
 

ABSTRACT: 

Distribution generation (DG) and microgrids integrated 

into the nation's distribution grid are the future of the 

nation's power supply; at the heart of any distributed 

generation model is reliable and resilient locally produced 

electricity. Developing the optimum platform for DG 

power generation - a platform that is acceptable to the 

utilities and to regulators - is of paramount importance for 

commercialization and marketplace acceptance. To that 

end, DERP TECH and the HyPer Lab at NETL in 

Morgantown WV have entered into a CRADA relationship 

(which is a Collaborative Research and Development 

Agreement) in order to design and optimize Advanced 

Hybrid Power Control Systems.   

This work is being done to advance distributed generation 

and microgrid controls for hybrid power that are for the 

utility industry; they will enable locally produced power 

generating stations to incorporate both fossil fuels (natural 

gas turbines) and non-fossil fuel sources (including PV 

solar), as well as integrating the most advanced fuel cell 

technologies for resilience and super-efficiencies. 

The CRADA will enable DERP Technologies to pursue its 

goal of designing an interconnection and power 

management device that enables the local distribution 

utility to readily integrate locally produced hybrid 

electricity into the feeder system and to create one or more 

microgrids per installation in its service territory. 
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Generation and Distribution Management at the 

Local Service Level with HYBRID POWER 

The advanced power controls are central to the successful 

scalability of such a generating system – they involve both 

 

 

 

 

 

 

dynamic and supervisory controls for the generation side of 

the DG equation.  The HEP/DG PCU merges other 

functions that involve designing interfaces with the utility's 

local distribution grid, including smart substation two-way 

communications and networking between DG sources 

located at critical nodes. 

Reliability and flexibility are two major goals of 

distribution utilities in the wake of SuperStorm Sandy and 

the retirement of older centralized power plants; it is the 

intent of the DERP TECH and NETL design team to enable 

the utilities to add DG and microgrids with the most 

efficient and reliable scalable power source possible. 

1. Extending the Useful Life of Fuel Cells 

 And central to their work is examining the gamechanging 

role that solid oxide fuel cells can play in the mix, in terms 

of a cleaner footprint and creating a far more responsive 

and reflexive local power supply, one that can react quickly 

to shifting loads and providing reliable power nearly 

instantaneously when there is a black-out or sustained grid 

power failure. Most significantly, research in the HyPer 

Lab at NETL has recently demonstrated that is a realistic 

objective to dramatically extend the useful life of utility-

scale fuel cells -- from the current life expectancy of 2 years 

to perhaps 10 or even up to 14 years IF and ONLY IF the 

fuel cell is used in the Hybrid Power Generation 

Configuration being worked on at the Lab AND if the 

correct Advanced Power Controls are developed to balance 

and optimize the power capabilities of all of the Hybrid 

Power Plant components. 

The Hybrid Power Generation method at the NETL HyPer 

Lab makes dynamic use of the coupling of an 

electrochemical device with a heat engine, or more 

specifically, a Solid Oxide Fuel Cell (SOFC) and a gas 

turbine. According to NETL findings, the synergies 

associated with coupling these systems in a hybrid 
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configuration provide the potential "for reaching the 

highest possible electrical conversion efficiency ever 

realized." This capability could be "transformative" and 

meet the broadest goals set by the Department of Energy 

(DoE) for reliable and abundant electricity. Furthermore, 

DERP TECH and NETL have agreed that the Hybrid Power 

Generation configuration can be the optimum foundation 

for utility-scale DG power production, both for civilian and 

for military use because it also holds much promise for 

microgrid power generation - to provide base-load power 

when the main power grid fails. 

Why the Hybrid Power Generation System is 

Well-Suited to a Decentralized Smart Grid 

Ever since Hurricanes Sandy and Katrina, utility 

companies have been changing their business model to 

accept and incorporate more clean energy into their energy 

portfolios while, at the same time, hardening the local grid 

to withstand heavy weather and adapt to disruptive events.  

Many States from the mid-Atlantic to New England have 

allocated significant funds and other incentives to build 

innovative microgrid demonstration sites and are now 

adding clean energy while retiring old fossil-fuel and 

nuclear plants.  Regulatory bodies in those States are 

struggling to catch up with these changes, but there are 

technological challenges for all stakeholders (political 

bodies, utilities, consumers) as we “bridge the gap” 

between the old and the new.   

And there doesn't appear to be a long-range plan at the State 

level to add microgrid and local power generation capacity 

to the local grid in a coordinated and strategic fashion – and 

so the local utilities have to accommodate more “DER” 

being added to distribution lines with every passing day. 

The advanced power controls for smart substation 

conversions that can integrate hybrid generation (multiple-

sources) of locally produced power at critical nodes can be 

possible with the device we call the HEP/DG Power 

Continuity Unit (PCU).  (The HEP/DG is DERP TECH's 

brand and it stands for “Hybrid Electric Power/Distributed 

Generation.”)   The HEP/DG family of power controls, 

including the PCU and the Power Protector, are designed 

with the intent of optimizing hybrid power generation for 

utility-scale distributed generation and creating microgrids 

during power failures. 

