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The intended audience and beneficiaries of this report is the commercial building industry stakeholders, and any findings and recommendations are aimed for their benefit and use.  In instances where a recommendation has an unspecified audience or actor, the audience or actor is intended to refer to industry partners and stakeholders.  

1) Combined Heat and Power

Combined Heat and Power (CHP) is an important technology consideration for moving commercial buildings to greater energy independence and towards zero net energy.   CHP is essentially made up of a prime mover, which generates electricity from a defined fuel source, and a recovery device, which utilizes the waste energy of the prime mover for secondary uses, usually in the form of thermal energy.  CHP can also be discussed at varying scales, from utility scale (100+ MWe) combined cycle plants serving large industrial process loads, to campus scale central plants (5-50 MWe) serving process and/or district heating and cooling loads, to building scale (30 KWe - 5 MWe) in which all the energy is consumed within a single building.    In a definitional sense, the prime mover generates electricity at specific process efficiency and the recovery device harnesses the inefficiencies, usually in the form of thermal energy, towards specific recovery for heating or thermally activated cycle purposes, such as absorption cooling or dehumidification technologies.

In terms of application, CHP is typically sized by either a power load factor or a thermal load factor, with the core aspect of overall thermodynamic efficiency improved as a result of using as much of the fuel source energy as possible.   One downside for CHP is often tied to the source energy, where for carbon accounting purposes, a fossil fuel source energy must be properly credited against benefits of the resource “free” thermally recovered applications.    Additionally, when the CHP application spans multiple buildings, micro-CHP grids of both power and thermal distributed systems require special attention so as to gain maximum benefit.  CHP doesn’t uniquely produce a zero net energy solution; however, for highly efficient thermally designed buildings, a CHP plant can be used to produce power and store excess thermal energy at productive peaks and use the stored energy without power during the productive lows of building operation.    CHP provides a means to lower average building energy use through its higher thermodynamic efficiency associated with its combined low (power)/high(thermal) entropy utilization.   
Key to today’s common CHP applications are where the power/thermal load balance are consistent.    such as in industrial, food retail/service, hospitality and health-care applications.  The economics of CHP are improved as the ratios of heat and power requirements are matched to system output on a 24/7/365 basis.   Thermal loads can utilized for both process and space heating (via steam or hot water generation) and space cooling (via absorption chilling).   Aggregating power and thermal load across multiple buildings or a campus can help optimize system load balancing so as to yield nearly zero wasted energy use across all demands.    Aggregating loads also allows CHP systems to increase in size as peak and base loads increase.  Larger systems typically have better fuel conversion heat rates and overall thermal efficiencies.   However, larger systems can outstrip the supply of renewable fuel sources. 
New research in technologies that break the fossil fuel source energy paradigms in CHP are essentially to driving a zero net energy outcome.    Emerging source energy types include bio-fuels and solar collectors and primary and recovery technologies that are suited for these types of energy sources.  For instance, solar photovoltaic combined with thermal systems show useful promise with regards to overall solar efficiency, and could be considered a CHP solution.   As well, recovery devices can be expanded to consider energy harvesting of all sources of “waste” thermal energy in a building that could create additional energy resources not presently harnessed.  These include various processes that may occur in commercial buildings – from computational intensive data centers to food production equipment in food retail and service buildings.    
CHP Reference:  http://apps.ornl.gov/~pts/prod/pubs/ldoc13655_chp_report____final_web_optimized_11_25_08.pdf
a) Definition

COMBINED HEAT AND POWER (CHP) is the simultaneous production of electrical and thermal energy from a single energy source.   Electrical energy may be produced by prime movers such as reciprocating engines, combustion turbines, steam turbines, fuel cells, or stirling engines.   In CHP systems, the exhaust energy from the prime mover is recovered and used for direct heating (e.g., space heating or as an energy source for a thermally activated device such as an absorption chiller or a Rankine cycle) or indirect heating (heating of a secondary fluid such as steam or high temperature hot water).   By capturing the exhaust energy, CHP systems can achieve fuel utilization efficiencies that exceed those obtained by separate power and heating processes.   Utilizing the electrical output at or near the point of generation also avoids the transmission and distribution losses associated with the utility grid.  Prior to 2000, CHP systems were typically custom designed for large industrial or district energy applications (typically > 2MWe).   In the last decade, packaged modular CHP systems have been developed for commercial buildings and residential applications.

