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Topics 

• Who is CEE 
• Energy use and building performance 
• Retrofit highlights 

•  Energy impact 
•  Marketability   
•  Ensuring success: I, O & M best practices 



Dan May,  
Multifamily Project Coordinator 

About me 

•  8+ years in residential building 
efficiency & building inspections 

•  BPI certified Building Analyst 
•  Coordinator for Multifamily 

Energy Savings program for 
MN Energy Resources 

•  Perform other multifamily 
energy efficiency projects and 
research 

•  B.S. in Residential Building 
Science Technology, B.A.S. in 
Construction Management: U of 
M-Twin Cities 

•  ` 
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Who is CEE 

The Center for Energy and Environment (CEE) is a 
nonprofit organization that promotes energy efficiency to 
strengthen the economy while improving the 
environment 
We conduct research and develop programs so that: 

•  Businesses operate more efficiently and profitably; 
•  Government agencies and nonprofits spend less on facilities 

and functions; 
•  Utilities achieve their energy-efficiency goals at least-cost; and 
•  Households save money and improve comfort. 
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35 Years of Clean Energy Accomplishments 

Program	Design	
and	Delivery	

80,000	Residen5al	
Customers	

Supervised	and	
tested	13,300	homes	

in	the	Sound	
Insula5on	Program	

Completed	over	
10,500	ligh5ng	

retrofits	resul5ng	in	
$98M	annual	savings	

Lending	Center	

25,000	loans	totaling	
over	$190M	

Close	over	800	loans	
annually	

Average	loan	
amount	is	
$8,000	

Engineering	
Services	

Independent		
3rd	party	

inves5gators	

Inves5gated	over	
30M	square	feet	of	

buildings	

Average	building	
sees	a	less	then	2	
year	payback	

Research	

Na5onally	
recognized	

Research	informs	all	
of	our	programs	

Published	over	125	
technical	papers	
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CEE multifamily experience 

•  Facility assessments of over                                    
2,000 buildings in Minnesota 

•  Completed over 20 research  
projects  
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Current multifamily research projects 

•  Condensing boiler optimization 
• Multifamily ventilation optimization 
•  Assessment of through-wall 

condensing furnace/AC packages 
• Multifamily aerosol envelope air 

sealing 
•  Indoor pool optimization 

All funded through the MN Department of Commerce’s 
Conservation Applied Research and Development grant program.  

Abstracts	and	full	reports	available	at		mncee.org	
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Current multifamily energy efficiency programs 

•  Energy Star and Enterprise Green Communities 
multifamily 3rd party verifier 

• One Stop Efficiency Shop lighting program with  
Xcel Energy  

• Multifamily Energy Savings program with  
MN Energy Resources 



Energy use and building 
performance 
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Water and space heating costs dominate 

SOURCE:	Minnesota	Mul5family	Rental	Characteriza5on	Study,	Energy	Center	of	Wisconsin	
and	Franklin	Energy,	2013;	sampled	120	buildings	in	MN	(78	in	Twin	Ci5es,	66	Greater	MN)	

=	40%	

=	15%	

=	10%	

=	34%	

Average MN 
Multifamily 
Utility Costs  
(per unit / year) 
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…And yet they are a small piece of the expense pie 

					Payroll	&	Benefits		
19%	

Insurance		
4%	

Taxes		
17%	

Mgmnt	Fee		
8%	

Admin  
4% 

Water		
&		

Sewer		
5%	

 Elec. 
3% 

Gas 
4% 

Trash,	Cable,	Misc.	4%		

Repairs		
27%	

MarkeOng		
2%	

Other			
3%	

UOliOes	=	12%	

Source:	2013	MN	
Mul*	Housing	
Associa*on	
Expense	survey.	
388	mul5family	
proper5es	
surveyed	

Average  
MN Multifamily 
operating 
expenses 
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High energy users in (almost) every age category 

SOURCE:	Minnesota	Mul5family	Rental	Characteriza5on	Study,	Energy	Center	of	Wisconsin	
and	Franklin	Energy,	2013;	sampled	120	bldgs	in	MN	(78	in	Twin	Ci5es,	66	Greater	MN)	
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Drivers of building energy use 

