level.
	 For example, Table 1 shows actual contracts traded in June 2011 for 
Landfill Gas emissions offsets on Intercontinental Exchange (ICE) mar-
ket. The contracts were valued at $1.25 per metric ton of avoided meth-
ane gas emissions. ICE offers some of the contracts previously traded 
on Chicago Climate Exchange CCX [8].
	 If the facility had access to locally produced methane (e.g. digester) 
that could be converted into thermal and electrical energy, the additional 
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source of revenue could be realized from the offset market. In such case 
the offsets could be treated as negative price, reducing the cost base of 
the energy.
	 The emission pricing can be expressed in the following formula:

	 E = j = 1
n + k e j• U dj– dtj 	 (2)

Where,
	 ej	 =	 Emissions pricing rate in $/volume of energy for resource 

j.
	 dj	 =	 Volume of energy consumed from resource j.
	 dtj	 =	 Threshold volume of energy consumption from resource j, 

beyond which emission pricing applies.

	 	
	

U(x) = x, x ≥ 0
0, x < 0 – Threshold function.

DEMAND CHARGES

	 Market supplied energy, in gaseous, electrical, or any other form, 
does not follow a linear cost curve. For example, in the electrical indus-
try, concerns for capacity of the transmission and distribution network 

Table 1.
ICE Landfill Gas Emissions Offsets: Actual Contracts Traded in June 2011
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require peak load considerations. Similar rules apply to natural gas or 
oil storage and distribution. The energy supply is not infinitely elastic; 
therefore, utility companies transfer their capacity ownership and finan-
cial and maintenance costs through so-called demand charges, which can 
be modeled as:

	 γd = cd • max τ=0→(T–Δt) 1Δt L(τ)dτ
τ

τ+Δt
	 (3)

Where,
	 γd	 =	 Demand charges [$]
	 cd	 =	 Demand rate [$/kW]
	 τ	 =	 Time variable [hours]
	 T	 =	 Billing period, typically a month [days * 24 hours]
	 Δt	 =	 Sampling period, typically 15 minutes [0.25 hours]
	 L(t)	 =	 Instantaneous load in [kW]

Note that in Equation (3) the expression between parentheses is the 
Billing Demand, D(t).

	 Demand charges must be included for most large electrical grid 
contracts. Therefore, the actual price for grid contract m must use an-
ticipated load profile data. Some utilities may apply so called “ratchet 
demand charges” where the demand charge in a given billing period 
cannot be less than a certain percentage of a past peak demand charge. 
Demand rate may vary with time of day, further complicating the pric-
ing formula.
	 Following is an example of the demand charge calculation.

Example 1: Billing Demand
	 In Figure 2, the period ∆t contains the highest rate of energy drawn 
during the billing period T (∆t e T). The instantaneous load during the 
period ∆t is:

	
L(t) =

200 [kW],

100 [kW],

0 t < t
2

t
2 t < t 	 (4)

	 The billing demand rate is cd = $10.00 per kW of the load averaged 
over a sampling period ∆t = 15 minutes [0.25 hours].
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	 So the billing demand D(t) is:

	

1
Δt L(τ)dτ

τ

τ+Δt
= 1
Δt L(τ)dτ +

0

Δt
2 L(τ)dτ

Δt
2

Δt

	 1
Δt τ

τ+Δt
L(τ)dτ = 1

0.25 200dτ
0

0.125
+ 100dτ

0.125

0.25

1
Δt

τ

τ+Δt
L(τ)dτ = 1

0.25 200τ |0.1250 + (100τ)| 0.25
0.125 = 1

0.25[25 + 25

– 12.5] = 150 kW
	 	 (5)

	 	 The demand charge for at billing period (usually a month) 
would be:

	 γd = 150 kW • $10/kW = $1,500

	 If such a peak occurs only once during a billing period the demand 
charges are applied for that month. An extreme example would be if the 
facility turned on its equipment for the 15-minute period and then did 
not turn on any equipment for the rest of the month. The total charges 
for energy and demand charges would be:

Figure 2. Demand is the highest instantaneous load over time.
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	 cx1 = $0.15/kWh

	 dx1 = 200 kW • 0.125 hours + 100 kW • 0.125 hours = 37.5 kWh

	 	 $
	 cx1 • dx1 = 0.15	——	 • 37.5 kWh = $5.625
	 	 kWh

	 The total cost for the billing period not counting basic service 
charges and other charges would be $1,505.63.

