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Introduction
Following the presentation by LANS of a proposal for a combined heat and power (CHP) plant in late March, the Los Alamos Field Office has asked LANS to examine the relative advantages of the proposed CHP plant versus the option of abandoning the steam distribution in favor of constructing decentralized boilers (DB) at the TA-3 buildings.  This paper is presented in response to that request.  We demonstrate in this paper that the costs are comparable and the CHP alternative offers a number of significant advantages. 

Numerical Comparison of CHP vs. DB
1. Capital Cost – LANS has extensively estimated the costs of the CHP plant and this work shows that the cost of the ESPC contract for the new central plant and the rehabilitation of the steam system is $108 million.  The proposal presented in March describes a $115 million project but this includes ECM 4 which is not part of the CHP/steam system.  This project is anticipated to commence in FY 2018 so inflation to that date is included.  The estimated cost includes a 35% contingency factor and two different site mark-up factors depending on the work.   When work is being conducted in operating buildings this factor marks-up standard construction costs by 120% and when conducted in a segregated site (the CHP plant itself) the mark-up is 30%.  
In estimating the cost of the DB alternative the best data point on hand is the September 2007 ESPC proposal from NORESCO.  They composed an Initial Proposal as part of the ESPC process in which they estimated capital cost and energy savings.  They presented a project cost of $59 million and this was based on a site mark-up factor of 30%.  LANS believes this was unrealistic based on our experience in working in operating buildings and all this work clearly must take place in operating buildings.  When the NORESCO cost is adjusted for a 120% site factor and brought forward to 2018 the result is an ESPC contract costing $119 million. 
By way of comparison, Sandia National Laboratory completed a DB project in 2010.  It was very successful in saving energy and brought boilers to about 50 buildings; LANL’s system serves about 40 buildings.  This line item project had total project cost was $63.3 million, including in-house expenses, so it is not strictly speaking comparable to the ESPC contract.  The Sandia project cost would be made larger by the in-house expense, however, there is an offsetting factor, the ESPC cost is inflated by the added risk mark-up inherent in an ESPC arrangement when compared to that of a typical general contractor.  For argument’s sake, if one treats Sandia’s historic cost data as approximately comparable to an ESPC base estimate, then adds the 35% contingency and brings it forward to 2018, the estimated cost is $102 million. 
Admittedly, selection of a site inflation factors is a judgment call with a significant impact in comparing the CHP estimate to the extrapolation of NORESCO’s DB proposal, however, the impact is not overwhelming.  In the numbers presented above the CHP is $11 million less than the DB alternative.  If the site factor for working in operating buildings is cut in half, to 60%, the DB alternative is $17 million less than the CHP.  
The reasonable conclusion is that the projects are approximately equal in cost and the recent, near-by experience at DOE’s Sandia site validates this.  However, in the broader sense, the question of whether the DB project costs less is not the important question.  The important question is whether the project pays for itself.  The analysis that LANS has conducted shows that the CHP project more than pays for itself using our current, relatively low energy unit costs.  If this were not true, an ESPC agreement would not be an option.  

2. Energy and Carbon Emissions – Our March CHP proposal showed the anticipated savings in primary energy consumed in generating electricity and heating TA-3 buildings; the proposed plant saved 1400 billion BTU/year versus the current condition.  NORESCO’s Initial Proposal stated that their DB proposal would save 190 billion BTU/year.  An audit commissioned by Sandia showed that their program saved 309 billion BTU/year. 
Regarding carbon emissions, the CHP plant saves 139,000 metric tons of CO2/year versus 10,200 metric tons of CO2/year claimed by the NORESCO for their DB proposal and 16,400 metric tons of CO2/year that can be calculated for the Sandia project. 
These very large differences – an order of magnitude in the case of the carbon emissions – are primarily due to the very different nature of the CHP project versus a DB project.  The CHP project displaces about half of the electrical generation required by LANL with a more efficient, on-site generation facility using a lower carbon fuel while a DB project does not address electrical generation at all.  

3. Hedging Against Future Energy Supply Uncertainty – As shown in the carbon discussion above, the CHP proposal is inherently a hedge against future carbon pricing, however, it is also a hedge against future energy cost inflation.  As part of the recent studies LANS has commissioned, the consulting engineering firm was instructed to analyze the sensitivity of the plant’s economic performance versus a range of energy inflation rates.  They produced the following chart:    


The vertical axis of this chart, Benefits/Cost, is the ratio of income over expense in operating the CHP plant for 30 years.  Income is based on LANL’s current market cost of power and heat and expense includes all operations, maintenance and amortization expenses for the entire system.  The horizontal axis is various rates of energy commodity escalation; DOE guidance generally suggests using 3%.  Alternative 4, in which the heating system is shut down for 3 months of the year, is the one described in our March proposal.  
The upward trajectories of these curves demonstrate the hedging benefit our proposal represents.  The shape of this curve can be credited to the ability of a CHP plant to efficiently transform primary energy into useful benefit and the fact that this feature is enhanced as energy prices escalate.       