•  Efficiency of equipment (Boilers, water heaters, 
lighting, appliances, ventilation equipment, etc) 

•  Windows, insulation and envelope details 
•  Building maintenance protocols 
•  Staff practices & building operation 
•  Weather 
•  Location of building 
•  Resident habits 
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Building	
Performance	

Comfort	

Water	

Indoor	air	
quality	

Longevity/
Durability	Energy	

Maint.	/
Upkeep	

Safety	

Building energy use affects building 
performance 



A good investment: 

q Has aggressive energy 
paybacks 

q  Lowers O & M costs 
q  Improves building comfort 
q  Makes things easier for staff 
q  Is “tried and true”  
q  Is easy to implement 
q  Improves equip. durability 

Energy efficiency should improve building 
performance 



Marketable energy efficiency 
strategies for MN multifamily 
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Laundry list items 

•  Low flow water fixtures 
•  Showerheads, aerators, toilets 

•  Lighting 
•  LED replacement, occupancy sensors 

•  High efficiency washing machines 
•  Programmable thermostats for common spaces 
•  Pipe insulation 
•  Attic insulation and air sealing 
• Water heater setting (120 degrees F) 



Low-flow showerhead, 1.5 gpm 
Standard, 2.5 gpm  

Low-flow aerator, 0.5-1.0 gpm 
Standard, 2.2 gpm 

High-efficiency fixtures 

Payback on 
investment: 
1-3 years 
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Curbing leaks 

•  Encourage reporting of faucet 
drips and running toilets 

 

savewatersantafe.com	
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Get rid of all incandescent bulbs 

•  CFL or LED replacements are both good 
options 

 
•  $5+ / year / bulb energy savings when you 

replace an incandescent 
 
•  LED last 50,000 hours rather than 8-10,000 for 

CFL or 1,200 for incandescent 
•  Maintenance costs saved on longer bulb life 
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Lineal fluorescent corridor or garage 
lighting 
§ T12 lamps to T8 
§ Magnetic ballasts to 

electronic 
§ Look for rebates 
 

“Change them now” 

Payback: 
2-3 years 



Pg. 23 

Other lighting upgrades: Occupancy 
sensors or timers 

•  Community rooms 
•  Computer rooms 
•  Laundry rooms 
•  Stairwells 
• Garages (partial) 
•  Hallway (partial) 
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Pipe insulation 

Heating pipes 
Payback ≈ 3.5 years 

Hot water pipes 
Payback ≈ 3 years 

Insulate	all	accessible	pipes	
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Air-sealing:  Stop attic air leaks  

•  Attic air leaks can cause ice dams on pitched roofs  
•  Pre-WWII buildings have most air leakage 

Air sealing is sealing holes that leak heated air in a building shell with 
a material that stops air (caulk or foam) 
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Garage Ventilation: CO monitoring controls 
and garage thermostat 50°F max 

• Monitors Carbon Monoxide 
levels and operates 
ventilation system only when 
CO levels are high 

• Garage thermostat at 50°F 
maximum 
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Good opportunities for energy savings – 
beyond “the laundry list” 

•  Optimizing existing boilers 
•  Building ventilation modifications 
•  Demand-based hot water recirculation loop controls 
•  Aerosol envelope air sealing 
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Optimizing Boiler Controls 



Control boilers for optimal efficiency 

•  Condensing & non-condensing boilers 
• Optimized outdoor reset 
•  Finding the lowest max output temp for the building 
•  Sequencing and staging for optimal efficiency 
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Boiler outdoor reset and warm weather 
shutdown controls 

10-15% 
savings on 

heating 
costs 

Reduced 
over-heating 

Longer 
boiler cycles 
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Control the boiler so it doesn’t exceed demand 

20°F in March 
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Outdoor reset lowers boiler water temperature 
As outdoor temps get warmer, the building heating load gets smaller and the boiler water 

temperature can be lowered.   