CHP systems can provide cost savings benefits depending on the fuel cost and local electric rate structures.  Other benefits such as improved power reliability and quality can be equally important to some customers.  In addition to fuel cost and local electric rate structures, the feasibility of a CHP system for a given application depends on the magnitude, duration, and coincidence of electric and thermal loads.   The electric/thermal load optimization typically results in CHP systems sized to provide less than 100% of peak load.  Systems sized to make a facility, campus or installation grid independent usually have the regulatory and legal authority to wheel excess electrical power back to the grid and sell thermal energy over the fence.

A significant cost element of CHP systems is providing for system reliability.  This is typically accomplished by either 1) purchasing standby power service from the local utility, 2) installing system redundancy, or 3) some combination thereof.    The larger the system capacity as compared to the peak load, the larger these costs become.  

Another significant cost and regulatory barrier to CHP deployment is environmental and construction permitting.  Air emissions permitting is required for all CHP plants large and small.  Air emissions requirements and allowable levels for NOx, SOx, HC, and particulates vary by jurisdiction.  While the improved thermal efficiencies of CHP systems over grid power and local boilers results in a net reduction of air emissions, the point sources are typically located in separate air permitting jurisdictions.  Air quality is improved in one and worsened in another.  In addition the siteing, construction and operation of a CHP plant must comply with local zoning, codes and noise ordinances.   These issues become more significant as system size grows.  

b) Current Status
i) Current market penetration / efficiency of CHP plants

ii) Tools and supporting technologies

(1) Modeling systems/BIM and design tools
(2) Grid integration
Paul – one issue is that most of the (good) tools are proprietary – public ones are too crude to make investment decisions.  

Also, tools focus on current technology – but not considering renewable fuels or fuel  cells.

JH:  And, even if the proprietary tools ARE technically good, if not public tools then they’re not going to be used to include CHP as an option in codes, OR to use CHP to show compliance with codes (or building rating, like LEED?).

iii) Case study examples
ACTION:   Paul to write up practitioner’s perspectives and experiences on current markets tools/supporting technologies. Consider case studies, as appropriate, to round out the content.
c) Regulatory Structures and Implementation Considerations
There are numerous considerations that must be acknowledged in the regulatory structures in place today when fielding a CHP solution.  Often-times, these become investment magnifiers and lower the real value of the CHP value proposition.   The two largest factors for CHP installations are related to site permitting, including air permits for specific energy source types, and utility interconnection, particularly associated with power grid connections; but, more broadly could include both the power and thermal connections.    Further, to realize the structural benefits of CHP, the solution needs to be considered for both its primary and site energy benefits.
Permits are typically either point source based and are particularly challenging given the local context in which permitting is originated and site based, which accounts for systemic considerations and are more suitable for CHP, if available.  For broader penetration of CHP solutions, consideration should be given to offsetting or mitigating large polluting sources upstream of the application.  At the same time, CHP applications should be pursued that are best available technologies for both GHG and other combustion by product pollutants like SOx and NOx.    Permitting boards, while typically representing only a local jurisdiction, may be able to provide recommendations to a regional, state or national level board under which broader interests can be represented.
Utility interconnects can affect costs and power availability depending on how the utility will support the power generating capacity of the CHP application.   A CHP system with grid interconnectivity will typically require a “stand-by” structure, where-as the utility must be able to provide some or all of the CHP power generation capacity should the CHP system not be sufficient to provide the needed capacity.    This could be as a result of base load design, excessively high power or thermal demand or a maintenance action.    Stand-by charges, imposed by the utility, can accumulate as unfavorable cost factors for the CHP application.   One solution is grid independent CHP designs; however, these impose additional costs related to providing the “stand-by” capacities in the form of backup power and thermal systems.
Utility interconnects also affect the ability to push excess power and thermal energy back onto the utility grid.   From a utilities perspective, balancing base demand and peak capacity are critical and excess capacity offered by local generation sources, like CHP systems, are often seen as disturbances to grid stability.  Additionally, generation excess is often purchased back with little or no incentive to the local generator to off-set their local production costs.   Feed-in tariffs are often used as incentives to local production; however, until such time as a truly “smart grid” materializes, these incentive based solutions will seem impractical to the rate payers.  More discussion on this type of grid interconnection challenge is discussed in the subsequent Grid Integration section of this report.

Interconnection reference: http://www.epa.gov/chp/state-policy/interconnection.html) . 
Source energy costs can also be a factor in regulatory considerations that affect adoption.  In particular, long-term procurement contracts of source energy for CHP can often smooth the ROI costs of CHP solutions and, with increased certainty and hedge against energy cost volatility, these will often be attractive arguments.   Long term arrangements for fuel purchase, particularly natural gas, are attractive to corporate investors that can speculate for such contracts; however, some government agencies are prohibited from using these types of cost management vehicles.