Qualitative Comparison of CHP vs. DB
In general, the CHP alternative provides an important degree flexibility as LANL faces likely energy-related decisions in the future:
Site Electrical Transmission Line Upgrades – Both LAFO and LANS have, in recent years, had to consider the approaching, multi-million dollar need to upgrade the capacity of one or both the transmission lines serving the site.  The CHP plant operating as a base load generation facility, as it is intended to do, gives LANL additional time before having to make the decision.  
Enabling Future Energy Source Decisions – A central plant also permits more options in future energy source selection by virtue of its scale.  A fuel-fired CHP plant is an excellent fit to augment the intermittency of our likely local renewable sources, solar and wind.  In addition, renewable fuel sources, such as forest waste-fired boilers, could be retrofitted if they became economically attractive.  Such retrofits could be imagined at the building scale but would be more cumbersome and likely less financially attractive. 
Market Advantage – The plant will have the capability to produce more electricity (running auxiliary boilers and HRSG at full power output) or more heat (no boilers, maximum heat output from the HRSG), thus operators will be able to react to fluctuations in the relative prices of gas and electricity to the economic advantage of the site.   
Dual Fuel Capability – A central plant provides the advantage of a dual fuel heating system – natural gas or oil.  During the 2011 cold snap, when natural gas was lost in New Mexico, LANL was able to keep the buildings heated by using the back-up measure of running the boilers on oil.  In converting to decentralized boilers, we would lose this option because dual fuel is not economically feasible with building-scale boilers.  
Island Mode Operation – In a major power grid disruption scenario, LANL would be able to operate in ‘island mode’ isolated from the grid.  Although the site and community would not be able to operate normally, the increased generating capacity would be a valuable added capability.

Case Studies
In considering the choice of CHP plant versus a DB project, it is helpful to examine the experience of other DOE sites when faced with this question.  Their answers varied and the reason for that is because their starting points varied; the conclusion one must draw is that there is no one-size-fits-all solution.  (See the attachment for side-by-side comparisons.) 
Sandia Laboratory chose the DB option and realized substantial energy savings in replacing a failing, heating-only plant.  However, the advantages of a CHP replacement were never a serious option for them.  They never had a CHP and thus they would have needed to build the electrical infrastructure to support one.  In addition, their metropolitan location meant they already had pollution compliance problems and could not add to them. 
Argonne Laboratory had an existing central heating plant and intends to add a medium sized (6 MW) CHP unit in parallel with the existing steam plant.  Their already well-maintained steam distribution system will remain in service.  They had examined the DB option early in the design process and rejected it as not the most financially attractive.  Argonne chose differently from Sandia largely because they had a distribution system with few leaks and without a sizable deferred maintenance liability.
[bookmark: _GoBack]The Y-12 plant chose to stay with the central heating plant configuration in their recent ESPC project.  They replaced a coal-fired plant with a new, gas-fired one and extensively refurbished their steam distribution system to address a significant problem with leaks.  This refurbishment was made easier by the fact that the entire distribution system was above ground, unlike Sandia.  Y-12 did realize the energy savings comparable to Sandia as well as the carbon reduction benefit that results from changing from coal to gas as we propose to do. 
LANL too can realize the sizable savings seen at Sandia and Y-12 by addressing the problem of distribution leaks and old, inefficient equipment as the proposal describes.  Unlike Sandia, LANL enters into the decision process with the electrical infrastructure in place along with an under-used asset in the existing gas turbine.    
The stories of Sandia, Argonne and Y-12 above yield another important lesson – it is time to move on this question.  Our three sister laboratories had or have central plants of approximately the same vintage as Los Alamos and in recent years they have all recognized the need to replace and rebuild them.  It takes years to bring the project to completion and LANS has put in the initial effort to produce an economically viable solution with a host of other benefits.  The decentralized boiler option has been extensively examined and, while it is a reasonable alternative, it is not the best solution.  Further study will only delay a needed decision without the benefit of make a better decision.  

BC Ratio vs. Energy/Commodity Escalation
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