-20°F

0°F

20°F

40°F

60°F

80°F

100°F

120°F

140°F

160°F

180°F

Boiler	water	temperature	with	
outdoor	reset	

Space		75°F	

Boiler	water	temperature,	no	
control	

15%	heat	
savings	
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There’s something wrong with these 
pictures 
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15 minutes could save you 15% on your heating bill 



Boiler Room Log: Note the boiler temp 
vs. outside air temp 



Outdoor reset adjustment 

14 unit building: 
9.5% space heating savings (no cost) 
Reduced building over-heating 



At replacement: Identify  boiler control 
limitations 
•  This boiler control’s non-adjustable minimum outside 

temp of 0°F is not ideal for MN 
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Understanding reset control settings 

• Outdoor design 
•  Boiler indoor/indoor 

design/Room design 
•  Boiler design 
•  Boiler max 
•  Boiler min 
• WWSD/Shutdown 
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Recommended 
boiler reset setting 

Boiler without 
control	

⇐  heat sav ings ⇒  

Existing setpoint	

Adjusting outdoor reset—dollars and cents 

10%	Heat	Savings	
48	unit	building		
$250	heat	(per	unit	per	year)	
Savings	:	$25	x	36	
$1,200	annual	savings	
Plus	reduced	over-hea5ng	
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Make it easy!! 
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Keep a record of adjustments 



Optimizing condensing boilers 



Optimizing outdoor reset 

Min	Outdoor	temp	for	
condensing	moved	from	
34°F	to	22	°	F	
Can	you	go	lower?	

Bo
ile
r	w

at
er
	te

m
p	

Outdoor	temp	
Adjusted	supply	curve	

Adjusted	return	curve	
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Achieving rated efficiency (>90% efficiency) 

CONDENSING	TEMPS	

Return water temperature 



Little difference between boiler supply and return 
temperatures indicates potential for improvement 

1- Adjust reset temps as low as possible 
2- VFD pump control optimizes heat transfer as zones 

open and close 



Conventional boiler 
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Condensing boiler 



Benefits 

•  4-10% of gained efficiency 
•  Eliminate short-cycling 
• Getting what you paid “extra” for 



The key:  
Driving down return water temperature and managing 
excess air 
• Maximize heat transfer at heating elements 
•  Send lower temp water out to the building 
• Make sure boiler output matches demand 
• Make sure your piping isn’t dumping supply water into 

return 



How? 

•  Considerations for an existing condensing system 
•  Proper excess air levels 
•  Adjusting outdoor reset and sequencing/staging controls 
•  Reducing maximum output temp 
•  VFD pumping for increased heat transfer 

• OR Considerations at time of replacement 
•  Boiler room piping 
•  Choosing a boiler with good on board reset and sequencing/

staging controls 



Pg. 52 

Condensing boiler sensitivity to excess air 

•  Controlling excess air very important 
•  Excess air reduces concentration of  

water vapor 
•  Dewpoint decreases  

Low	Excess	Air	

High	Excess	Air	
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Oxygen levels in flue gas 
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Excess air can dictate boiler efficiency 

Image	source:	industrialhea5ng.com	
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Measured as % Oxygen in flue gas 



Boiler sequence and firing stage controls: matching 
output to load for best efficiency 

Lower	output	firing	stages	have	increased	thermal	efficiency	

Image	source:	Lochinvar.com	



Lochinvar Knight boiler cascade strategies:  

Image	source:	lochinvar.com	



Boiler room piping: address at replacement 

	
1	
	
	

	
2	
	
	

	
3	
	
	

	
4	
	
	

RETURN	Building	loop	

Not ideal: Adjacent boilers warm return water 



Better piping 

	
1	
	
	

	
2	
	
	

	
3	
	
	

	
4	
	
	

RETURN	Building	loop	
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Summary: getting condensing boilers to 
condense! 

•  Proper oxygen levels in flue gas contribute to optimal 
condensing conditions 

• Maintaining aggressive control settings prolongs 
condensing capabilities  

•  VFD pump controls reduce pump speeds at part loads 
to optimize heat transfer 

•  Boiler room piping can dictate return water temps 
 



Optimizing ventilation systems 
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Individual  ventilation systems  

•  Ducted individually 
•  On/Off Switch in apartment 
•  Commonly under-ventilating 

(no energy savings) 
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Central ventilation systems 
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Multifamily central ventilation:   
What are the issues? 

