
 

Ellis Passivhaus | 5485 South Ellis Ave, Chicago, IL  60615 | 
312-399-5155 | www.kenwoodpassivhaus.com 
 

For Discussion Purposes Only | All rights Reserved 2019 | Kenwood Construction Services, Inc. 
1 

 

Wednesday, March 20, 2019 

Summary  

Ellis Passivhaus and the Passivhaus Institut Building Standard triumphed at temperatures significantly 
below ASHRAE Chicago Design Temperature parameters of 3 F and -3.2F at 99% and 99.7% confidence. 
Contrary to expectation, the hourly pricing of electricity combined with heat pump technology resulted in 
lower end user heating expense when compared with natural gas despite known daily rush hour price 
spikes and the occasional weather event driven price spike. The Mitsubishi Hyper Heat platform 
performed flawlessly at -21 F temperatures. Ellis Passivhaus remained extremely comfortable at 71 F 
throughout and required little additional energy to maintain 71 F indoor temperature as ambient outdoor 
temperature reached a median of -17 F for 34 continuous hours and a low of -21 F.  Energy demanded 
closely tracked PHPP monthly model expectations. The average Chicago household energy expense ~ 
$2.03 PSF and results in 57 pounds of C02 emissions PSF.  Ellis Passivhaus energy expense with standard 
electric pricing ~ $.50 PSF and produces ~ 2.8 pounds of C02 emission PSF.  With hourly pricing energy 
expense decreases to approximately $.08 PSF. 

Polar Vortex 2019 

From 1.30.2019 through 1.31.2019 Chicago experienced a polar vortex event which induced ambient 
outdoor temperatures of -24 F overnight rising to – 18 F mid-day on 1.30.19 and -14 F mid-day on 
1.31.2019. The event was widely anticipated, expected to last 48 hours, and received heavy media 
coverage starting approximately five days before the event.  Temperatures were expected to plummet far 
below the “ASHRAE Design Conditions for Midway Chicago,” namely 3 F and -3.2 F at 99% and 99.7% 
confidence, respectively, used by design professionals to determine “Load,” a calculation required by the 
Chicago Building Code in the permit process.   

The entire City and region would be affected. Water pipes would freeze and rupture. Schools and many 
businesses would close.  Railroad and public transportation service would be interrupted.  Many would 
suffer.  Some would die. 

Major Concerns 

1) How would Ellis Passivhaus perform in terms of comfort?  Would it maintain the required comfort 
standard of a minimum of 68 F with its primary heating platform, a Mitsubishi Electric Hyper Heat 
platform, and its embedded supplemental heating platform, given forecast temperatures 
reaching a low of – 24 F and remaining below – 15 F for 48 hours? 

2) Would the Mitsubishi Hyper Heat platform be able to produce sufficient heat below the ASHRAE 
Design Temp of 3 F and -3.2 F, respectively? 

3) Would the Mitsubishi Hyper Heat platform become so stressed trying to produce heat at such 
extreme temperatures that it would fail or go into Safe Mode where no heat would be provided 
at all if the expected ambient temperature reached -24 F as was forecast? 
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4) If the Mitsubishi Hyper Heat platform did in fact go into Safe Mode, how long would it remain 
there and how would the system reboot? Would I need to call ABT Electronics, the service 
provider, or another service provider?  How long would Ellis Passivhaus potentially be without 
heat? 

5) Would additional supplemental heat in the form of portable space heaters (1500 W max) be 
required?  If so how many would be required and would the comfort standard be maintained if 
relied upon exclusively at such extreme temperatures? 

6) How would Ellis Passivhaus respond structurally at artic temperatures?  Would the locks work? 
Would the plumbing work?  Would the water flow? 

7) What would actual performance say about the Passivhaus Institut Building Standard, the PHPP 
model, the Passivhaus Institut Certified Designer and the Passivhaus Institut Building Certifier? 
What if Ellis Passivhaus didn’t perform and perform well?  Let’s get real.  How would it affect me? 

 

Documentation & Testimony 

1) PHPP model  
2) ComEd daily data  
3) ComEd hourly data set available ~ 15 days in arrears. 
4) Mitsubishi Electric Hyper Heat Submittals. 
5) Pics and video starting 1.29.2019 currently being edited into YouTube mini-doc. 

 

Heating, Cooling, Ventilation & Domestic Hot Water Systems 

Hydronic heating systems require boilers and some combination of radiators, embedded pipes or 
ductwork.  Forced air systems have generally replaced hydronic systems except in high end residential 
applications.  Forced air requires a furnace and duct work which generally leaks and collects dust.   Both 
systems generally use natural gas which is toxic and explosive and produces ~ 1.5 pounds of C02 per kWh.  
Natural gas fired furnaces and boilers break down and are not inherently immune to electrical power 
outages either without a mitigation strategy. 