Trading energy cost structures is another factor; particularly as natural gas is the comparative fuel of choice for today’s CHP solutions, it is often compared to the electricity rate for a given user.   The “spark spread” is an often convenient way of assessing viability of a CHP application by simply seeing if cost of generation (locally with CHP) would be more economical over purchasing the power directly from the utility.  While other considerations should be factored in, like Renewable Portfolio Standards (RPS), the choice between generating local power versus purchasing centrally produced power is often a critical first step in the CHP economics assessment.    These economies will become influenced in the future as deregulated electricity grids take hold and rates increase while at the same time natural gas supplies, availability and cost will likely decrease.   Further, carbon costs in fuel choice will also have a pronounced affect, depending on the market price of carbon that is established.

Accounting CHP requires that buildings undergo both a rigorous assessment of site energy use and efficiency while, as well, assessing the buildings primary energy impact.  Combining these measures assures CHP will be assessed on an “equal playing field” to other technology considerations, particularly as relates to the increasing likelihood for carbon costs being included in the price of future energy.

CHP solutions, according to the US Combined Heat and Power Association (USCHPA) must be accounted for against other energy options using both site and primary energy considerations.  For site only considerations, the CHP solution would be penalized for increased emissions related to on-site power production.  Alternatively, balancing all benefits and potential actions against primary energy would substantiate the benefits of local production against other efficiency and emissions measures under consideration.  

Finally, the program structure within key agencies, including but not limited to the US Department of Energy, may be a constraint to their pursuing both the technology R&D and deployment policies that would be optimal for advancing CHP.  For example, most state or utility energy efficiency organizations tend to structure their programs and their operating units around end-use sectors – making CHP potentially an orphan caught somewhere between the utilities, industry, or perhaps the buildings program office.  If CHP is assigned to an end-use sector (industry or buildings) then issues of utility interconnection and grid integration may receive little attention.  Conversely, if CHP becomes part of a utilities program office, then equally important concerns of building systems integration may be slighted.  There is no obvious structural solution to this, except perhaps a commitment by the organization to encourage cross-cutting thinking, formal coordination arrangements (a standing task force on CHP?), and to insist on a program strategy that is attentive to potential blind spots.

i) Thermal vs. Electric Load Following

ii) Spatial constraints

iii) Regional spark spread (gas vs. electric pricing)

iv) Distributed vs Central (kind of plays into macro vs micro grid integration)

v) Environmental Impact

(1) Accounting methods for zero energy concept (site vs. source energy, energy balance)

(2) Energy surplus and storage, grid imbalance
d) Further Research
i) New and emerging technologies

Concentrated solar power and links to CHP related to building scale applications are potential research topics.

More readily emerging are the combined PV/Solar thermal solutions offered by a few suppliers which integrated PV(electricity generation) and solar thermal (hot water/heating) and offer a more total efficiency of production.

O&M technology challenges on fuel cells and micro-turbines often make them less attractive over lower cost, less efficient options (prime movers).

ii) Gaps and exploration topics
Key research areas for CHP include:

· Improved prime mover efficiency

· Fuel flexibility for prime movers

· Enhanced thermally activated devices 

· Reduced CHP system operating and maintenance cost

· Cost-effective production of fuel from biomass

· Cost –effective production of hydrogen fuel

· Interconnection (this probably goes in the regulatory section)

· Integration of CHP with other building-scale (or multi-building) energy systems and with both thermal and electrical loads.

1. In many cases, the criteria for applying CHP system at the building scale focus on identifying cases whete both thermal and electrical building loads are reasonably in balance (given the thermal and electrical outputs of today’s CHP systems), and are either relatively constant year-round or have relatively long duty-cycles (and load coincidence),  Hospitals are one example; others may include (at a campus scale) multi-use facilities such as universities and prisons.

While this may make sense for existing commercial buildings, it begs the question of how future buildings might be designed to be “CHP-friendly” (or at least tolerant) by adjustments in  both the scale and timing of thermal and electrical loads to provide a better match for CHP technologies.  Strategies might include more aggressive e electrical load management (aimed at balancing loads to CHP systems rather than just shaving or shifting peak). It could also involve aggressive use of thermal storage, desiccant cooling, or absorption chillers – all measures that may be seen as reducing energy efficiency unless the overall system benefits of capturing and using waste heat from on-site power generation are also taken into account.