• Excessive ventilation flow rates 
•  Electric use of motors 
•  Cost of ventilating excessive heated or cooled air 

• Lack of effective airflow distribution  
•  Inlets clogging over time 
•  Balancing dampers tampered with 

• Difficulty measuring airflows 



Central Apartment Exhaust 



Pg. 65 

Exhaust systems draw air from apartments 

B. A. C. 

Bathroom	 Kitchen	&	Bathroom	 Two	Bathrooms	
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Clogged or blocked inlets are a problem! 

Flow balancing device 
behind the grill is often 
clogged or blocked 
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Solution:  
Fixed Orifice -“Sheet Metal With a Hole” 
 
•  Less prone to clogging 
•  Tamper proof 
•  Least cost 
•  Sealed to ceiling 
•  Hole is sized for correct 

flow at targeted duct 
pressure 
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Case study: Central exhaust retrofit in 
Minneapolis 

•  High utility bills 
•  Ventilation fan noise 
•  Repeated fan belt replacement 
• Odor problems from blocked inlets 
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Retrofit: clean and unclog ducts 
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Remove balancing dampers and replace with 
fixed hole 



Replace fan with high-efficiency type and turn 
it down! 

Speed	control	dial	

Old	fan	

New	fan	

Air	seal	at	curb	below	fan	
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Results: Improved distribution 
x05	
4	

63	
		
56	
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161	
171	
		
30	
50	
26	
15	
100	
190	
NA	

84	

67%	
67%	
17%	
17%	
17%	

Very	High	 >	45	
High	 >	36	
Good	 +/-	20%	
Low	 <	24	

Very	Low	 <	15	

Pre	–	retrofit		>	 Post–	retrofit		>	 x05	
4	

34	
32	
34	
31	
30	
33	
34	
34	
31	
35	
35	
34	
30	
NA	

33	

0	
0	

100%	
0%	
0%	



Savings Details 
Whole building 
CFM savings 2,299 cfm 
Gas savings (NG) 4,706 therms 
Fan power savings 21,979 kWh 
Cooling savings 5,539 kWh 
Energy Cost savings* $5,535 
Payback  6.1 yrs 

Per unit annual savings   
Gas savings (NG) 58 therms 
Electric savings 339 kWh 
Energy Cost savings* $67/unit 
*Based	upon	$0.65/therm	and	$0.09/kWh	



Trash Chutes  
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Typical Trash Chute Configuration 
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Improving trash chute performance 

•  Keep trash room doors 
shut 

• Weatherstrip and seal 
off trash rooms 

•  Adjust cap height 
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Case study: Trash Chute retrofit in 
Minneapolis 
•  Reduced rooftop cap height 

to restrict stack flow 
•  Sheet metal housing at 

dumpster isolated trash 
chute from building air 
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Energy Savings, Reduced Odors 

•  Estimated $1,500 annual heating savings 
•  Reduced odors in nearby lobby, management offices 
•  1.3 year payback 
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Make sure the chute door is closed 
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Ventilation summary 

• Over or under-ventilating systems have big impacts on 
building performance 

•  Reducing ventilation flow saves on operating costs 
•  Using a fixed orifice flow balancer will save costs and 

improve long-term performance 
•  Trash Chute modifications can improve odor issues 

and save energy 
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For more ventilation information 



Controlling hot water  
recirculation loops 



Hot water recirculation loops 

Image	source:	HMG,	Inc	



DHW energy losses 

Image	source:	HMG,	Inc.	Mul5family	Central	
Domes5c	Hot	Water	Distribu5on	systems.	2013	
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Rochester installation 

•  3-story 
•  39 unit building 
•  Built in 1955 
•  Failed water heaters  
•  Shower heads and faucet  

aerators installed along  
with building assessment 

25% total hot water savings 
10% DHW savings from Demand Controller 
Payback = 3.5 years 
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Enovative’s Demand Controller 

•  Control stops pump when  
there is no building demand  
or the recirculation loop temp 
is above 100F 

•  Pump run time reduced from  
24/7 to average 14 mins / day  
(ARIES Collaborative/Building  
America study in 2014) 