The Chicago Building Code requires a “Load” calculation prepared by a licensed professional in order for a 
building permit to be issued.  Given the ASHRAE Design Temperature of 3 F at 99%, the Load for Ellis 
Passivhaus 21 W/M^2 or ~ 5000 W (~ 17,000 BTUs) of heating capacity to maintain comfort in 
accordance with the Passivhaus Institut Building Standard and ISO 7330 which it incorporates.   Ellis 
Passivhaus employs one Mitsubishi Hyper heat Multi-Zone “48NAHC ”heat pump platform capable of 
producing 54k BTUs of heat and 48K BTUs of cooling to provide primary heating and cooling over eight 
individual modulating temperature control zones and four levels. In a given control zone one modulating 
head delivers rated capacity of 6000 or 9000 BTUs depending on the head in question.  Each head 
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modulates its actual delivered capacity depending area specific area demand intensity, an inherent 
efficiency feature.  48K BTUs translates into ~ 160,000 Watts and 54K BTUs translates into 184,000 Watts. 
This platform provides 100% of its rated capacity down to 5 F and 85% of rated capacity from 5 F to - 13 
F.  Published capacity information below – 13 F is unavailable from Mitsubishi.  Heat pump adoption 
throughout cold climates in MN, NH, VT, ME and CO is promoted and trending higher. 

Heat pump technology is widely used globally and provides both heating and cooling.  Mitsubishi is a 
global leader in both regular and Hyper Heat platforms with a broad third party installer and service 
network.  Heat pump efficiency is rated against a benchmark of 1.0 commonly knowns as the COP 
(coefficient of performance.) For the Mitsubishi platform employed the COP ranges between 2.6 and 4.6 
in normal conditions. Certain independent studies suggest output and COPs as low as 1.0 at -35 F.  In 
contrast, the most efficient natural gas water heater or boiler rates at .95 COP and standard electric 
heaters rate at 1.0 COP. These can deliver 100% of their rated capacity.   Radiant bath floors and towel 
bars provide up to 1500 W of supplemental capacity if actually called to do so with a COP of 1.0.   One 
Zehnder ERV (energy recovery ventilator) provides continuous ventilation with energy recovery at 84% 
efficiency and requires ~ .31 W/M^2 under laboratory conditions which translates into ~ 2.0 kWh per day.  
One Rheem Hybrid hot water heater, also a heat pump, uses about 4 kWh per day. Its COP is 3.5. All 
systems were in engaged in normal operation over the entire polar vortex event and performed without 
incident. 

Every Passivhaus Institut Certified Building starts with a unique PHPP (Passivhaus Institut Planning Package) 
model usually built by a Passivhaus Institut Certified Designer (or Consultant) preferably in conjunction 
with other design professionals in the preliminary phases of a project.  Jordan Goldman at Zero Energy 
Design was engaged throughout the project as the PHPP Designer.  Peel Passive House (Stephen Quinn) 
was engaged toward completion of the project as the Building Certifier.   

The PHPP modeling framework simultaneously evaluates the physical properties every cubic millimeter of 
the building shell above and below grade, its precise geospatial coordinates and related weather times 
series, and every planned mechanical system and major appliance.  Summary outputs include Heating 
Load, Cooling Load, Annual Heating Demand, Annual Cooling Demand, Primary Energy Demand, and Total 
Site Based Energy Demand.  The Heating Load expresses the minimal amount of heating capacity required 
to maintain 68 F and with very high level of confidence and is expected to incorporate nearly 100% of all 
future temperatures.  While the PHPP says Ellis Passivhaus needs ~ 5000 W (17,000 BTUs) to maintain a 
minimum 68 F at ~ 3 F., at lower temperatures more capacity would be required at lower temperatures 
all else equal.  Ellis Passivhaus was designed for Chicago in accordance with the ASHRAE standard (as is 
every other building in Chicago) and not Antarctica where there is in fact a Net Zero Passivhaus.  
(http://www.antarcticstation.org/station/passive_building)  Tens of thousands of Passivhaus buildings can 
be found in every climate zone and on every continent across the globe.  

