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« This research critically examines that presumption, focusing on S T
the current combined heating, cooling and power system at Yale . Monthly Primary Energy, CHCP . Monthly Primary Energy, SHCP N _ Monthly Primary Energy, SHCP-HR _ LT —
University, and compares it with two feasible alternatives. Total: 686 GWh . - Total: 638 GWh o Total: 559 GWh T oy |
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Three alternative energy supply systems are analyzed: | | "
1) The current combined heat, cooling and power (CHCP) system
consists of a gas fired cogeneration power plant with a heat "o SR P S & @ TS SR P & & @ ° SR P S & @ @ o L—
recovery steam generator. A chiller plant, running on steam or
eIeCtriCity1 produces Chllled water. «10°  Monthly Carbon Footprint, CHCP «10°  Monthly Carbon Footprint, SHCP «10° ___Monthly Carbon Footprint, SHCP-HR _ g x10"___Total Annual Carbon Footprint _
Total: 1.66e+08 kg CO2eq B Cooling Total: 1.12e+08 kg CO2eq B Cooing Total: 8.48e+07 kg CO2eq B Cooing 6 — il
2) A separate heat, cooling and power (SHCP) system would use ° —ce "’ = M —rtiy R
ISO-NE electricity from the grid, produce chilled water solely €l $ ol g0l gz
from electrically powered chillers, and used gas directly in hot E E o R
water bolilers to meet the heating load. di ; : i
3) A SHCP with heat recovery (SHCP-HR) system would use grid TS PR P E F P S PR PSS T @ PR L ST TS WS _ e
electricity, and produce chilled water and hot water as in system
2). Concurrent heating and cooling demands would be met by a « Slight primary energy reductions and significant carbon footprint reductions are achievable In this case by switching to SCHP, more so with heat
heat recovery chiller (HRC) with thermal energy storage recovery (SHCP-HR).
allowing the HRC to operate when the heating and cooling  Reductions most pronounced in summer, when steam powered refrigeration can Is replaced by electrically powered refrigeration (SCHP) and well
requirements are not well matched. matched heating and cooling loads allows most thermal energy generation to come from the HRC.
 Results are highly dependent on the regional electricity mix; because ISO-NE has a relatively low carbon electricity mix, the GHG reductions

achieved by switching from CHCP are large.
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g for HRC thermal energy * Poorer performance of CHCP unintuitive, as we expect cogeneration to require « Short/long term resilience is a separate advantage of distributed,
2 generation. less energy Inputs and cause lower environmental impacts than separate off-grid generation. Increasing on-site solar/wind power
ol | _ generation. generation can improve resilience without the environmental
\ * First of all, the relative efficiencies are crucial to this expectation. In decades downsides of CHCP.
\0 S OR P F @B D S / past when average energy conversion by cent_ralized power plants was 30-33%
efficient, CHP would have been a better solution. Now however, as large scale Acknowledgements
M eth 0 d S & D at 3 generatiqn becomes more efficie_nt_, CHP Iook_s less favo_ra_ble. | | Thanks to Sam Olmstead for help with primary data on Yale Power Plant
e Second, If reducing GHG is a priority and regional electricity mix contains low-C and Chiller Plant, and to Joseph Stagner for providing information of the
* THEMIS, a hybnd life cycle assessment model for analyzing electricity sources e.g. nuclear, renewables and high-efficiency natural gas, grid electricity SHCP-HR system at Stanford University.

systems and scenarios, IS modified to include the heating and cooling
systems described.

and separate heating and cooling can be more favorable. For more information on this research, contact peter.berrill@yale.edu

 Meeting concurrent heating and cooling loads with a HRC, with hot and cold

 Grid electricity modeled as ISO-NE regional average: mainly natural gas _ _ _ > <l
(49%), nuclear (31%) and renewables (10%). ther_mal energy storage, can provide substantial further energy savings and Yale School of FOI‘eStI'y
. Primary_ data from the Y_ale power plant is us_ed fo_r CHCP, the other environmental impact reductions. % % &Environmental Studies
\ alternatives are based on industrial literature and interviews. / K /
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