•  Turns pump on upon sensing  
hot water demand 

Payback: 
2-4 years 



Aerosol envelope air sealing 

Concept:	
•  Pressurize	apartment	

unit	
•  Spray	air	sealing	fog	
•  Sealant	parOcles	build	

up	on	gaps		as	they	exit	
the	room		
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Multifamily compartmentalization 

Creating an interior air barrier 
 around each unit 

•  Reduced stack effect 
•  Reduced noise transfer 
•  Reduced odor transfer/improved 

IAQ 
•  Increased comfort 
•  Increased energy efficiency 
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Nuts and bolts 

PREP WORK  
•  Horizontal surfaces covered 
• Windows, exterior doors covered 
•  Finished floor covered (ideal  

before flooring is installed) 
•  Door handles covered 
•  Plumbing fixtures covered 
•  Ceiling fans covered 
•  Radiators covered 
•  Sprinkler head openings covered 
•  Remove outlet/switch plates 
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Preliminary results: 
Very air-tight 
•  Air tightness result: 114 to  

25 CFM50 total unit leakage 
(8 units sealed) 

•  Averaged 0.45 ACH50  
•  78% to 95% tighter than the 

new code requirement of  
3.0 ACH50 

•  12-13 times tighter than  
Energy Star requirement  
for multifamily 
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Sealed penetrations 
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Identifying the opportunity 

IDEAL CANDIDATES 
• Moderate rehabs “floors and cabinets”  
•  New construction  
NOT IDEAL 
• Where carpet is installed 
•  If occupied 
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Air sealing at lower cost? 

Aerosol 
•  Prep   
•  Sealing process    
•  Simultaneous air leakage 

testing ensures results  

Manual air sealing 
i.e. caulking/foaming 
•  Architectural specification  
•  Labor    
•  Air leakage test   

  =>	Uncertain	results	

Vs.		
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Marketable?  
BENEFITS 
•  Reduced noise transfer 
•  Reduced odor transfer 
•  Improved comfort 
•  Simultaneous air leakage testing ensures results 
•  Expedited process, labor savings potential 
CONSIDERATONS 
•  Cost 
•  Not a solution for large air leak gaps 
•  Rehab or new construction only 
•  Balanced ventilation is crucial 
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Condensing through-wall furnaces 
 
•  Through-wall furnaces becoming more popular in 

Multifamily buildings 
•  Recently, 4 out of 5 manufacturers of through-wall furnaces 

introduced condensing heating products 
•  Non-condensing: 80% AFUE, Condensing: Up to 95% 

AFUE 
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Potential/Unresolved Issues: Existing 
Buildings 
•  How will condensate be handled? 

•  Drain lines 
•  Neutralization requirements 

•  Potential for icing issues at exterior grille during cold 
weather? 

•  Have any impact on occupant comfort? 
•  How do measured energy savings compare to initial 

savings estimates? 
 
           More of a concern for existing buildings 
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Round-up 

•  Controlling boilers (both condensing and non-
condensing) effectively is a low-cost way to save 
energy and improve occupant comfort 

•  Central ventilation systems that provide too much 
ventilation air can be modified for significant energy 
savings (plus improved ventilation performance) 

•  Demand-controlled recirculation loop controls on hot 
water systems are low costs controls that save energy 
without affecting performance  

•  Aerosol envelope air sealing may be the future’s 
technique for meeting energy performance 
requirements 
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Make sure to look for rebates! 
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Managers: Take advantage of this 
program! 

•  Free install of shower-
heads and faucet aerators 

•  Building assessment 
•  Start-to-finish oversight of 

any chosen retrofits 

Product		
Install	

Building	
Assessment	Intake	 Ongoing	

Assistance	Report	

Major	ciOes	served:	
Cloquet	

Grand	Rapids	
Bemidji	
Eagan	

Rochester	
Park	Rapids	
Rosemount	

Hinckley	
+100	other	MN	ciOes	

It’s	
FREE	
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More info CEE programs and research: 
mncee.org 



Dan May 
dmay@mncee.org 

612.244.2425 

 

 

Questions? 

 