THE COST OF UN-RELIABILITY, OR
THE VALUE OF RELIABILITY

	 In cases where the downtime of energy resources results in signifi-
cant loss of economic output, it is important to include their availability 
into the cost equation. We propose to remedy this with a reliability cost 
factor in the real cost equation, in terms of the energy system’s avail-
ability.
	 Generally speaking, availability of an energy resource, market or 
sufficiency, is the percent of the time such a resource is available when 
it is needed. It can be expressed as

	 	 MMTTF
	 Availability =	 ————————————	 (6)
	 	 MTTF + MTTR + MTTM

Where, MTTF is Mean Time To Failure, MTTR is Mean Time To Repair, 
and MTTM is Mean Time To Maintain. All variables have the same 
units of time [e.g. hours] per some standard period such as a year, 
expressed as H hours of operation per year (between 1 to 8760 hours). 
Refer to Brown et al. [7] for reliability of electric power distribution 
networks.
	 The downtime in hours per year can then be calculated as follows:

	 Downtime = (1 – Availability) • H	 (7)

	 If the loss of the economic output due to 1 hour of downtime is 
established to be g, then the expected annual loss of economic output is:
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	 Λ = g • (Downtime)	 (8)

	 The annual loss of economic output Λ, as considered in this article 
is the result of disruption in supply of energy needed for a business 
process. Disruption of energy supply could be a result of many different 
factors. Each of the energy resources will have a certain characteristic 
reliability performance that will be further considered in this article.
	 There are at least two ways to accomplish the integration of the 
loss function with energy costs.

(a) The most intuitive way is to include the loss function as an additive 
component of the overall portfolio cost:

	 Γ r(Φ,x)= ^ + cxj• dxj + γxjd + exj • U (dxj – dtj) + oxjΣ
j = 1

n + k
	 (9)

(b) Another way of factoring reliability could use multiplicative cost 
factor. (See Overturf et al. [2] p.45.)

Computation of Λ is demonstrated in the following example.

Example 2: Value of Reliability of a DG System
	 For an example of the cost of un-reliability in terms of loss of eco-
nomic output, consider a simple distributed generation (DG) scenario 
of an industrial plant that is supplied with electrical energy from three 
resources: the grid and two turbines. In addition, in this example we will 
estimate the value of reliability of DG. All the possible states of this DG 
system are listed in Table 3. The plant shown on Figure 3 can produce 
at full capacity when supplied either by the grid or two turbines. When 
there is no electricity from the grid and only one turbine is running, only 
half of the capacity can be produced. (See states 6 and 7 in Table 2.)
	 The system states can also be visualized with the Venn diagram 
shown in Figure 4.
	 The plant output in relation to the different states of the electrical 
energy resources is summarized in Figure 3. For example, state 2 (s2) 
in the Venn diagram indicates that turbine #2 is off, however the plant 
can continue to generate 100% of output since the grid and turbine #1 
are ON.
	 Assuming that the plant operates for 16 hours per day (two 8-hour 
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Figure 3. A DG System: A plant with three energy sources.

Figure 4. Venn diagram showing eight (8) possible DG system states

Table 2. Possible States for DG System Example 2
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shifts—maintenance time not counted as generating revenue), 358 days 
per year (assuming 1 week shut down) for a total of 5,728 hours of op-
eration, it produces product or revenue at a rate of λ = $10,000 per hour. 
Hence, the ideal situation when fully operational for the year would 
generate O = $52.8 million of revenue.
	 But utility power supply is not perfect, and the electrical supply 
from the grid is down on average for 16 hours. (During the plant operat-
ing hours, one day per year downtime means 99.697% grid availability.)1 
During a typical year, the economic value lost will equal Λ1 = $160,000 
per year.
	 However, consider that we install 2 on-site turbines with average 
downtime of 24 hours each. (During production time, 2 days per year 
downtime means 99.545% turbine availability.)2 The economic loss due 
to power interruption is reduced to under Λ2 = $728 per year. The actual 
probabilities of the different system states and the associated values of 
production are summarized in Table 3.
	 Therefore, the savings, or the value of reliability resulting from the 
DG system is the difference Λ1 – Λ2 = $159,272 per year.
	 By installing 2 turbines (that individually are not as reliable as the 
grid) we have effectively eliminated the probability of a total interrup-
tion of production from the plant. There is a probability of 0.003% that 
the plant production will be reduced to only half of the full capacity, 
but the total average loss is now only $728 per year. That is a significant 
reduction from $160,000 expected loss with grid only. Thus the reliability 