 

http://www.antarcticstation.org/station/passive_building


 

Ellis Passivhaus | 5485 South Ellis Ave, Chicago, IL  60615 | 
312-399-5155 | www.kenwoodpassivhaus.com 
 

For Discussion Purposes Only | All rights Reserved 2019 | Kenwood Construction Services, Inc. 
4 

 

Stress Test  

In anticipation of this polar vortex event where ambient outdoor temperature was expected to plummet 
to -24 F and remain below -14 F for 48 consecutive hours, at 3 PM on 1/28/2019, the temperature in 
each of the eight zones was increased to 71 F.  All zones quickly reached that level when that call was 
made. The radiant bath floors were set at 67 F, the radiant bath towel bars were not engaged.  On 
1/30/2019 at ~ 3 PM approximately half way through the polar vortex event, two of the eight climate 
zones were turned off entirely in an attempt to induce an observable change in interior temperature.  It 
didn’t happen.  The internal temperature did not decrease, suggesting a combination of an abundance of 
capacity and a high level of heat retention. 

In the previous three days leading up to the polar vortex event, the median outside temperature was 6 F 
and the median and average demand was ~ 4.1 kWh per hour with the interior temperature registering 
an average > 67 F throughout the house.  From 1/28/2019 at 4 PM when the temperature was raised to 
71 F to and through the 11 PM hour on 1/29/2019, the median outside temperature was 5 F and median 
and average demand was 6.63 kWh per hour.  Hence raising the interior temperature 4 F when the 
outside temperature was ~ 5 F induced an approximate  2.5 kWh per hour increase in demand. 

For the actual 48 hour polar vortex event the interior temperature was maintained at > 71 F throughout 
the house on each level. The median ambient temperature was -15 F and median demand was 7.42 kWh 
per hour.  The low was -21 F.  The median temp for 34 consecutive hours commencing at ~ 2 AM on 
1/30/2019 was nearly -17 F and median demand for this period was 7.42 kWh per hour.  The ambient 
temperature at noon on 1/31/2019 was -7 F and rose to 2 F in the 11 PM hour.  Hence, in rough terms as 
temperature crashed from ~ 5 F to -21 F and median demand increased by ~ .67 kWh per hour.  Partially 
cloudy, windy and snowy conditions prevailed through much of 1/30/2019 suggesting lower relative solar 
gain while it was mostly clear on 1/31/2019 suggesting relatively higher solar gains. 

 

Consumption and Expense 

The retail price of a kWh approximates $.16 and the retail price of a Therm (100,000 BTUs) approximates 
$.85.  One Therm = 29.3 kWh.  Therefore, a kWh (electricity) is over 5 times more expensive than a Therm 
(natural gas.)   

ComEd offers hourly pricing to any consumer which in effect represents a pseudo spot-market price per 
kWh. It’s purportedly designed to enable consumers save money. It also enables ComEd to shift risk.  Of 
course some risk presents in the form of price shocks to whomever takes it on.  Further, demand for 
electricity is generally highest from approximately 5 AM to 10 AM and from 5 PM to 10 PM and higher 
hourly pricing generally results in these time frames. With this knowledge consumers can shift 
consumption patterns and save money resulting in greater grid capacity at peak times. 
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The average kWh “spot” price during the two day polar vortex event ~ $.053 per kWh with STDEV of 
$.0285, substantially lower than the prevailing retail price.  The median kWh price was ~ $.047 per kWh.  
The range was $.0245 and $.1643 per kWh.  For the immediate prior four day period when the median 
outdoor temperature was 6 F, the average price was $.0264 kWh and the STDEV was $.0054, significantly 
lower still.  Hourly prices quickly returned to these levels after the polar vortex abated.  The range was 
$.011 to $.0482 kWh.  Notably, the price of natural gas trended down slightly in January 2019 over 
December 2018 to $.85 Therm in January 2019.  Nuclear energy provides some 30% of ComEd’s source 
energy and nuclear runs 24/7/365.  Was there a sudden supply shortage of natural gas or coal?  Why was 
the price spike and volatility so pronounced? Was the system demand for electricity so pronounced that 
scarcity resulted?  Was there a rush on space heaters? How long would the price spike endure after the 
outdoor ambient temperature returned a normal trend?  Hmm… 

With “pseudo spot pricing,” for the 120 hours prior, over 77% of the periods resulted in a lower kWh 
price per hour when compared to natural gas.  Surprisingly, despite the predictable “rush hour” spikes it 
was less expensive to heat with electricity than it would have been to heat with natural gas. For this 120 
hour period, total energy expense equaled $15.34 and $.13 per hour and the ambient interior 
temperatures was ~ 71 F while the median ambient exterior temperatures was 6 F.  With natural gas, the 
total expense would have equaled a whopping $1.34 more!  But wait, retail electricity is 5 times more 
expensive than natural gas….What’s going on?  Have electrical consumers been getting ripped off by 
accepting the default standard price? 

Three factors probably explain nearly 100% of this mystery. 