2.   Achieving Higher Efficiencies in Clean 

Energy Production for Wide-spread 

Distributed Generation embedded in the 

Local Distribution Network 

The most apparent synergy of integrating a fuel cell and a 

gas turbine is the gain of total system efficiency.  Using a 

turbine to recover electricity from the waste heat of the fuel 

cell system allows for such an increase through a 

combination of topping and bottoming cycle efficiencies; 

for hybrid systems, the fuel cell is generally used as the 

topping cycle with the turbine in a bottoming configuration.  

However, a hybrid system generally has efficiencies that 

are greater than the simple sum of its parts (up to 60% 

Higher Heating Value or HHV of coal). 

The incorporation of exhaust gas recuperators can provide 

pre-heat for the fuel cell and still further improve the 

efficiency of the turbine cycle.  In a similar fashion, the 

turbine cycle allows the fuel cell to be operated under 

pressure, improving fuel cell performance without a 

parasitic cost. 

3.  System Flexibility and Energy Security – 

Prerequisites for Resilient Microgrids and 

Protecting Critical Loads 

There are specific design optimization strategies for hybrid 

power generation systems (“Hybrids”) that enable the 

Hybrids to serve the microgrid and distributed generation 

markets exceptionally well.  For example, there is the need 

to pre-heat the fuel cell cathode and the cooling flow can 

be facilitated by the integration of a recuperated turbine 

cycle which operates at low pressure ratios.  Such “lenient” 

requirements eliminate the need for complex turbine 

technologies associated with high temperature operation 

and inter-stage compressor cooling. 

A solid oxide fuel cell (SOFC) is capable of achieving 

excellent performance using Hydrogen (H2) and Carbon 

Monoxide (CO) as a fuel source, eliminating the 

requirement for complicated gasification technology and 

opening the possibility of fuel flexible systems capable of 

operating at very high efficiency. 
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4.  Achieving Low Cost Spinning Reserves 

In Germany, where they have achieved a high level of 

renewable energy generation in the national grid, there 

have been notable problems with the imbalance of power 

generation as such a large percentage of electricity is 

produce by so-called “intermittent” sources, which in turn 

require more and more spinning reserves that – ironically – 

are typically fossil-fuel burning sources.  The Hybrid 

Power DG model with the HEP/DG Advanced Power 

Controls can offset that “dirty fuel” spinning reserve 

requirement while reducing parasitic fuel consumption. 

Since high system efficiency can be achieved even if the 

NG Turbine in the cycle does not produce electricity, there 

is the capability of maintaining a low-cost spinning power 

reserve and peaking demand.  A spinning power reserve 

could also be maintained without parasitic drain on finite 

fuel supplies. 

That is one of the main objectives of the work on designing 

the HEP/DG Advanced Power Controls. 

5.  Recovery from a Full Load Reject – 

Meeting the needs of a Utility-Scale Microgrid 

Another major objective is to enable exceptionally low 

turn-down on the NG Turbine – with a demonstrated 69% 

turn-down having already be achieved in the lab.  The 

hybrid generation system can recover in minutes – a great 

feat for a NG Turbine, and it can be on-line after a grid 

black-out has occurred in a very acceptable time parameter. 

Adding Renewables to the Turbine / Fuel Cell 

Hybrid Generation Model 

The optimum power generation mix for utility-scale DG 

power sources (from 500 KW to 500 megawatts) would be 

a “trifecta” comprised of turbine (natural gas, concentrated 

solar, CHP, etc.), a fuel cell and one or more sources of 

renewable power – any of which will have intermittency 

issues and challenges. 

DERP TECH recognizes that many microgrid models in the 

New England states have had stringent requirements for 

long duration, due to Hurricane Sandy's experience, where 

power was lost to millions for weeks on end.   A 

combination of reliable sources – both fossil and non-fossil 

– provides the longevity of reliable service that has been 

mandated in many states. 

6.  Observations concerning the Supervisory 

Controls under Review and Development 

Hybrid power systems combine multiple power sources, as 

discussed, to serve a community and critical circuits.  

Typically, each of the sources is controlled by a local   

controller which responds to commands from a centralized 

supervisory controller.  The Supervisory Controller must 

determine when to start and stop individual components, as 

well as how to operate those components once they have 

been turned on.  The goal of the algorithms is to minimize 

fossil fuel consumption (in the mix) while ensuring that the 

load requirements are always met.  Furthermore, the 

control software must not only operate the generation and 

storage components in a steady-state, but also know how to 

operate each component when the generation system is 

transitioning from one System Operating Mode to another. 

7.  Preventing Compressor Stall and Surge 

Further research is being conducted into methodologies for 

protecting equipment from stalls and surges under a very 

dynamic range of operating parameters. 
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