1. Grid Availability = (11 – 16 hours/5728 hours) * 100% = 99.697%
2. Turbine Availability = (1 – 24 hours/5728) * 100% - 99.545%

Table 3. DG System States Probabilities and Associated Production Values



Vol. 27, No. 2     2012	 17

value of the DG system is $159,272 per year.
	 The amount of investment required for the turbines depends on 
energy intensity of the plant’s process. In this simple example, an in-
vestment of $160,000 would purchase about 60kW-70kW worth of mi-
cro-turbines and have a simple payback of one year (assuming light 
manufacturing process). However, one would not justify investment in 
an on-site generation turbine only for backup purposes. In a more com-
plicated scenario where the plant uses both electrical and thermal energy 
installing cogeneration, or combined heat and power (CHP), turbines 
will supply energy at a potentially lower cost than separately purchas-
ing electricity and thermal energy from natural gas, etc. A biomass or 
natural gas-fired cogeneration system would supply all of the thermal 
needs of the plant and generate the electricity from the 2 turbines. In 
such a system the preferred operating state would be state S5 when 
both turbines are operating, and the grid is essentially there for backup 
only. Now, in addition to reduction in loss of production, the plant can 
realize additional savings by utilizing fewer energy sources, savings that 
can be computed using the real cost model.

Reliability Considerations of Renewable Resources
	 It should be noted that inclusion of non-dispatchable resources 
such as PV solar and wind may or may not change the reliability of 
the system. Due to safety requirements imposed on grid-interactive PV 
and wind systems, such intermittent systems have to shut down in case 
of grid failure; hence, they are typically not suitable as backup resources. 
In such cases on-site PV and wind systems can be treated as a purely 
stochastic energy source with a predetermined (amortized investment 
plus operating costs per kWh) cost. If the systems were sized properly 
the goal would be to utilize these sources whenever the solar and wind 
energy supply is adequate.
	 Uninterrupted plant production cannot rely solely on these inter-
mittent resources and the grid—thus making DG turbines the essential 
dispatchable resources. If the DG microgrid (grid and turbines supplying 
a plant) is designed properly, the economic loss of output should be af-
fected only by the reliability of dispatchable resources or turbines. Stat-
ing it differently, the non-dispatchable resources affect only the energy 
cost portion of the equation. Coupling of energy storage resources such 
as compressed air or fly wheel based technologies can be used with PV 
and wind resources to create a dispatchable energy resource.
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	 For extensive treatment of renewable electric power systems refer 
to Masters [6].

Generalized Formula for n Energy Conversion Systems
	 We now derive formulas for a more complex energy source sce-
nario with n different sources. The example of 2 turbines and the grid 
supplying the plant can be generalized to n different resources using 
the following formulas:

	 Pk = δ ipiu + 1 – δ i pidΠ
i = 1

n

	 (10)

Where,
	 Pk	 =	 Probability of system state k
	 n	 =	 Number of resources
	 piu	 =	 Probability of resource i being up.
	 Pi

d	 =	 Probability of resource i being down.
	 δ i

k	 =	 State of resource i (0 when down and 1 when up) during 
system state k.

	 The resource is considered up when it is ready to supply energy, 
not necessarily when it actually supplies the energy.

	 Next, the expected production is

	 Ek =
1, δ i

k • pik ≥ 1Σ
i = 1

n

δ i
k • pik, OtherwiseΣ

i = 1

n 	 (11)

Where,
	 Ek	 =	 Expected production output during system state k (decimal 

proportion of production between 0 and 1)

	 n	 =	 Number of resources

	 pik	 =	 Production percent enabled by resource i (decimal propor-
tion of production between 0 and 1) during system state k. 
(Explained in the following example.)

	 δ i
k	 =	 State of resource i (0 when down and 1 when up) during 

system state k.
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	 The expected system production output for an operating period 
such as a year, expressed as hours per period. (For a period of one year 
the hours would be between 1 and 8760).

	 E = Ek • Pk • λ • HΣ
k = 1

2n

	 (12)

Where,
	 Ek	 =	 Expected production output during system state k (decimal 

proportion of production between 0 and 1)
	 Pk	 =	 Probability of system state k
	 n	 =	 Number of resources
	 γ	 =	 Value of production [$] per 1 hour of operation.
	 H	 =	 Number of operating hours per year.