1) Hourly pricing which purportedly helps consumers and is certainly much lower than the standard 
retail fixed price, but it comes with risk. 

2) Mitsubishi Electric Air to Air Heat Pumps with COPs exceeding 2.6 under normal conditions. 
3) Passivhaus Institut Building Standard known to routinely remove 90% of energy demand in a given 

building for heating primarily due to its energy, insulation, airtightness, and indoor air quality and 
energy recover standards. 

For the polar vortex period in particular, Ellis Passivhaus incurred total expense was $20.36 for the two 
days or ~ $.42 per hour when the median outdoor temperature was -15 F and the indoor temperature 
was a constant 71 F.    Hourly pricing during the polar vortex doubled and with sharper peaks during the 
predictable “rush hour” periods. In this case, natural gas would have been $9.57 less expensive for the 
two day spike or $.20 per hour less expensive.  Still, $9.57 is better than several times that for a stock 
house of the same size which would have required 8 – 10 x more energy and would have produced a 
correspondingly greater amount of C02 emissions. 

The average Chicago household living in a 1467 square foot residence spends 84% of its energy budget on 
natural gas.  That’s 34 kWh per square foot as compared to Ellis Passivhaus which requires < 2 kWh per 
square foot while providing numerous additional comfort and wellness benefits.  The average Chicago 
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household produces nearly 84,000 pounds of C02 per year and 57 pounds per square foot. At 3723 
square feet Ellis Passivhaus produces 10,350 pounds of C02 and 2.8 pounds per square foot premised on 
the PHPP modeling framework.  The actual data supports the PHPP framework. 

Many friends reported that their natural gas forced air systems ran “continuously” over the 48 hour 
period and most forced air furnaces are 50,000 to 200,000 BTUs. Their interior temp was generally set in 
a low 60 F range and opposed to 71 F for Ellis Passivhaus.   Total expense for 200,000 BTUs for 48 hours 
approximates $82 in expense.  This demand also produces 4,219 pounds (200K * 48 hours / 100K * 29.3 * 
1.5) of C02 emissions just for heating in comparison to the 333 pounds of C02 emissions Ellis Passivhaus 
actually produced for space heating, and, exterior lights, indoor lights, refrigeration, plug loads and 
domestic hot water.  Parsed off, non-heating demand might sum to an average of .5 – 1.0 kWh per hour. 

The polar vortex price spike could have been longer and more pronounced and event driven spikes can 
turn into secular shifts.  For instance, a natural disaster, plant failure or regulatory event like a carbon tax 
might induce a secular price shift. That’s why it’s always beneficial to need as little energy from the grid as 
possible. The indoor temperature didn’t need to be 71 F on every floor; 68 F or lower would have been 
just fine.   Lower demand would have lowered the $9.57 price shock effect all else equal to < $6.00.  
Lastly, COPs decrease with lower temperature.  Lower temperatures mean lower COPs and higher 
temperatures generally mean higher COPs simply due to the fact that it’s harder to make heat from -20 F 
outside air when compared to 20 F or 40 F outside air; in any case still far more efficient than a boiler or 
forced air furnace.   Less demand and greater efficiency is always better from a financial and 
environmental perspective. 

For the actual polar vortex two day event Ellis Passivhaus used 7.75 kWh per hour to maintain > 71 F and 
paid a rate of $.053 per kWh per hour, twice the normal rate.  This translates into $9.60 in additional 
expense compared with natural gas for the two day event a clearly superior tradeoff when compared to 
the $30.00 per month and $360 per year minimum Customer Charge for natural gas service.  Played out 
on a large scale, hourly pricing and heat pumps put heating expense on par with natural gas for any 
homeowner.  However, this combination alone does not offset demand risk in the aggregate.  An average 
Chicago home of the same size would have required 8 to 10 times more energy and produced 
equivalently more C02 emissions, but in Chicago, a Passivhaus Institut Certified Building like Ellis 
Passivhaus can be expected to remove 90% of both.  

Takeaways 

1) Hourly pricing provides results in a meaningfully lower kWh price most of the time and has saved 
Ellis Passivhaus $650 over 16 months when compared to standard pricing.  Available to all 
consumers, hourly pricing results in a meaningfully lower kWh price for any given hour most of 
the time.  Hourly data suggests price improvement compared to natural gas > 75% of the time. 