	 The reliability loss function Λ can then be defined as a difference 
between ideal operating hours (e.g. full 8760) and the expected produc-
tion E.

	 Λ = γ • H – E	 (13)

Example 3: The Value of Reliability with Cogeneration Resources
	 Consider a similar plant as in Example 2, but now the plant re-
quires both electrical and thermal energy sources. The 2 turbines are 
used in cogeneration mode, and each can supply 50% of electrical and 
thermal demand of the production process. The turbines could be fired 
by biomass, making them independent from the supply of natural gas 
and grid electricity. Two additional resources are 2 natural gas-fired boil-
ers that can supply 50% of thermal demand each. The boilers together 
with the grid can supply 100% of thermal and electrical demand. If 
Turbine 1 or 2 is down, then boiler 1 or 2 can pick up the thermal 
demand respectively and the grid can pick up the electrical demand. 
Configuration of the cogeneration system is shown in Figure 5.
	 Table 4 lists all of the possible system states and their respective 
probabilities and expected production value. Some states (e.g. state 32) 
have several possibilities for satisfying energy requirement. The plant 
operator could use the grid and boilers or the turbines to fulfill the 
energy demand. The operational choice would be done based on cost 
analysis. However, all of the possible system states are considered for 
the probability analysis.
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Figure 5. Cogeneration System

	 Computation of the proportion of production enabled by resource 
j in state k is directly dependent on the system configuration of the 
different energy conversion resources and their contribution to the pro-
duction process. In cases where number of system states is small, such 
as in this example, the proportion of production for each state k can be 
pre-computed as shown in Table 4, column “Plant Output.”
	 A more general method is to use a vector description for each state 
k of the form:

	 ρk = ρ0
k, ρ1k,…, ρnk

	 For example in states 1 through 16 the following vector describes 
the relationship of the turbines and production.

	 ρ1,,16 = {0, 0.5, 0.5, 0, 0}

	 This represents the situation where the turbines contribute 50% 
of the production. In states 1 through 16 the grid is down, therefore 
the status of the boilers is irrelevant since without electrical energy the 
production cannot continue anyway.
	 For states 17 through 20 the vector would be:

	 ρ17,,20 = {0, 0, 0, 0.5, 0.5}
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Table 4. Possible States for Cogeneration System of Example 3

	 In these states production can be satisfied only through a combina-
tion of boilers and grid. The entry 0 for the grid indicates that it cannot 
satisfy the production by itself; thermal energy is needed.
	 For states 21 through 24 the vector would be:

	 ρ21,24 = {0, 0, 0.5, 0.5, 0}
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	 For states 25 through 28 the vector would be:

	 ρ25,,28 = {0, 0.5, 0, 0, 0.5}

	 For states 29 through 32 the vector would be:

	 ρ29,,32 = {0, 0.5, 0.5, 0.5, 0.5}

	 The system parameters assumed for the example are:
•	 Factory operating hours 5,728 per year (16 hours per day—358 

days).
•	 Grid downtime is 16 hours/year.
•	 Turbine #1 downtime is 20 hours/year.
•	 Turbine #2 is 30 hours/year.
•	 Boiler #1 and #2 downtime is 50 hours/year each.

	 In the base case, when the grid can supply all the power and the 
boilers the heat without need for the turbines (states 17 through 32) the 
expected production output Σ E 17,32 = $57,117,825/year.
	 When the grid is down, heat and power are solely supplied by 
the cogeneration turbines and the boilers (states 1 through 16), and the 
expected production output Σ E 1,16 = $159,298 per year. This is the 
value of cogeneration reliability. Note the value of the total expected 
production for all sates is Σ E 1,32 = $57,117,825 + $159,298 = $57,277,123 
per year.
	 Of course, in addition to reliability savings, we need to factor in the 
fact that cogeneration can be twice as energy efficient (as high as 80% 
overall system efficiency) than heat and power supplied independently 
from boilers and the grid (30 to 50% cycle efficiency, depending on actual 
fuel sources and performance).

CONCLUSION

	 This article has demonstrated how to extend the real cost models 
over the life cycle of energy systems to include all relevant demand 
charges, emission charges, operating and maintenance costs and reli-
ability impact on economic output. Note that we don’t specifically ac-
count for separate ownership or leasing, nor financial costs, in this article 
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since we consider them part of the demand charges. By considering the 
different energy cost components, rather than average energy costs, the 
real cost model can become a better tool in optimizing enterprise energy 
efficiency. Trade-offs between investments in various on-site energy con-
version technologies can be more precisely assessed when taking into 
account their inherent reliability and operating costs. Investments in on-
site energy conversion systems such as micro-grids was demonstrated 
to have a significant impact on reducing potential economic losses due 
to exposure to a single energy resource such as grid or natural gas.

Bibliography
[1]	 Overturf, M., Chrosny W. & Stine R. (2011). Energy Sufficiency Kaizen Achiev-

ing: Zero Energy Cost and Variance with Sufficiency-inclusive Private Energy 
Portfolios. Distributed Generation and Alternative Energy Journal Vol. 26, No. 4, 
pp. 36-56.

[2]	 Overturf, M., & McKnight, D. (2011). Managing Energy Productivity with a Sus-
tainable Energy Index. Strategic Planning for Energy and the Environment.

[3]	 Dixit, A., & Pindyck, R. (1994). Investment under Uncertainty. Princeton, NJ: 
Princeton University Press.

[4]	 Siddiqui, A., & Maribu, K. (2009). Investment and Upgrade in Distributed Gen-
eration under Uncertainty. Energy Economics, 31 (1), 25-37.

[5]	 Chronopoulos, M., De Reyck, B., & Siddiqui, A. (2010). Optimal Investment un-
der Operational Flexibility, Risk Aversion, and Uncertainty. European Journal of 
Operational Research.

[6]	 Masters, G.M. (2004). Renewable and Efficient Electric Power Systems. Hoboken, 
NJ: John Wiley & Sons, Inc.

[7]	 Brown, R. E. (2009). Electric Power Distribution Reliability, Second Edition. Boca 
Raton, FL: CRC Press.

[8]	 ICE Intercontinental Exchange information on Global Commodity, Currency, 
Credit & Equity Index Markets https://www.theice.com/about.jhtml

————————————————————————————————
ABOUT THE AUTHORS
	 Wojciech M. Chrosny received BSEE and MSEE equivalent de-
grees from Warsaw Polytechnic Institute in 1980, specializing in Power 
Electronics and Control systems. He joined Julie Research Labs in NYC 
in 1981 and was a chief engineer for automated calibration systems. In 
1982 he joined Pitney Bowes Inc. and was responsible for development 
of communications systems and embedded control systems. He received 
MSCS and Ph.D. CS degrees from Polytechnic Institute of New York in 
1986 and 2000, respectively. Dr. Chrosny has held a number of global 
engineering management and product development positions. He is a 
partner at Natural Power Solutions, LLC, an engineering consulting firm 
specializing in on-site energy generation system design. He is a member 



24	 Distributed Generation and Alternative Energy Journal	

of IEEE Power and Energy Society. He can be reached at al.chrosny@
nps-us.com.
	 Richard G. Stine received his BSEE degree from Bridgeport En-
gineering Institute (now Fairfield University School of Engineering) in 
1982. He has over 30 years of experience as a quality management pro-
fessional. He has been a leader in quality, reliability, failure analysis, 
competitive intelligence and process improvement. He is a partner at 
Natural Power Solutions, LLC, an engineering consulting firm special-
izing in on-site energy generation system design. He can be reached at 
richard.stine@nps-us.com
	 Michael C. Overturf is the principal founder and developer of Na-
dan Energy’s value proposition. He has a 30-year career spanning digital 
technology, manufacturing, logistics, management consulting, and merg-
ers and acquisitions. Most recently Mike was the Vice President, Strategic 
Development of Group 1 Software, acquired by Pitney Bowes in 2004. 
Prior to this, he was the Chief Operating Officer for Virginia Arbor, a 
furniture company with operations in Massachusetts, China, and Mexico. 
Mike spent 15 years advising companies in a wide variety of indus-
tries on productivity issues involving labor, material, energy, and capital 
management. He designed and constructed manufacturing facilities for 
discrete components production such as graphite-based silicon furnaces, 
consumer products, metal industrial products, and various services. As 
a Director of Operations for Alexander Proudfoot he engaged in value 
engineering and productivity improvement work for nearly 100 compa-
nies in Europe, the US, and Southeast Asia. He holds several patents. 
He can be reached at mike@nadanenergy.com