2) The Mitsubishi Hyper Heat platform operated continuously when called upon using ~ 70% of its 
capacity during the coldest 35 hour stretch at ~ - 17 F to maintain 71+ F inside < ~ 50% otherwise.  
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3) The ASHRAE “Chicago Midway Design Temperature” Load is the minimal capacity necessary to 
maintain “comfort” as defined by the Passivhaus Institut which incorporates ISO 7330.  This test 
was easily met in extreme temperature conditions reaching – 21 F and averaging -15 F, far below 
3 sigma (99.7%) and -3.2 F.  Based on actual consumption, Load at ~ -17 F to -21 F adjusted to 
reflect lower interior temperature and lower a lower COP appears to be ~ 10,000 W. 

4) The Heating Load for Ellis Passivhaus is 5035 W (21 W/M^2). A hair dryer provides a maximum of 
1500 W of capacity. So does a portable space heater.  Therefore a few hair dryers are presumed 
able to maintain temperature and comfort as defined at 3 F.  In the event of a complete primary 
heating plant failure, approximately 4-6 hairdryers (or space heaters) would be required to 
maintain the comfort. In the absence of grid sourced electricity, Ellis Passivhaus provides portable 
generator hook-up. A LioN battery hookup will be provide with the solar panel installation. 
Providing maximum weather event safety. 

5) Hourly electrical pricing is volatile with the highest hourly price per kWh generally occurring from 
6 AM to 10 AM and from 5 PM to 9 PM.  

6) Occupancy of Chicago’s buildings leads to 73% of Chicago’s total annual C02 emissions.  Over 85% 
of the energy consumed by Chicago households is natural gas which produces ~ 1.5 pounds of 
C02 per kWh as opposed to ComEd electricity which produces ~ .9 pound of C02 emissions per 
kWh due to the significant contribution made by nuclear. Nuclear, wind and solar produce zero 
C02 emissions.  Chicago has committed to eliminate 80% of its annual C02 emissions of some 30 
million tons per year by 2050. The Passivhaus Institut Building Standard and Ellis Passivhaus 
provide proof that a validated pathway to significant C02 emissions reduction of approximately 
90% exists, all else equal. Energy demand closely mapped with PHPP monthly expectations even 
at temperature extremes.  

7) Historically, energy prices rise by 3% per year but could rise much faster than generally expected 
given global warming pressures. The standard kWh price for ComEd electricity is ~ $.16 cents per 
kWh and the prevailing price of a Therm (100,000 BTUs) of natural gas from People Gas is ~ $.85 
cents per Therm.   Chicago pays about 14% more for electricity and about 31% less for natural gas 
compared to several major US cities, and, 53% and 64% respectively when compared to EUR 
Zone prices. It’s best to avoid this type of dependency to the greatest degree possible. Passivhaus 
Institut design methods significantly mitigate this risk.  

8) One Therm = 29.3 kWh.   Therefore, a kWh of electricity is 5 – 6 times more expensive than 
natural gas, in general at the retail level.  This is the highest spread in the US and even higher 
than the EUR zone. Natural gas is simply too low in an economy that must decarbonize to 
maintain and enhance its relative regional economic competitiveness.   

9) The Mitsubishi Hyper Heat platform provides heating (or cooling) far more efficiently than the 
most efficient natural gas boiler or water heater.  This relative performance is captured in the 
“COP” (Coefficient of Performance.”) The COP for equipment used at Ellis Passivhaus ranges from 
2.7 to 4.6 in normal conditions and based on information and belief approaches 1.0 at -35 F.  The 
most efficient natural gas appliance approximates .95.  
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10) Calls for heat occurred infrequently and were rarely observed suggesting a high level of heat 
retention in the building when capacity was reduced. 

11) Maximum heating capacity averaged > 150,000 BTUs. Average demand when the average temp 
was -17 F for 34 consecutive hours was < 8 kWh per hour (8000 W.) Abundant excess capacity 
remained available throughout. Supplemental heat of any form was entirely unnecessary.   

12) Clear and cold days result in discernable solar gains.  The interior window sill temperatures on the 
east and west elevation windows exceeded 85 F for extended periods. 

13) The Mitsubishi platform proved to be resilient and robust at very extreme historical 
temperatures, as did the Zehnder ERV.  Both operated flawlessly.   

14) The Passivhaus Institut Building Standard and Ellis Passivhaus proved their robustness and 
resiliency at temperatures far below the 3 sigma / -3.2 F design criteria.  Energy demand mapped 
closely with PHPP monthly modeled expectations. 

 

Please visit the Downloads section at www.kenwoodpassivhaus.com for reference materials. 

 

1) PHPP Model 
2) ASHRAE Design Temp. – Chicago Midway 
3) Chicago Average Household - Side by Side 
4) Polar Vortex Data Workbook 
5) Mitsubishi Hyper Heat Submittals  
6) Zehnder Submittals 

 

 


